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To  the  HQiioiir&bl<) 

PRAHK  Olitib,  M.P., 

Hinister  of  the  Interior. 

Sib, — I  hftve  the  honour  to  sabmit  Yolame  XIV  (New  Series)  of 
the  Report  of  the  Qeologioftl  Survey  of  Oanadk. 

It  is  acoompkoied  bj  26  niKps  hxI  is  illostnited  by  sercnl   photo- 
gn4ihs,  bendea  a  namber  of  fignres  in  tbe  text. 

The  soTersl  p»rta  oompoeing  the  volume  h&ve  been  isaaed  previonsly, 
as  completed,  and  may  bb  obtained  separately. 

I  have  the  honoor  to  be,  Sir, 

Tour  obedieat  servuit, 

ROBERT  BELL 

Acting  Dtractor. 

Ottawa'  16*  October,  1906. 
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Map*  (0  aeeompanr  tlu  Sumnarg  Btportfor  1901. 
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.,  7G8.~Sixt;mile  River 
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■apply. 
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PARTH. 


aUDBURY  MINING  DISTRICT. 
Mkp  Na  770— Victoria  Minea  map. 
"      "     S20 — Sudbur7  nutp. 

"      "     S24  M>d  S2G—Vi£nity  of  Copper  Cliff  Min«i  (2>hBetj.) 
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PABTJ. 
Map  No.  780— Perth  Geological  Sheet,  (No.  119,  Ontario  Series.) 


PAHTM. 

Map  No.  S33— Geolofrical  Map  of  Pictou  Cod  Field. 
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<i      •'     87ES.— Mapof  City  of  Montreal  and  vicinity  ihowing  location  <A  wells. 

M      ,.    8Te.—0ni>bia  diapvDia  of  wells. 


PART  a 
Eight  diagrams,  (not  numbered)  in  text. 
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Note. — On  account  of  the  gntt  donand  (or  these  mape,  and  as  no  rapoit  is  to 
acoompany  tbem,  advantage  is  taken  of  the  publication  of  this  volntne  lo  include 
them  in  the  aooompanying  portfolio. 
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SUMMARY  REPORT 

ON  THB 

OPERATIONS  OF  THE   GEOLOGICAL  SURVEY 

FOB  THE  YELAJl  1901. 

Ottawa,  Jonnuy  1,  lf»02. 

The  Honourable  Clifford  Sipton,  M.F., 
Minister  of  the  Interior. 

Sis, — Having  requested  me  to  take  charge  of  the  Geological  Survey 
Department  immediately  after  the  lamented  death  of  Dr.  Q.  M.  I)aw- 
aon,  which  took  place  on  March  2,  1901,  it  now  hecomea  my  dnty 
under  the  Act  governing  the  department,  to  report  to  you  en  al 
matters  connected  with  ita  adminiatration  during  the  calendar  year  jast 
closed.  I  have,  aooordingly,  the  honour  to  submit  the  following  Bum- 
ntary  Report  on  the  aSaira  (rf  the  Survey  for  l^e  above  period.  This 
report,  besides  being  what  may  be  termed  a  short  businese  statement  N»tuTe  of 
of  the  work  performed  by  the  Survey  during  the  year,  4X>atains,  in  the  "^'^■ 
▼ariooa  subordinate  reports,  of  which  it  ia  partly  composed,  an  epitome 
of  the  principal  scientific  results  which  have  been  achieved.  It 
embraces  the  statements  of  the  various  ofGcers  who  were  entrusted 
with  the  field  operations,  and  also  of  the  gentlemen  engaged  in  oarrying 
on  and  supervising  the  several  divisions  of  the  indoor  work. 

Care  has  been  taken  to  give  prominence  to  any  discoveries  which  Eoonoraia^ 
may  have  an  economic  bearing.  This  is  done  in  response  to  the  general 
desire  for  early  information  on  all  points  which  may  be  of  immediate 
value  to  the  public,  although  the  scientific  discoveries  may  altimately 
prove  ctf  greater  practical  importance.  For  the  above  reason  some  of 
the  accompanying  reporte  on  field-work  are  fuller  than  usual,  although 
the  work  they  represent  may  not  have  been  any  greater  than  where 
the  reports  are  shorter.  In  the  latter  case  the  results  will  be  given  at 
greater  length  in  the  detailed  annual  reports,  which  are  to  follow  as 
soon  as  the  field  notes  can  be  worked  up,  and  the  maps  or  other  illustra- 
tions can  be  prepared.  Of  such  reports,  volume  XI.,  oontaining  nine 
individual  sections  of  this  oharaoter,  with  maps,  eto.,  has  been  pub- 
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Hahed  (in  cloth  covers)  daring  the  paab  summer.     Some  of  these  con- 
stituent parts  had  been  already  issued  as  "  separates." 

The  following  are  the  publications  of  the  department  in  1901  : — 
Summary  report  of  the  Qeol(^icAl  Survey  for  1900,  pp.  203,  part  A., 
vol.  XIII. 

Report  on  the  Topography  and  Qeology  of  Great  Bear  Lake  and  of 
a  chain  of  lakes  and  streams,  thence  to  Great  Slave  LAke,  by  J. 
Mackintosh  Bell.     Part  C,  vol.  XII.,  pp.  36. 

Report  on  the  Atlin  Mining  District,  by  T.  C.  Gwillim.  Part  B., 
vol.  XII. 

Report  on  the  Iron  Ore  Deposits  along  the  £!ingston  and  Pembroke 
Railway  in  Eastern  Ontario,  by  E.  D.  lagall.  Part  I.,  vol.  XII., 
pp.  91. 

Report  of  the  section  of  Chemistry  and  Mineralogy,  by  G.  C.  Hoff- 
mann.    Fart  R.,  vol.  XII.,  pp.  64. 

Section  of  Hiueral  Statistics  and  Mines,  Annual  Report  for  1899, 
by  E.  D.  Ingall.     Part  S.,  vol.  XII.,  pp.  Hi. 

Report  on  the  Geology  of  Argenteuil,  Ottawa  and  part  of  Pontiao 
Counties,  Province  of  Quebec  and  of  portions  of  Oarleton,  Huesell 
and  Presoott  Counties,  Province  of  Ontario,  by  R.  W.  Ells.  Part 
J.,  vol.  XII.,  pp.  138. 

Report  on  the  Geolo^'y  and  Natural  Resources  of  the  area  included 
in  the  map  of  the  City  of  Ottawa  and  vicinity,  by  R.  W.  Ells. 
Part  G.,  vol.  XII.,  pp.  77. 

Annual  Report,  vol.  XI.,  new  series,  1898,  English  edition,  pp.  853. 

Annual  Report  (new  series),  vol.  X.,  French  edition,  pp.  1,117. 


Special  fieporli  published  in  1901. 

Altitudes  in  the  Dominion  of  Canada,  by  James  White,  pp.  266. 

Catalogue  of  the  Marine  Invert«brata  of  Ea^itera  Canada,  by  J.  F. 
Whiteaves,  pp.  271. 

The  maps,  sections,  profiles,  diagrams,  etc.,  published  by  the  Survey 
during  the  year  are  enumerated  in  the  accompanying  report  by  the 
{[eographer  and  chief  draftsman  of  the  Department. 
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Field  Work. 

The  great  feature  of  the  operatioDs  of  the  department  for  the  year 
is,  of  conrsB,  the  tunoant  of  field-'work  done,  as  most  of  the  other  pro- 
ceedings of  the  Survey  depend  upon  this.  During  the  past  summer 
3 1  parties  were  ont,  as  against  1 3  employed  the  previous  season,  and  31  parties  in 
the  amount  of  work  accomplished  is  believed  to  have  far  exceeded 
that  of  any  previous  year  in  the  history  of  the  department.  The 
averse  nnmber  of  field-parties  for  the  last  ten  years  has  been  14  or  15. 
Beaidee  sending  out  all  the  men  qualified  for  field-work  belonging  to 
the  regular  staff,  a  sort  of  contract  system  was  adopted,  by  whioh  Contncta. 
tiie  temporary  services  were  secured  of  a  number  of  competent  geologists, 
principally  college  profeaeors,  who  conld  only  devote  the  sntniaer 
aeasoo  to  this  work.  A  lump  sum  was  paid  for  the  field-work,  together 
with  all  maps  and  reports  tbereoo.  While  this  plan  happened  to  suit 
these  gentlemen,  it  was  also  a  very  economical  and  advantageous  one  Advanttj^M. 
for  the  department,  since  a  large  amount  of  field-work  was  secured  at 
mach  less  cost  than  by  employing  officers  for  the  entire  year.  Under 
this  system,  the  gentlemen  so  employed  in  the  field  ^reed  to  plot 
their  work  and  write  their  reports  at  their  own  homes,  thus  relieving, 
without  coat  for  rent,  heating,  dec.,  our  congested  offices  at  head- 
quarters. They  send  in  their  map-work  from  time  to  time  at  differ- 
ent stages  in  its  progress  for  inspeotion  by  the  Qec^rapher  of  the 
Department. 

All  the  gentlemen  who  were  employed  in  field-work  have  given 
in  reports  on  their  labours,  and  statements  oorering  the  year's  opera- 
tions have  also  been  furnished  by  the  Chemist  and  Mineralogist, 
the  Mining  Engineer,  the  Geographer,  the  Faleeontologist  and  Zoolo- 
gist (uid  his  two  assistants),  the  Botanist  and  Naturalist  (and  hie 
assistant),  the  (Honorary)  Entomologist  and  the  Librarian. 

In  former  years  the  Summary  Reports  of  most  of  the  officers  of  the  IndiTidual 
department  were  ran  together  under  the  name  of  the  Director,  but  ^^ 
in  the  present  volume  a  distinct  heading  as  to  subject  is  given  to 
the  report  of  each  member  of  the  staff  and  it  is  published  under  his 
own  name.  In  this  way  the  reader  may  more  readily  find  what  he  is 
locdring  for,  and  each  writer  will  be  more  likely  to  receive  the  credit 
doe  him  for  his  own  work. 

Aa  all  the  more  important  points  in  connection  with  tlie  various  Field  offioarg 
operations  of  the  Survey  daring  the  year  1901  are  set  forth  in  the  work, 
individual  reports,  which  explain  themselves,  it  will  be  unnecessary 
for  me  to  give  more  than  the  following  convenient  summary  of  the 
field-work  aooomplished,  the  order  being  from  north-vest  to  sonth-eaal. 
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Sd  t^°"  Mr.  B.  G.  MoOonnell,  Maiated  by  Mr.  Joseph  Keele,  worked  in  the 
work— Cont.  Yukoa  district.  Mr.  MoConnell's  investigatioiiB  were  connected  with 
the  mode  of  occurreooe  of  gold,  both  Allariftl  and  in  veins,  and  the 
investigation  of  new  districts  as  well  as  those  which  he  had  visited  in 
previous  years.  Mr.  Keele  was  engaged  during  part  of  ^e  time  on  aa 
investigation  of  the  4X>pper  deposits  of  the  While  Hone  district, 
which  were  also  visited  by  Mr.  McConnelL 

Mr.  R.  W.  Brock  oontinaed  his  investigations  in  British  Columbia, 
in  the  Boundary  Creek  distriot,  in  West  Kootenay,  particularly  in 
the  neighbourhood  of  Oreenwood  and  on  the  north  fork  of  the  Kettle 
river.  In  addition  to  tracing  out  the  geographical  distribution  of 
the  formations,  be  paid  particular  attention  to  the  nature  of  the  rooks 
themselves  and  to  their  relations  to  the  ore  deposits,  and  he  has 
written  a  pretty  full  report  on  these  subjects. 

Dr.  Ranald  Daly,  formerly  Instructor  in  Oeograpbic  Qeoli^y  in 
Harvard  University,  became  connected  with  the  Survey  in  May, 
1901,  and  during  the  past  season  was  employed  on  the  western  part 
of  the  International  Boundary,  from  the  Pacific  ocean  eastward  into 
the  first  range  of  monntains. 

Mr.  J.  M.  Maoonn  acted  as  Botanist  and  Zoologist  to  the  Canadian 
Commission  in  connection  with  marking  the  same  boundary. 

Mr.  W.  W.  Leaob,  assisted  by  Mr.  T.  Denis,  of  the  Survey  staff, 
was  employed  in  the  Crow's  Nest  Pass  coal-fields,  in  continuation  of 
the  work  heretofore  performed  by  Mr.  James  McEvoy,  who  has  left 
the  Servioe  and  become  connected  with  a  coal  mining  company  operat- 
ing in  the  Crow's  Nest  Pass  region.  The  result  of  the  investigations 
of  Mr.  Leach  and  Mr.  McEvoy  is  to  show  tiiat  tiiere  is  an  CDorinous 
aggregate  thickness  of  coal  in  the  main  basin  in  the  neighbourhood  of 
Femie,  divided  amoufpt  a  great  number  of  seams  of  convenient  thick- 
ness for  working.  He  also  investigated  the  southern  part  of  the 
Green  Hills  coal-fields,  lying  about  thirty  miles  north  of  the  main 
field.  Here  also  there  is  a  vast  amount  of  workable  coal,  which,  like 
that  of  the  main  field,  is  of  excellent  quality. 

Mr.  Lawrence  I^mbe,  one  of  the  assistant  palteontologists  of  the 
Survey,  was  engaged  with  a  party  collecting  fossils  on  the  Red  Deer 
river,  to  the  north  of  Medicine  Hat.  He  brought  home  a  fine  colleo- 
tion  of  the  remains  of  Upper  Cretaceous  reptiles,  and  since  his  return 
baa  described  two  species  of  tortoises,  these  descriptions,  with  illustra- 
tions, being  included  in  his  report. 
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Mr.  WilliMn  Molnnes  ooDtiuned  his  aurveja  between  I^kea  Superior  Fidd  offloen 
and  Uanitoba,  in  which  r^ion  he  hu  now  msipped  out  all  the  more  work— Cont. 
Important  Huronian  belts  and  described  the  characters  and  structure 
ot  tbe  rooks  which  they  oomprise. 

Hr.  D.  B.  Dowling,  assisted  hj  Mr.  W.  H.  Boyd,  of  the  Snrre;, 
was  aent  to  the  country  lying  to  the  south-west  of  Cape  Henrietta 
Uaria,  on  the  western  side  of  Hndson  Bay.  The  limits  of  the  different 
formations  within  ihis  district  had  never  before  been  mapped  out. 
The  great  region  lying  on  this  side  of  the  bay  is  of  a  generally  low  and 
lerel  nature,  but  behind  Cape  Henrietta  Maria  a  hilly  country  was 
known  to  exist.  On  the  older  geological  maps  this  was  represented  as 
Lanrentian,  but  I  bad  predicted  that  it  would  more  likely  turn  out 
to  be  of  Lower  Cambrian  age  and  to  consist  of  rocks  like  those  of  the 
Hanitonnuck  formation  on  the  east  side  of  Hndson  bay,  which  is 
eqniTalent  to  the  Animikie  of  Lake  Snperior.  This  prediction  was 
fsUy  confirmed  by  Mr.  Bowling's  investigations.  The  party  surveyed 
the  west  coast  of  James  bay  from  Moose  Factory  north  to  the  above 
mentioned  capie,  and  they  also  made  an  instrumental  traverse  of  the 
Eqnan  river  and  a  traok-snrvey  thence  northward  by  way  of  Sutton 
Hill  lake  to  the  main  bay. 

Dr.  Alfred  W.  Q.  Wilson  made  a  detiuled  geological  sorvey  of  the 
country  lying  immediately  west  of  Ifipigoc  river  and  lake,  at  the 
same  time  mapping  out  all  the  geographical  features  which  had  not 
bean  laid  down  by  myself  when  surveying  the  lake  in  1869. 

Dr.  W.  A.  Parks,  assistant  professor  of  geology  in  the  University  of 
Toronto,  was  employed  during  the  summer  vacation  in  making  a 
topographical  and  geological  survey  in  the  country  lying  to  the  east- 
ward of  Nipigon  lake  and  river.  It  is  expected  that  the  work  of 
these  two  gentlmnen  wben  combined  with  my  own  in  one  sheet,  will 
give  a  very  accurate  representation  of  both  the  geology  and  topc^praphy 
(rf  this  whole  r^on. 

Mr.  W.  J.  Wilson,  o(  the  regular  sta^  assisted  by  Mr.  Thomas 
Daviee,  was  engaged  in  defining  more  accurately  the  boundaries  between 
the  Laurentian  and  Hnronian  rocks  in  the  region  lying  around  and  to 
(be  westward  of  Abitibi  lake  and  river.  His  work  is  shown  upon  the 
accompanying  preliminary  map. 

Mr.  Frank  Johnson  did  similar  work  in  the  country  to  the  east  ana 
south-east  of  the  same  lake,  and  his  results  are  also  indicated  on  this 
nuq).  In  both  casee  topographical  surveys  were  made  simultaneously 
with  the  geological  examinations,  and  a  complete  geological  map  of 
tbe  whole  of  the  Abitibi  country  is  now  being  oonstrncted. 
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The  writer  spent  part  of  the  Bammer  and  antumn  in  gaologioal 
■work—Cotu.  reaearchee  from  Kippews  lake  to  Grand  lake  and  in  the  region  to  the 
northvard  of  the  latter,  in  continuation  of  sarveys  and  explorations 
which  he  had  made  in  tiiat  district  ia  previous  years.  These  researches 
showed  the  existence  of  several  alternating  belts  of  Huronian  and 
gneissic  or  granitic  rocks. 

Dr.  Alfred  B.  Barlow  was  engaged  in  the  Sndbury  nickel  and  copper 
district  in  tracing  in  greater  detail  some  of  the  rock-formations  in  the 
same  area  which  be  had  assisted  me  to  inventigate  in  1887-90  and  which 
are  represented  on  the  geological  map,  published  with  my  reporton  the 
district  in  1890.  One  of  Dr.  Barlow's  principal  objects  was  to  ascer- 
tain whether  or  not  the  relative  richness  in  nickel  of  the  pyrrhotite 
ores  was  in  any  way  related  to  the  composition  or  other  characters  of 
the  diflfereat  eruptive  country-rocks  in  which  they  occur. 

Prof.  Frank  D.  Adams  continued  his  investigations  in  the  Haliburton 
district,  lying  to  the  north-east  of  Toronto,  where  he  and  Dr.  Barlow 
have  now  completed  a  geological  survey  of  a  large  area  of  highly  inter- 
esting rocks  belonging  mostly  to  the  Upper  Laurentian  system. 

Mr.  L.  N.  Richard  was  in  the  field  a  portion  of  the  season,  making 
some  topographical  surveys  in  the  western  part  of  the  area  covered  by 
the  Bancroft  map,  which  were  required  by  Dr.  Adams  in  order  to 
enable  him  to  lay  down  accurately  his  geological  lines  in  that  part  of 
the  sheet. 

Prof.  John  Macoun,  botanist  and  naturalist  to  the  Qeologioal 
Survey,  while  pursuing  investigations  in  bis  own  Division  around  the 
north  shore  of  Lake  Erie  and  the  east  shore  of  Lake  Huron,  also  made 
additions  to  our  knowledge  of  the  surface  geology  of  these  regions. 
He  made  a  special  investigation  as  to  the  fruit-growing  capabilities  of 
the  districts  examined. 

Dr.  Biobert  Chalmers  carried  out  during  the  summer  an  extensive 
reconnaissance  survey  of  the  superficial  deposits  of  the  interlake 
peninsula  of  Ontario,  together  with  some  investigations  into  the 
reanlts  of  boring  for  petroleum,  gas,  salt  and  water  within  the  same 
region.  Previous  to  Dr.  Chalmers'  work  the  superficial  geology  of  this 
region  had  been  more  or  less  investigated  for  the  Survey  by  myself  in 
the  early  sixties  and  later  by  Dr.  J.  W.  Spencer,  Mr,  F.  B.  Taylor, 
Prof.  Gilbert,  and  others,  as  amateurs.* 

*Dr.  Chalmen'  inveitigiitioDa  included  tbe  country  Bround  Londoii,  Ontuia 
After  his  return  in  the  aatunia  he  wm  r«iueated  by  the  city  engineer  and  n&ter  eom- 
tnUaioners  of  tbM  city  to  return  and  give  them  tbe  benefit  of  his  opinion  u  to  the  beat 
meana  of  seouring  a  large  and  reliable  supply  of  good  water.  He  aooeded  to  tbia 
invitation  and  hia  advice  will,  no  doubt,  prove  of  value. 
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Dr.  Henry  M.  Ami  was  instructed  to  perform  in  the  province  of  Field  office™ 
Quebec,  westward  of  the  city  of  the  same  name,  and  in  part  of  the  work— Conf. 
Ottawa  valley,  work  similar  to   that   assigned  to  Dr.  Chalmers  in 
Ontaria 

Mr.  E.  D.  Ingall,  mining  engineer  to  the  Surrey,  in  additioQ  to  bis 
usual  duties  in  connection  with  mines  and  miaeral  statistics,  completed 
his  report  on  tha  iron  ores  of  Eastern  Ontario  and  Western  Qnebec, 
and  it  has  lately  been  printed  for  the  department.  He  also  visited 
some  of  the  iron  mines  in  these  districts. 

Dr.  R.  W.  Ells  was  again  engaged  in  a  geolt^cal  survey  of  the  dis- 
trict around  Kingston  and  thence  east  and  west,  and  has  collected 
sufficient  data  to  map  out  the  boundaries  of  the  varians  palceozoic  ^ 

formations  in  that  part  of  the  country. 

Principal  J.  A.  Dresser,  of  St.  Francis  College,  Richmond,  P.Q-, 
was  engaged  during  his  vacation  in  making  a  petrographic  study  of 
Brome  mountain,  east  of  Montrpal.  In  previoQs  summers  Principal 
Dresser  had  made  similar  studies  of  some  of  the  other  isolated  iutrti- 
sive  masses  in  the  province  of  Quebec,  and  these,  together  with  the 
studies  of  Mr  LeRoy  and  Professors  HarringtoD  and  Adams,  i^mplete 
our  knowledge  of  the  lithological  character  of  all  the  isolated  moun- 
tains in  the  remarkable  chain  extending  from  Bigaud  on  the  west  to 
Brome  on  the  east. 

Prof.  A.  Osann,  of  Miilhansen,  Germany,  has  completed  a  highly 
interesting  report  on  his  petrographic  studies,  both  in  the  field  and 
lidmratory,  in  r^ard  to  a  variety  of  crystalline  rocks  occurring  f^ast, 
west  and  north  of  Ottawa  city.  This  report,  which  is  well  illustrated^ 
is  now  in  pre«s. 

Prof.  Laflamme,  of  Laval  University,  carried  out  a  further  geological 
examination  of  the  Island  of  Anticosti,  in  the  month  of  the  St. 
Lawrence,  on  behalf  of  the  Geological  Survey.  In  doing  this  he  has 
added  considerably  to  our  general  acd  geological  knowledge  of  this 
lai^  iaJand,  and  has  brought  home  a  collection  of  the  fine  fossils  which 
occur  there  in  the  Uiddle  Silurian  rocka 

Prof.  L.  W.  Bailey,  of  the  University  of  New  Brunswick,  made 
farmer  researches,  on  behalf  of  the  Survey,  into  the  geology  of 
•onthem  New  Brunswick,  and  also  did  some  work  on  the  Carboniferous 
of  tlie  northern  part  of  the  province. 

Prof.  H.  8.  Poole,  of  Dalhousie  University,  Halifax,  was  requested 
to  investigate  the  whole  coal  problem  in  New  Brunswick,  with  a 
^)eci*l  viev  to  determining  whether  or  not  workable  coal  seams  might 
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Field  offioen  be  foand  by  boring  in  any  part  of  the  wide  dist^bntioa  of  the  Carboo- 
work— Coni.  iferons  rooks  in  the  north-eastern  part  of  the  province.  In  performing 
this  work  Mr.  Poole  wm  assisted  for  a  part  of  the  time  by  Dr.  L.  W. 
Bailey. 

Mr.  Lawrence  W.  Watson,  of  Gharlottetown,  F.KI.,  andertook 
certain  scientific  researches  in  the  Provinoe  of  Prince  Edward  Island, 
in  which  bat  little  ofGcial  geological  work  hod  heretofore  been  done. 
The  results  of  Mr.  Watson's  inveatigations  promise  to  lead  to  interest- 
ing results  in  some  of  the  lines  he  took  np. 

Dr.  George  F.  Matthew  continued  field-work  in  connection  with 
his  palteontological  studies  in  Cape  Breton.  He  is  preparing  a  general 
report  (which  will  be  illustrated)  as  to  the  palnontological  results  of 
several  years  work  in  the  lower  provinces. 

Mr.  E.  B.  Faribault,  who  has  made  geological  surveys  of  most  of  the 
gold  mining  districts  in  Nova  Scotia,  continued  his  investigations  in 
Hob  direction  during  the  whole  seaeon.  Mr.  Faribault  has  now  been 
enabled  to  demonstrate  the  true  history  and  origin  of  the  gold-bearing 
reins  of  these  districts. 

Mr.  C.  O.  Sen6cal  was  engaged  part  of  the  season  in  Nova  Scotia  in 
running  base  lines  with  a  view  to  connecting  the  gold  district  plans 
prepared  by  Mr.  Faribault,  and  also  to  securing  accuracy  of  position  as 
to  certain  geological  work  heretofore  done  by  the  Survey  in  Nova  Scotia. 

Mr.  Hugh  Fletcher  continued  the  work  in  Nova  Scotia  in  which  he 
has  been  engaged  during  the  last  thirty  years.  He  has  now  nearly 
completed  bis  geological  survey  of  the  coal-fields  and  was  mare  particu- 
larly occupied  this  summer  in  Cumberland  County.  Mr.  Fletcher  baa 
finished  ten  map-sheets,  showing  details  of  the  geology,  especially  in 
the  north-eaatem  half  of  Nova  Scotia,  as  the  result  of  hia  labours 
during  the  latter  part  of  the  above  period.  These  have  been  engraved 
and  it  is  expected  they  will  be  published- during  the  present  winter. 

Mr.  C.  W.  Willimutt  was  in  the  field  all  summer,  engaged  in  collect- 
ing supplies  of  minerals  and  rocka  to  be  used  in  meeting  the  demand 
from  educational  institutions  for  specimens  for  illustration  in  teaching 
mineralogy  and  geology.  The  collections  of  good  specimens  which  are 
sent  by  the  Survey,  under  certain  conditions,  to  nniversities,  collegiate 
institates,  academies  and  schools,  all  over  the  Dominion,  constitute  a 
very  important  adjunct  in  the  teaching  of  mineralogy,  Mr.  Willimott, 
who  bos  had  mnch  experience  in  collecting  and  knows  the  best  localities 
to  go  to  for  the  minerals  required,  worked  in  the  provinces  of  Ontario, 
Quebec,  New  Brunswick  and  Nova  Scotia.     He  sent  in  a  large  supply 
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of  good  moiterul  for  the  ftbore  porpooe  and  also  m&ny  fine  apeci-  ITield  offioen 
mens  enitable  for  exhibition  in  our  own  moBenm.     The  resattB  of  his  work—Oont. 
labours  are  given  more  foltj  in  Dr.  Hoffinaim's  report      We  are 
indebted  to  several  managers  and  owners  of  mines,  qnarries,  fto.,  for 
sending  as  generous  qaantitdea  of  material,  thus  saving  Mr.  Willimott 
the  neceaoit J  of  going  himself  fur  it. 

Hr.  R.  L.  Broadbent  made  some  tripe  to  the  field  for  the  parpose  of 
obtaining  mineral  specimens  required  for  the  museum  as  well  as  for 
the  .educational  collections.  His  work  is  also  referred  to  in  Dr.  Hoff- 
muut's  report. 

We  are  indebted  to  Mr.  Henry  CSullivan,  P.L.S.,  of  Quebeo  for  Oatmde  wd. 
tracings  of  his  surveys  on  the  southern  and  eastern  shores  of  James 
bay ;  and  we  expect  to  receive  a  good  deal  of  interesting  geographical 
and  geological  information  from  several  persons  not  connected  with  the 
department  who  have  been  travelling  in  some  of  the  northern  parts  of 
the  Dominion.  Some  of  the  former  members  of  the  staff  have  also 
kindly  promised  to  contribute  their  geological  obeerratioiis  over  wide 
areas  which  will  always  help  to  fill  in  the  geolc^cal  map.  Among 
these  are  Mr.  J.  B.  Tyrrell  of  Dawson,  Ur.  A.  P.  Low  and  Mr.  J. 
Uackintoeh  Bell. 

Mr.  A,  P.  Low  resigned  from  the  Survey  early  in  1901  in  order  to  Mr.  A.  P. 
accept  a  position  offered  him  by  a  syndicate  of  United  States  capital- 
ists. He  proceeded  to  the  eoatem  coast  of  the  Hudson  bay,  in  order, 
amongst  other  things,  to  locate  mining  claims  on  the  extensive  manga- 
Qtferous  iron  deposits  which  were  discovered  by  me  on  the  Naatapoka 
islands,  in  that  region,  in  1877  and  described  in  my  report  of  the  same 
year.  Before  leaving,  Mr.  Low  promised  to  try  to  send  to  the  Survey 
reports  and  maps  showing  the  geological  information  which  he  might 
incidentally  acquire  in  connection  with  bis  present  work. 

Mr.  J.  Mackintosh  Bell,  who  had  accompanied  me,  as  assistant,  Mr.  J.  M. 
to  Great  Slave  lake  in  1899  remained  at  that  lake  during  the 
following  winter  in  order  to  proceed  on  an  exploration  of  Great  Bear 
lake  and  the  surrounding  country  the  next  summer.  Betuming  in 
the  end  of  1900,  be  completed  a  map  and  report  of  his  work  for  the 
Survey,  afMr  which  he  accepted  a  position  as  explorer  and  geologist, 
o&red  by  Mr.  F.  H.  Clergue  of  Sault  Ste.  Marie.  He  worked, 
aided  by  two  assistants  whom  he  detached  separately  from  bis  own 
party,  between  Lake  Superior  and  the  east  side  of  James  bay.  It  is 
expected  that  Mr.  Clergue  will  ultimately  give  the  Survey  the  benefit 
of  Mr.  Bell's  purely  geological  results  in  the  above  region. 
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The  primaiy  object  for  which  the  Geological  Survey  wu  instituted 
and  for  which  it  is  being  carried  on  ie  to  aid  in  the  development  of  the 
mineral  resources  of  Canada,  and  the  constant  aim  of  those  engaged 
in  ite  work  is  to  carry  out  this  object  in  the  best  possible  way  and  by 
methods  approved  by  intelligent  men  who  have  a  knowledge  of  how  the 
end  in  view  can  be  best  attained.  This  is  not  by  an  indiscriminate 
search  for  individual  "  mines "  without  regard  to  the  nature  of  the 
Titcks,  bat  by  scientific  and  systematic  methods  based  on  knowledge 
and  experience  gathered  by  educated  men  all  over  the  world. 

Among  the  first  things  which  a  geological  survey  requires  to  do,  is 
to  trace  out  the  geographical  distribution  of  the  various  rock  forma- 
tions, some  of  which  carry  economic  minerals,  while  others  do  not.  It 
is  important  to  point  out  where  such  jiioerala  are  not  to  be  found  as 
well  as  where  they  may  be  looked  for  with  success.  In  the  case  of 
metals  and  their  ores,  the  conditions  and  modes  of  occurrence  are 
studied  by  our  field  geolo^fists,  so  that  the  effort?  of  the  prospector 
may  be  properly  directed  and  his  attention  confined  to  ihe  most  promi- 
sing parts.  A  study  of  the  conditions  of  occurrence  of  any  ore  which 
may  be  found  in  a  particular  formation  will  enable  us  to  judge  intelli- 
gently as  to  the  probability  of  the  discovery  of  such  ore  in  workable 
quantity  or  otherwise. 

In  the  case  of  economic  minerals  of  a  non-metallic  character,  such 
as  coal,  petroleum,  salt,  fire-clay,  etc.,  a  knowledge  of  the  structure, 
composition,  geological  age  and  other  matters  in  regard  to  a  rock 
formation  may  enable  the  geologist  to  pronounce  upon  the  probable 
occurrence  of  such  minerals,  their  depth  from  the  surface  at  any  given 
point,  or  as  to  any  other  circumstance  in  connection  with  them,  with 
an  accuracy  which  would  be  impossible  to  a  person  who  had  not 
this  geological  knowledge.  The  information  obtained  by  the  joint 
labours  of  large  numbers  of  geologists  during  a  long  period  and  in  all 
parts  of  the  world,  has  been  brought  together  by  a  free  interchange 
of  knowledge  in  a  scientifio  spirit.  It  has  become  the  common 
property  of  all  and  may  be  utilized  by  anyone  who  has  been  trained  to 
undeiBtund  such  subjects.  The  above  two  examples  of  the  utility  of 
a  geological  survey  are  given,  out  of  many  that  might  be  cited.  But 
surely  in  this  enlightened  age,  it  should  not  be  necessary  to  defend 
the  valne  of  scientific  knowledge  and  experienoe  in  connection  with 
such  investigations  as  are  entrusted  to  the  Geologioal  Survey.  1  wish, 
however,  to  call  attention  to  the  eminently  practical  character  of  all 
the  branches  of  work  carried  on  by  the  department 

As  the  nature  of  the  various  operations  of  the  Survey  above  referred 
to,  seems  to  be  imperfectly  understood  by  many,  a  few  words  of  expla. 
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n&tioQ  may  not  be  oat  of  place.  These  operations  may  be  divided 
into  field  aad  home  work.  The  former  coneiata  in  obtaining  original 
information  ia  various  parte  of  the  coantry ,  collecting  Bpecimens  for 
further  examination,  etc.  This  work  ia  done  almost  entirely  in  the 
open  sesaon.  The  elaboration  of  this  information  ia  carried  on  mostly 
at  headquarters  in  the  winter  by  the  same  men,  with  help  from  the 
draughtsmen,  chembta,  iithologista,  palaeontologists,  or  other  members 
of  the  indoor  staff. 

Much  of  oar  work  being  prosecuted  in  unsurveyed  and  even  unex-  Topognpbical 
plored  territory,  topographical  surveying  becomes  *  prominent  part  of 
car  duty.  It  would,  of  noarae,  be  of  little  use  for  onr  ofGoers  to  do 
geological  work  in  previously  unexplored  districts,  if,  on  their  retttrn, 
they  could  not  represent  it  in  its  proper  geograpbioal  position.  Each 
field  man,  therefore,  reqnirea  to  be  a  topographical  surveyor,  as  welt 
as  a  geologist.  Ic  will  thus  be  seen  that  the  qualifications  of  a  field 
geologist  in  Canada  most  be  of  a  much  wider  and  more  varied  char- 
acter than  would  be  required  in  an  older  country,  where  the  topo- 
graphy is  already  well  represented  on  the  maps.  Our  geographical  work  Vftrioaa  kinds 
embraces  surveying  of  all  kinds,  from  accurate  measurementB  of  bane 
lines  to  track  surveys  and  mere  explorations.  It  includes  triangula- 
tion  of  lakes,  sea  coasts  and  mountainous  regions,  surveys  on  land  by 
transit  and  chain,  odometer,  pacing,  etc. ;  on  water  by  micrometer 
telescopes,  boat  logs  and  time  reckoning.  Observations  for  latitude 
and  longitude  require  to  be  made  at  frequent  intervals,  especially  in 
the  more  distant  regions.  Altitudes  should  be  taken  everywhere, 
either  by  barometer  or  spirit  level.  When  working  on  the  water, 
soundings  are  made  as  often  as  pMissible.  Sooner  or  later  all  such 
facts  prove  valuable,  and  they  oan  be  noted  by  an  energetic  man  in 
connection  with  working  out  the  geology.  In  order  to  be  able  to 
carry  on  work  in  the  wild  or  uninhabited  parte  of  the  country,  the 
geologist  requires  to  understand  the  selecting  of  suitable  men  for  the  Geol«ut« 
work,  the  equipment  and  m&nogeDient  of  a  party  under  varying  oon- 
ditioos,  far  from  civiliza'jon,  methods  of  travel,  of  finding  food  in 
wild  regions,  etc.  Unforeseen  difficulties  often  arise  which  require 
patience,  skill  and  enduranoe  to  overcomes.  The  geologist  in  charge 
of  a  party  in  rt-mote  regions  must,  therefore,  be  a  man  of  energy, 
resources  and  experience. 

Geolc^  being  the  prime  object  of  thc^e  surveys  and  explorations, 
the  man  in  charge  of  one  of  our  parties  requires,  in  addition  to  the 
topography,  to  attend  constantly  to  recording  a  variety  of  observa- 
tions as  to  Uie  nature  ot  the  rocks,  their  distribution,  dip  or  strike, 
the  run  of  veins,  joint  and  cleavage  planes,  dykes,  etc.,  glaoiation  or 
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other  snrEaoe  oonditions,  the  anperficuJ  deposits,  etc ;  he  requires  also  to 
ooliect  uid  label  spedmeiu  of  rocks,  minerkls  and  foBsik.  ParticnUr 
attention  is  directed  to  the  ooonrreace  of  useful  minerals  and  rocks  of 
Any  kind  in  new  districts  and  to  the  examination  of  any  discoveries, 
and  to  workings  hy  prospectors  and  miners,  with  a  view  to  his  form- 
ing a  correct  estimate  of  the  oatlook  for  mining  or  qnarryiDg  Id  such 
districts. 

While  working  in  new  territory  we  also  take  advantage  of  the  oppor- 
tonitj  to  obtain  heights  of  banks  or  otifis,  hiUs  and  mountains  and 
comparative  levels  of  waters,  grades  and  depths  of  streams  and  lakes, 
records  of  the  temperature  of  the  air  and  water  and  of  other  metero- 
logioal  observations  as  indications  of  climate,  notes  as  to  the  kinds 
aad  charaoters  of  the  forest  trees  and  on  the  flora  generally  ;  also  as 
to  the  fanna,  the  oolleotion  of  zoological  and  botanical  specimens, 
making  notes  on  the  nature  of  the  surface  of  the  oonntry,  whether 
hilly  or  level,  rocky,  swampy  or  covered  with  soil,  the  character  of  the 
land,  and  on  various  other  matters.  We  also  enquire  from  the  natives 
as  to  the  topof^phy,  etc,  of  regions  beyond  our  own  explorations. 
Kiotogiaphs  are  taken  to  illustrate  the  geology,  scenery,  the  character 
of  streams,  etc.  All  these  duties  being  carried  on  by  the  same  peraon, 
in  addition  to  bis  general  management  of  the  party  and  pushing  on 
of  the  work,  require  constant  attention  and  labour  and  they  often 
involve  danger  and  privation,  as  well  as  discomfort  from  the  weather, 
the  plague  of  mosquitoes  and  various  other  insects,  and  are  unaccom- 
panied by  any  of  the  comforts  and  advantages  enjoyed  in  civilized 
parts. 

Among  the  nnmerous  and  varied  branches  of  work  prosecuted  by 
'  the  atsff  at  headquarters  is  map-drawing  in  all  its  departments,  super- 
vision of  map-engraving,  the  preparation  of  reports  giving  the  results 
of  the  different  kinds  of  work  being  done,  looking  after  the  printing 
and  illastration  of  these  reports,  testing,  assaying  and  analysing  ores, 
rocks,  coals,  clays,  sands,  waters  and  mineral  substances  generally,  the 
business  of  the  Section  of  mines  and  mineral  statistics,  petrographic 
work,  preservation,  determination,  desoripcion  and  utilization  of  the 
fossils  collected  and  the  illustration  and  publicacion  of  the  results  of 
palceontologioal  reeearch,  lapidary  work,  the  preservation,  determina- 
tion and  mounting  of  zoological  specimens,  studies  in  connection  with 
the  fauna  of  our  vast  conntry,  including  entomology,  the  mounting, 
naming,  cataloging,  classification  and  the  description  of  new  species 
and  varieties  of  the  plants  collected,  the  study  of  the  economic 
results  of  botanic  researches  in  the  field,  the  supplying  of  good  named 
and  catalogued  collections  of  specimens  of  minerals  and  rocks  U)  edu- 
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eationftl  inatitatkHu  ot  vmoxa  grades,  from  «l«in«ntairy  Bohools  to  oni- 
▼ersitiea,  after  we  have  collected  theK  from  widely  Mpamted  parte  of 
the  Dominion,  work  csonnected  with  the  archnological  oollectiona,  with 
the  aoooQDtants'  bnuioh,  with  the  care  and  increase  of  the  library,  the 
Bale  and  diatribntion  of  the  maps,  reports  and  other  publication§  of  the 
Sorrey,  the  care  of  the  difierent  departments  of  the  mnaeiun,  the  varied 
duties  of  the  secretary,  photographic  work,  attending  to  daily  personal 
anqniriea  on  a  great  range  of  nibjects,  and  the  oorrespondenoe  con- 
nected with  every  branch  erf  the  service. 

The  correspondeaoe  of  the  office  covers  a  wide  range  of  topics  5"^^^^ 
of  the  most  varied  character,  embracing  enquiries  on  almost  every  d«Doe. 
snbjeot  connected  with  geology,  geography,  mapping,  rocks,  ores, 
minerals  and  materials  of  all  sorts,  mines,  mining,  markets  and  statis- 
tics of  mineral  products,  chemistry,  metallurgical  questions,  forests 
and  timber,  flora,  fruit-col  tore,  fauna,  protection  of  game  and  fish, 
hunting,  fishing  and  travellii^  in  wild  parts  of  the  country,  engineering, 
surveying,  exploring,  characters  of  wild  and  settled  regions,  sub-division 
of  land,  health  resorts,  information  for  proposed  visitors  and  imroi- 
gnmts,  climate,  mineral  statistical  the  naming  of  specimens  and  of 
whole  collections,  questions  in  geology,  paleontology,  biology  and  nearly 
all  the  natural  sciences,  as  to  aboriginies,  surveys  and  instruments, 
values  and  uses  of  economic  minerals,  as  to  text-books,  requests  for 
information  on  a  great  variety  of  scientific  subjects.  Many  of  the 
letters  refer  to  matters  altogether  foreign  to  any  branch  of  our  work. 
One  of  the  more  nnmerous  classes  of  letters  is  Uiat  asking  far  our 
reports,  maps  and  other  publications,  which  now  number  657  titles, 
of  which  607  are  enumerated  in  the  last  List  of  Publications  of  the 
Survey,  which  is  sent  free  to  applicants.  A  nominal  charge  is 
made  for  these  publications  to  prevent  an  indiscriminate  demand  from 
persons  having  no  real  need  of  tbem.  The  above  example  will  serve 
to  illustrate  the  main  features  erf  the  correspondenoe  carried  on.  The 
letters  and  enquiries  received  relate  to  almost  every  scientific  subject 
except  electricity.  Some  of  the  demands  are  far-reaching  and  elabo- 
rate, and  require  voluminous  answers,  the  preparation  of  which  con- 
sumes the  time  of  the  higher  officers  of  the  Survey.  Id  fact,  tiie 
department  seems  to  be  considered  a  bureau  of  free  information  on  all 
subjects  snch  as  those  which  have  been  mentioned.  All  letters  are 
answered  promptly ;  and  we  are  frequently  thanked  by  the  correspon- 
dento  for  the  pains  we  have  taken  to  satisfy  them. 

The  supplying  of  all  this  iuforoiation,  both  by  letter  and  to  personal  **°*^  resalM. 
applicants,  as  well  as  the  numerous  other  services  rendered  in  the 
various  ways  above  indicated,  most  be  of  great  assistance  to  the  appli- 
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cants,  and  it  constitutes  an  important)  means  of  promoting  the  progress 
of  the  country.  Having  the  necceaary  information  on  the  above  subjeoCs, 
together  with  the  extensive  personal  knowledge  of  the  remoter  parts 
of  the  Dominion,  possessed  by  varions  members  of  the  atafi  enables 
the  Survey  to  give  valuable  and  reliable  infonnation  to  inquirers  hotii 
at  h<»ne  and  abroad  on  almost  any  sabject  relating  to  Canada. 

Maps. 

The  value  of  accurate  maps  in  connection  with  the  delineation  of 
geological  formations  was  fully  appreciated  by  the  late  William  Logan 
from  the  beginning  of  the  Survey  and  was  dwelt  upon  by  him  in  the 
Mnpti  earlier  reports.     He  collected  assiduously  all  charts  and  maps,  whether 

printed  or  in  manuscript,  relating  to  Canada  and  secured  any  desirable 
collections  which  could  be  obtained  by  purchase.  In  tiiis  way  large  num- 
bers of  maps  were  acquired  from  surveyors  and  others  which  it  would 
be  impossible  to  obtain  at  the  present  day.  Copies  were  made  of  all 
serviceable  maps  and  plans  in  the  Crown  I^nds  Offices  of  both  Tipper 
and  Lower  Canada  and  the  surveys  which  were  carried  on  for  j^logi- 
oal  purposes  were  often  the  means  of  making  important  corrections 
in  these. 

Later  on  in  the  progress  of  the  country,  when  explorations  and 
surveys  were  being  made  for  railways,  boundary  lines,  lumbering 
operations  and  other  purposes,  tracings  of  the  resulting  maps  and 
plana  were  secured  as  soon  ils  possible.  It  was  in  this  way  that  copies 
^'"'"  .  of  a  large  proportion  of  tho  plans  of  the  government  survey  of  the 
Canadian  Faci6c  Railway  were  preserved  at  the  time  the  offices  of  this 
survey  were  burnt  and  the  originals  destroyed  at  Ottawa  in  1872. 

But  above  all,  the  extensive  surveys  and  explorations  which  have 
been  made  by  the  geological  staff  itself,  year  after  year,  throughout 
the  comparatively  long  period  during  which  its  operations  have  brn 
carried  on,  have  been  the  means  of  mapping  out  the  principal  part  of 
Topogiwihf  what  is  known  of  the  topogra^iby  of  Canada.  The  maps,  plans  and 
charts  in  our  collection,  anx,  counting  those  of  small  areas,  now  numlier 
about  20,000.  It  is  safe  to  say  this  is  the  largest  and  most  valuable 
collection  of  such  documents  in  the  Dominion,  and  it  constitutes  the 
most  precious  part  of  the  property  of  the  department.  The  Survey  is 
now  in  the  sixtieth  year  of  its  existence  and  the  necessary  topographical 
surveys,  incidental  to  the  geologii?al  investigations,  are  beinf;  prose- 
cuted mora  vigorously  than  ever  and  over  a  moch  wider  range  than  in 
the  earlier  years,  when  only  two  provinces  claimed  attention,  instead 
oi'  half  a  continent. 
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It  may  be  aaid  that  the  Oeological  Survey  is  the  only  diatinctly 
topographical  branch  of  the  public  service  and  that  the  large  number 
of  mape  which  it  haa  produced  from  time  to  time  have  always  been 
recognized  as  the  most  accurate  obtainable  in  regard  to  topography,  to  Accuiaoj 
say  nothing  of  their  primary  object — ^the  K^log?  which  th^  represent. 
Oar  published  maps  already  number  about  360,  while  considerable 
■dditiona  are  in  various  stages  of  preparation,  and  we  have  on  hand  the 
data  for  the  construction  of  many  more.  The  cost  of  producing  these  Small  coat. 
maps,  from  tbe  original  survey  by  the  officers  of  the  staff,  the  drafting, 
compiling,  etc,  up  to  the  finished  eugraving,  has  been  extremely  small 
in  comparison  with  their  utility  and  value  to  the  country.  An 
iiiinienw  amount  of  work  has  still  to  be  done  before  the  remainder  of 
evuj  the  habit^le  fiarta  of  the  Dominion  are  mapped  out,  but  with 
the  increased  facilities  now  at  the  disposal  of  the  department,  this 
work  can  be  prosecuted  even  more  rapidly  and  economically  than  before. 

The  process  of  carrying  on  a  geological  survey  of  such  a  vast,  and 
for  tbe  most  part,  unsnrveyed  country  as  Canada,  must  necessarily  be 
entirely  different  from  the  methods  employed  in  well  surveyed  and 
comparatively  small  countries.  The  geol<^  of  Canada  has  been  Methods 
already  outlined  witb  more  or  less  completeness  in  tbe  older  parts  of 
tbe  country,  that  is,  in  regions  where  the  lands  have  been  divided  up 
and  settled,  although  even  hsre,  much  remains  to  be  done  in  some 
diatrictc,  but  in  the  greater  part  of  the  area  of  the  Dominioa  the  need 
of  surveys  for  other  than  geological  purposes  has  not  been  sufficiently 
pressing  to  justify  the  great  expenditure  which  would  be  required  to 
make  topographical  or  cadastral  surveys  far  in  advance  of  immediate 
requirement& 

It  has,  therefore,  remained  for  tbe  Geological  Survey  to  do  its 
topc^raphical  work  simultaneously  with  the  geological,  and  thus  the 
country  has  had  tbe  benefit  of  both  at  a  remarkably  email  cost.  The  SimultaiieoaB 
Survey  has  thus  been  a  most  useful  institution  for  the  general  progress 
of  tbe  country,  and  as  no  better  method  could  be  employed,  the  same 
topographical  system  must  continue  if  we  are  to  have  the  whole  conu- 
tey  mapped  out  at  all,  and  as  the  geological  work  adds  little  or  nothing 
to  tbe  cost,  we  might  as  well  have  it  done  at  the  same  time. 

The  long  experience  of  sixty  years  which  tbe  Survey  has  had  in 
carrying  on  these  combined  surveys  Id  i^  parts  of  British  North  Sixty  years' 
America,  from  Nova  Scotia  to  the  7nkon  and  Lower  McKenzie,  and  ^^1^"°'"^' 
from  Vancouver  Island  to  Baffinland,  has  developed  a  very  efficient 
system  for  the  execution  of  this  work,  both  as  regards  accuiracy  and 
rapidity  on  the  one  hand,  and  economy  of  expenditure  on  the  other. 
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The  methods  pursued,  aad  the  resultB  obtained,  have  always  met  with 
the  highest  approval  from  all  impartial  persoos  capable  of  judgiag. 

Whether  the  particular  survey  to  be  made  be  one  requiring  iastru- 
mental  occaracy,  or  one  of  those  carried  on  by  rougher  methods  in 
previously  unesplored  regions,  where  long  distances  or  large  areas  are 
covered  in  a  short  time,  the  officer  in  charge  of  the  party  and  his  profes- 
sional assistant  work  together  at  both  the  topography  and  the  geology. 
Mkp-n»kiBt(.  On  returning  to  winter  headquarters,  the  plotting  and  preliminary 
work  on  the  map  are  done,  mostly  by  the  assistant,  but  partly  by 
both,  with  perhaps  the  assistance  of  a  draughtsman,  and  the  compila- 
tion of  the  map,  on  the  scale  adopted  for  publication,  is  proceeded  with 
and  carried  to  completion  under  the  supervision  of  both  the  geographer 
and  the  geologist  or  his  assistant.  When  the  compilation  is  sufficiently 
advanced,  the  geologist  writes  his  report,  which  he  could  not  do  with- 
out the  map.  All  the  geologists  being  engaged  in  a  similar  way,  a 
number  of  valuable  original  maps,  combining  topography  and  geology, 
are  wholly  or  partly  constructed  every  winter,  and  the  field  geologists 
and  their  assistants  are  ready  to  go  back  again  to  the  outdoor  work  as 
soon  as  the  season  comes  round.  During  summer,  when  the  geologists 
are  away  in  the  field,  the  geographer  and  his  assistants,  being  relieved 
of  much  of  the  work  of  compilation,  can  devote  more  time  to  the 
drawing  for  the  engraver  of  such  maps  as  have  been  completed, 
correcting  proofs  of  new  maps,  and  otherwise  facilitating  tbeir  final 
production. 

It  will  thus  be  seen  that  the  topographical  and  geological  map-work 
United  work  must  necessarily  be  done  in  the  same  office.  The  geologist  must  oonfer 
constantly  with  bis  assistant  and  both  with  the  geographer  and  chief 
draughtsman  in  order  to  produce  the  best  possible  map  from  the 
materials  obtained  in  the  field,  and  he  mast  lay  down  the  geoli^y  at 
the  same  time  as  the  topography.  The  presence  of  a  number  of 
geologists  and  topographers  under  the  same  roof  is  mutually  beneficial 
and  promotes  an  esprit  de  corps.  The  men  take  a  pride  and  an  interest 
in  their  work,  and  they  regard  the  professional  credit  which  it  may 
bring  them,  if  well  done,  as  of  more  importance  than  the  pecuniary 
remuneration  they  receive. 

Under  the  existing  system,  which  was  inaugurated   nearly  sixty 
years  ago  by  the  late  Sir  William  Logan,  the  department  has,  so  far, 
secured  the  services  of  a  superior  class  of  scientific  men,  who  would  not 
give  up  their  time  and  talents  unless  they  obtained  full  credit  for  all 
Control  of        branches  of  this  work.     Geological  surveys  in  all  countries  control  the 
laap-wor  iasue  of  their  own  maps.     The  mapping  of  the  topt^raphical  and 

geologiokl  work  of  the  gentlemen  only  temporarily  connected  with  the 
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<lapartinent,  which  has  beea  already  referred  to,  oonld  only  be  done 
nnder  the  immediate  control  of  the  Survey,  and  it  vorke  in  well  with 
<xiT  orjpuiizatdoii,  which  includes  a  number  of  skilled  draughtBmea  who 
do  DO  field-work  themselves. 

A  system  of  map-making,  differing  from  the  above,  was  tried  for  a 
time  with  less  snooess  in  the  Geological  Survey  office.  It  oonsiited  in 
attempting  to  construct  the  map  from  the  field  data,  independent  of 
the  geol<^te  and  assistants  who  had  done  the  field-work.  But  thia 
method  has  been  abandoned  as  unsuited  to  our  requirements.  The  Unauitable 
present  system,  which  is  conservative  of  both  time  and  energy,  has  abauduned. 
been  evolved  in  all  its  details  after  a  very  long  experience  in  the 
various  branches  of  the  work,  and  it  has  proved  to  be  the  best  that 
can  be  followed. 

The  department  aims  at  the  systematic  division  and  arrangement  of 
the  work.  The  geologist  mnst  have  constant  access  to  all  maps  which 
may  refer  to  the  region  he  is  working  upon.  Our  maps,  being  con- 
sfa^cted  from  surveys  under  our  own  control,  with  the  addition  some- 
times of  other  reliable  data,  are  alwaj-s  up-to-date  and  contain  the 
newest  and  most  accurate  information.  These  maps,  together  with 
the  Summary  and  Annual  reporte,  are  given  to  the  public  at  the 
earliest  possible  moment,  but  a  certain  amount  of  time  is,  of  course,  ^^rly  issue 
required  for  the  drawing  and  engraving  of  good  maps.  From  the  fact  majiii. 
that  they  show  both  the  geology  and  the  topography  as  accurately  as 
they  are  known,  our  maps  have  come  to  be  regarded  as  the  best  guides 
for  travellers  and  prospectors,  especially  in  new  regions,  and  they  con- 
stitute a  disdnct  advance  in  the  proper  mapping  of  the  country. 

Since  the  department  requires  to  construct  the  best  possible  maps  in  Other  naea. 
order  to  lay  down  its  geological  work  on  various  scales,  and  as  it 
already  possesses  the  largest  and  richest  collection  of  maps  extant, 
referring  to  all  parts  of  the  Dominion,  and  which  have  been  obtained 
larf^y  by  its  own  labours,  its  baae-mape  of  the  whole  country  or  of 
«ny  portion  thereof,  on  such  scales  as  may  be  required,  could  be 
ntilized  both  on  account  of  their  aocuracy  and  for  the  sake  of  economy, 
as  well  as  to  save  duplication,  in  the  future  production  of  reliable  mape 
for  the  special  purposes  of  any  of  the  other  Departments. 

The  first  large  general  geological  map  of  Canada  was  published  in  QenKiul 
1866.     In  order  to  show  the  relations  of  the  geological  formations  of  ^j^f  "^' 
Canada  to  those  of  the  United  States,  it  includes  a  large  part  of  that 
eountry  and  eztonde  from  Newfoundland  westward  to  the  Qn'Appelle 
river,  in  what  is  now  the  province  of  Manitoba.     It  is  on  a  bg^  of 
25  miles  to  an  inch  and  is  very  finely  engraved  on  steel.    The  next 

H 


ib.Google 


20   A  GEOLOGICAL   SURVBY   UKPARTHKNT 

general  map  issued,  shows,  ia  a  lesa  detaiied  maimer,  the  geology  of 
the  DomimoD  from  the  Atlantic  to  the  Pacific,  bnt  it  ezt«nda  north 
only  to  Newfoundland  in  the  e«8t  and  Great  Slave  lake  in  the  west. 
It  is  on  &  scale  of  13  miles  to  an  inch  and  was  producd  by 
lithography. 
New  geologi'  A.  map  on  a  scale  of  QO  miles  to  an  inch,  to  show  the  geology  of  the 
DoDiiniua.  Dominion,  aa  far  as  known  up  to  1902,  is  now  in  the  engraver's  bands, 
and  it  is  expected  that  the  western  half  of  it  will  be  ready  for  distri- 
bution th«  present  winter.  It  is  done  on  stone  and  shoa-s  the  country 
OS  far  north  as  Hudson  Strait  on  the  east  and  Great  Bear  lake  on  the 

ANALTSEB,  ASSAYS  AND  EXAHINATIOXS  OF  MUTBRALU. 

Chemical  The  report  of  the  Chief  Chemifit  and  Mineralogist  for  the  year  just 

work.  closed,  in  regard  to  the  work  of  his  Division,  shows  the  great  importance 

of  this  branch  of  the  Survey.  Dr.  Hoffmann  and  his  two  assistants' 
have  been  engaged  principally  in  the  nzamination,  assay  or  aaaljais 
of  the  specimens  received  from  the  field  geologists.  Some  of  these 
were  of  geological  and  some  of  economic  interest.  They  embraced 
mineral  fuels  of  all  kinds,  ores  of  iron,  copper,  lead,  nickel,  silver,  gold 
and  other  metaU,  mineral  waters,  rooks  required  for  various  purposes, 
graphite,  clays,  marls,  shales,  sands,  ochres,  etc.,  and  of  many  of  the 
rarer  species  of  minerals.  But  in  addition  to  this  work,  these  gentle- 
men examined  during  the  year  705  samples  of  minerals  which  were 
brought  by  visitors  to  the  museum  or  sent  by  express  or  through  the- 
mails  by  miners,  prospectors,  explorers  and  others  from  all  parts  of  the 
Dominion  for  identification  or  information  regarding  thera.  Dr. 
Hoffmann  furnished  a  written  report  on  most  of  these  examinations  or 
Siimplee  Kent  analyses.  During  the  past  twelve  years  the  numbers  of  specimens 
etc  '  thvB  examined,  identified,  described  or  reported  upon,  as  given  in  the 

Summary  Reports  were  as  follow  : 

Year.  Specimens. 

1890 668 

1891 705 


ib.  Google 


■■>^]  8DHHABT  BBPOBT  21    A 

For  12  years,  8,616,  or  at  the  RTsnige  rate  of  718  a  year.  The  rules 
of  the  department  require  that  the  locality  of  occnrreace  bf  all  speci- 
mena  be  given  before  tbey  can  be  examined  or  analysed  in  the 
laboratory. 

The  minerala  for  which  informatjoa   was  sought  during  the  year, 
either  by  personal  application  or  by  correspondence,  included  the  fol-  MineralB 
lowing : —  »bout. 

Albertite,  asbestns,  barytee,  borax,  cement,  clays,  celestite,  chromic 
iron,  coal,  copper  oroa,  comndnm,  fireclay,  fuller's  earth,  gas  (natural), 
gold,  graphite,  granit«,  gypenm,  iniosorial  earth,  iron  ores,  kaolin, 
lepidolite,  limestone^  magneaite,  manganese,  marble,  marl  (shell),  mica, 
mineral  waters,  molybdenite,  nickel,  ochres,  peat,  platinum,  pyrite,  salt, 
selenite,  silver,  soapstone,  sulphur,  talc,  tugsten,  doc  ores. 

la  connection  with  these  inquiries,  the  Survey  has  been  the  means 
of  putting  parties  requiring  these  minerals,  etc.,  in  communication  with  ^^^j^'"' 
the  producers  or  owners  of  properties  where  tbey  occur,  thus  promot- 
ing the  development  of  various  resources  and  increasing   the  business 
of  tbe  country. 

Tbe  value  of  the  mineral  output  of  the  Dominion  is  increasing  very  Value 
rapidly.  In  1900  it  amounted  to»6M48,037,  while  in  1886  it  Bcarcely^J^^' 
exceeded  $10,000,000.  Tbe  figures  for  1901  are  not  yet  available,  but 
there  baa  been  a  further  increase  under  most  heads,  and  the  working 
of  mines  and  utiliEation  of  the  various  mineral  resources  of  the  coun- 
try are  rapidly  taking  a  foremost  place  in  the  great  industries  of 
Canada. 


COAL-BBABIKO   LAHDB  OF  THZ  CROW  S  NEBT   PASS   BBGION. 

According  to  the  provisions  of  Chapter  6,  60  and  61  Victoria,  1897,  Coallandjof 
the  I>irector  of  the  Geological  Survey  is  required  to  state  in  writing  pa^a 
bis  opinion  as  to  what  are  coal-bearing  lands  within  the  areas  which 
were  granted  by  tbe  government  of  British  Columbia  to  the  British 
Columbia  Southern  Bailway  Company,  its  successors  and  assigns  for 
ever,  as  subsidy  earned  by  tbe  Canadian  Pacific  Railway  Company 
under  an  agreement  with  the  former  company  and  the  Dominion  of 
Canada  in  the  construction  of  the  Crow's  Nest  Pass  Railway.  On  tbe 
15th  of  October  I  was  requested  by  tbe  Minister  of  the  Interior  to 
repoiti  according  to  the  requirements  of  the  above  mentioned  Act,  and 
my  return,  illustrated  by  a  geological  map,  was  furnished  on  tbe  17tb 
of  tbe  month. 
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Surveys  of  In  1900,  b;  direction,  of  the  gOTemm«at,  a  topc^raphical  snrvffjr  of 

.he  region  waa  made  by  Mr.  H.  0.  Wheeler,  and  a  geolc^cal  anrvej 
of  it  was  also  made  the  same  year  by  Mr.  James  McEvoy,  assisted  by 
Mr.  Joeepb  Keele.  The  latter  survey  was  continued  in  1901  by  Mr. 
W.  W.  Leach,  assisted  by  Mr.  T.  Denis,  and  by  the  month  of  October 
we  trere  able  to  define  tbe  coal-bearing  lands  with  sa£cient  accuracy. 
These  lands  consist  of  two  separate  areas,  the  more  southern  and  larger 
ne  containing  aboat  230  sqaare  miles,  or  147,200  acres,  and  the 
mailer  one,  which  lies  in  the  Green  Hitls,  at  a  distance  of  nearly  30 
lies  north  of  the  other,  containing  aboat  676  square  miles,  or  4,320 
cres.  There  had  been  rumours  of  the  occnrrence  of  coal  elsewhere 
within  the  lands  belonging  to  the  Canadian  Pacific  Railway  CompaQy, 
Dnton  investigation  by  Mr.  Leach  these  were  not  confirmed. 
Immenee  Mr.  MoEvoy  reported  that  in  a  total  section  of  4,736  feet,  at  right 

^^°"  ^  °'  angles  to  the  strata,  which  he  measured  in  the  main,  or  Crow's  Neet 
Pass  Coal  Field,  there  are  no  fewer  than  twenty-two  seams  of  coal, 
with  the  enormous  aggregate  thickness  of  216  feet,  of  which,  at  least, 
100  feet  may  be  considered  as  workable  coal.  This  section  was  mea- 
sured at  Morrissey  siding,  and  it  is  all  above  the  level  of  Elk  river. 
The  Canadian  Pacific  Railway  Company  baa  had  two  borings  made 
near  their  track,  south-east  of  Michel  station.  The  logs  of  theee 
borings  have  been  kindly  furnished  to  this  department.  They  both 
ehow  the  existence  of  numerous  seams  of  cool,  and  these  have  been 
correlated,  by  Mr.  Leach,  with  those  of  the  section  measured  by  Mr. 
McEvoy  at  Morrissey  siding.  Their  relations  to  one  another  are  des- 
cribed in  Mr.  Leach's  report  in  this  volume  and  illustrated  by  the 
sections  which  accompany  it. 
tireen  hlU«  In  the  portion  of  the  Qreen    Hills  coal-field  within  the  railway 

°™'^ '''  company's  grant,  Messrs.  Leach  and  Denis  measured  a  section  of  oool- 
bearing  strata  of  3,387  feet,  containing  twelve  seams  of  coal,  having  a 
total  thicksees  of  eighty-nine  feet.  Seven  of  these  seams  are  of  work- 
able size,  with  an  aggregate  thickness  of  seventy-nine  feet.  The  section 
is  not  complete,  aa  the  rocks  are  covered  up  or  con<'ealed  in  many  places, 
leaving  room  for  the  occurrence  of  more  seams  of  coal.  The  sections 
in  Mr.  Leach's  report,  drawn  to  a  scale,  show  the  position,  thickness, 
etc,  of  each  seam  in  both  of  the  above  coal-fields. 

OBOLOOICAL   HAPS  O?   HOTA   SCOTIA. 

Geological  The  publication  of  ten  geological  map-sheets  of  the  north-eastern 

&c5ifc       ™  portJon  of  the  mainland  of  Nova  Scotia,  prepared  in  great  detail  by 

Mr.  Hugh  Fletcher  of  this  department,  from  bib  painstaking  topo- 
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gr^ibicaJ  wad  geological  surveys,  extending  through  a  period  of  more 
than  twenty  years,  was  suspended,  owing  to  a  dtfferenoe  of  opinionj 
which  had  been  held  by  some,  as  to  the  age  of  certain  geological 
formations  of  that  part  of  the  province.  As  Ur.  Fletcher's  concluBions 
on  this  sabject  have  not  changed  since  the  publication  by  the  Survey 
of  his  previous  geological  maps  in  accordance  with  these  views,  and  as 
he  has  given  his  unremitting  study  and  labour  to  the  correct  elacida- 
tion  and  repreeentation  of  the  geology  of  the  region  in  question,  having 
no  object  but  the  truth  to  maintain,  ii  is  not  considered  desirable  to 
longer  withhold  from  the  public  these  valuable  maps,  and  they  will 
accordingly  be  published  as  rapidly  as  possible.  They  are  already 
engraved  and  the  colour-atones  are  being  prepared,  so  that  it  is  expected 
the  printing  can  be  done  during  the  present  winter. 

MINKRALB   OF  CANADA    AT   INDUSTRIAI.    EXHIBITIOHB. 

Through  the  efforts  of  the  Geological  Survey,  the  minerals  of  Canada 
have  been  well  represented  at  all  the  international  industrial  exhibi-  ^^f^j^  . 
tions  which  have  been  held,  from  that  of  185S  in  London  to  those  of  last  exhibttiooa. 
year.  These  collections  and  the  descriptive  catalogues  prepared  by 
the  tjurvey  to  accompany  them,  have  never  been  excelled  by  those 
of  any  other  country.  The  fine  collection  which  had  been  got  toge- 
ther under  the  control  of  the  Survey  for  the  Paris  exhibition  of  1900 
was  transferred  entirely  to  that  held  in  Glasgow  in  1901,  and  in  both 
cities  it  served  to  make  known,  la  a  striking  manner,  the  great  min- 
eral wealth  of  Canada. 

At  the  request  of  Mr.  Wm  Hutchison,  the  Canadian  Commissioner  to 
the  Pan-American  Exhibition,  held  in  Buffalo  last  year,  the  department 
loaned  some  zoological  specimens,  inolnding  a  fine  wood  bufblo.     These  Zooiogiol 
specimens  were  the  means  of  attracting  much  attention  to  the  country,  exhibited, 
and,  owing  to  Ur.  Hutchison's  careful  management,  they  have  been 
safely  returned  to  the  museum. 

The  coUections  which  were  at  the  Paris  and  Glasgow  exhibitions, 
are  to  be  shown  during  the  winter  in  London,  and  in  spring  aie  to  be 
divided  between  the  exhibitions  to  be  held  in  Cork  and  Wolverhampton 
reapiectively. 

ZOOLOOI,  BOTAHT,  PAI.£0NTOLOQT,    ETHNOLOOT,  KXC. 

Dr.  Whiteaves'  catalogue  of   the  Marine  Invertebrata  of  Eastern  Otb«r 
Canada,  published  during  the  year,  ts  the  result  of  the  studies  of  an  work. 
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SoisntiGc  expert  for  many  years  and  is  a  very  imporUnt  contribution  to  zoologi- 
cal literature.  Other  work  which  he  has  acoompliahed  last  year  is 
mentioned  in  his  own  report.  It  will  be  seen  by  this  report  that  a 
considerable  number  of  zoological  specimens  have  been  added  to 
the  mnsenm.  Frofesaor  Macona's  botanical  work  in  Ont&rio,  which  is 
described  in  his  report,  shows  that  he  made  very  large  collections  of 
plants  and  a  variety  of  interesting  zoological  observations  in  the  south- 
em  part  of  the  province.  He  is  now  engaged  io  preparing  for  the 
press  the  second  part  of  his  Birds  of  Canada.  Mr.  James  Mocoun  and 
his  assistant  did  good  work  with  the  International  Boundary  Commis- 
sion in  coUecting  botanical  and  zoological  specimens  and  in  working  out 
the  natural  history  of  the  south-west  comer  of  the  Dominion  bordering 
on  the  Pacific  ocean.  Mr.  Lawrence  W,  Watson  has  been  working 
on  the  botany  and  zoology  of  Prince  Edward  Island  and  has  sent  some 
interesting  specimens  to  the  museum. 

In  addition  to  the  paleeontological  work  performed  by  our  own  stafi, 
we  are  greatly  indebted  to  Professor  Samuel  H.  Scudder,  of  Harvard 
University,  for  another  valuable  voluntary  contribution  to  Canadian 
paleeontology,  being  part  2  of  vol.  II.  of  his  Cawulian  FomU  Ineeeta, 
containing  92  pages  and  10  plates,  published  by  the  Survey  during 
the  year.  The  figures  wei^  drawn  by  Dr.  A.  D.  Hopkins,  of  Morgan- 
town,  West  Virginia,  Professor  Penhallow,  of  McOill  Universityi 
has  written  and  illustrated  a  report  on  Osmundites  from  Queen  Char- 
lotte island,  which  will  be  published  as  soon  as  possible.      Several 

Totem  poles,  additions  have  been  made  to  the  archteo logical  and  ethnological  col- 
lections, among  the  latter  being  a  carved  totem  pole  about  40  feet 
high,  obtained  for  the  Department  in  British  Columbia  by  Dr.  C.  F. 
Newcombe.  This  and  four  other  totem  poles  from  the  Pacific  coast, 
which  we  had  on  band,  have  been  erected  in  the  courtyard  of  the 
museum. 

VOYAOEDB   WHO    WAS   LOST   IN   THE   PAB   NORTH. 

In  connection  with  the  survey  of  Great  Bear  lakp,  it  was  mentioned 
in  the  Summary  Report  for  1900,  that  one  of  Mr.  J.  M.  Bell's  men 
Return  of  lo«t  (Charles  Buun)  had  been  lost  near  the  Arctic  sea.  Mr.  Bell  and  all 
his  party  did  their  best  to  obtain  some  trace  of  the  missing  man,  but 
without  success.  They  spent  a  number  of  days  searching  for  him  on 
the  Barren  Lands  between  the  north-east  angle  of  Great  Bear  lake 
and  the  Coppermine  river,  not  far  from  Coronation  gulf,  when  time 
was  very  precious,  as  too  little  of  the  season  remained  for  their  own 
return  before  the  setting  in  of  winter.  After  the  party  had  been 
obliged  to  give  up  the  search,  Mr.  Bunn  fortunately  wandered  to  a 
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csmp  of  Indi&Ds  on  Oreat  Bear  lake.  These  people  treated  him  hoepit- 
abl;  and  helped  him  to  reach  Fort  Norman  on  the  McEenzie  river. 
Fhun  this  poet  he  aocompanied  parties  of  Hudson's  Bay  CkHnpanya 
men  to  Fort  Simpson  and  thence  to  Fort  Resolution,  where  Mr.  Bell 
had  engafted  him.  He  pushed  on  southward  up  the  Great  Slave  and 
AtiiabaBca  rivera  and  finally  arrived  safely  at  Edmonton,  where  he 
TSB  paid  by  tbia  Department  for  all  his  time  and  expenses. 


OrnOEHS'    EEPOKTS. 

Trb  Yokoh  Distbict. 


During  the  paatseason  the  writer,  assisted  by  Mr.  Joseph  Eeele,  who  Yukon 
acted  as  topographer  and  geological  assistant,  was  occupied  principally 
in  an  examination  of  some  of  the  smaller  placer  camps  in  the  Yukon 
Territory.  I  left  Ottawa  on  June  1 6,  joined  Mr.  Koele,  who  had  pre- 
ceded me  a  few  days,  at  White  Horse  on  June  26,  and  after  outfitting 
diere,  we  proceeded  ai  onoe  to  the  Salmon  river  tjold-field.  The  party 
consisted,  besides  Mr.  Keels  and  myself,  of  two  camp  hands,  who  were 
engaged  at  Sault  Ste.  Marie. 

Salmon  river  Goid-field. 

The  Salmon  river  gold-field  is  situated  east  of  the  South  fork  of  the  Salmon  ri' 
Kg  Salmon  river.  It  can  be  reached  by  ascending  the  Big  Salmon  Ko  -  e  . 
rirer  to  the  South  fork,  a  distance  of  about  forty  miles,  and  then  conti- 
nuing up  the  latter  to  the  month  of  Livingstone  creek,  a  further  distance 
<rf  about  twenty-five  miies.  Tbsse  streams  are,  however,  swift  and 
difficnlc  to  ascend,  and  the  ronte  generally  adopted  is  to  descend  the 
Lewes  to  the  moiith  of  the  Teslin,  and  ascend  the  latter  to  Mason's 
leading,  a  distance  of  about  twenty  miles.  From  Mason's  Landing,  a 
pack  trail,  fifteen  miles  in  length,  has  been  constructed  across  the  ridge 
boBuding  the  Tealin  valley  on  the  east,  to  the  valley  of  the  South  fork 
^  the  Salmon,  and  branch  trails  continne  on  to  the  varions  creeks. 
Thetndl  follows  a  wide  depression  in  the  ridge  mentioned  above, 
•t  the  summit  of  which  it  reaches  an  elevation  of  about  1,700  feet 
above  the  Teslin  valley.  A  wagon  road,  following  nearly  the  same 
course  across  the  ridge,  could  easily  be  constructed  and  would  be 
s  great  boon  to  the  district. 
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Topography. 

Tt^xigraphy.  The  topography  of  the  district  is  simple.  A  ridge  &bout  five  milefr 
ia  width  where  croased  by  the  trul,  separates  the  Teslin  river  at  this 
poiot  from  the  valley  of  the  South  fork  of  the  Salmon.  The  ridge  is 
traversed  by  several  deep  depressions  and  is  fairiy  regular  in  outline 
as  a  rule,  bnt  in  places  is  surrounded  by  rocky  peaks,  some  of  which 
attain  ad  elevation  of  5,000  feet. 

South  fork.  f^t  of  the  TesUn  ridge  is  the  great  valley  of  the  Sonth  fork  of  the 

Salmon,  a  huge  depression  some  thousands  of  feet  in  depth,  and  where 
crossed  by  the  trail,  nearly  two  miles  in  width.  The  valley-bottom 
GonsiBts  of  a  wide,  partly  forest«d  gravel  ^axa,  broken  ia  places  by 
low  benches  and  terraced  along  the  sides  up  to  an  elevation  of  about 
600  feet.  The  South  fork  itself  is  a  shallow  stream,  seldom  exceeding 
thirty  yards  in  width,  flowing  rapidly  along  a  boulder-paved  channel. 
It  rises  in  a  range  of  granite  mouDtains  to  the  south  and  has  a  length, 
measured  along  the  valley,  of  about  sixty  miles.  Its  grade  at  the 
mouth  of  Livingstone  creek  averages  forty-five  feet  to  the  mile. 

Eut  of  South  Xhe  valley  of  the  South  fork  is  bordered  on  the  east  by  a  steep  slope, 
about  2,000  feet  in  height,  beyond  which  is  a  strip  of  plateau-like 
country,  four  to  five  miles  in  width,  surmounted  hj  low  rounded  hills, 
the  summits  of  which  have  an  elevation  of  from  2,000  feet  to  2,600 
feet  above  the  valley.  The  plateau-strip  is  terminated  on  the  east  by 
a  high  mountainous  district,  worn  into  sharp  peaks  and  bold  projec- 
tions, on  some  of  which  the  snow  lies  throughout  the  season.  The 
plateau-strip  bordering  the  valley  constitutes  the  gold-field  of  the  dis- 
trict. The  larger  creeks  cut  back  through  it  into  the  high  monatun 
region  beyond ;  the  smaller  ones  rise  in  the  lower  foreground  and 
descend  rapidly,  often  in  a  series  of  cascades,  to  the  level  of  the  valley 
of  the  Sonth  fork. 

Timber.  The  valleys  and  the  slopes  of  the  plateau,  up  to  a  height  of  about 

3,000  feet  above  the  valley  of  the  South  fork,  are  partially  forested. 
The  principal  trees  noted  were  the  Banksian  [Hue,  £he  white  and  black 
spruoes,  the  aspen,  the  rough-barked  poplar,  the  balsam  fir  and  a 
species  of  birch.  The  trees,  as  a  rule,  are  email  and  the  quantity  of 
serviceable  timber  in  the  immediate  vicinity  ia  limited.  A  few  groves 
of  white  spruce  were  noted,  some  individoals  of  which  attained  a 
diameter  of  fully  eighteen  inches,  but  trees  of  this  size  are  rare. 

Ge<^ogy. 

The  geology  of  the  district  can  only  be  briefly  referred  to  here  as 
the  rooks  have  not  been  studied.     The  oldest  beds  in  the  district 
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coDsigt  of  bard  mioaceoas  qnartziteB,  passiiig  into  mica-sohiBtfl.  These 
rocki  are  exposed  along  the  eastern  slope  of  the  monntaiue  referred  to  9^^'='™  '^ 
•bore,  as  bounding  the  auriferous  plateau  on  the  east.  They  are 
interbanded  towards  the  top  with  oiTstalliiie  limestones  and  are  over- 
laid by  groea  obioritic  schiate,  probably  r^resenting  crushed  diorites 
or  diabases.  The  green  schialB  are  followed  in  ascending  order  by  gray 
qoarti-biotite  schists,  white  and  light  gray  serioite  schists,  reesembling 
the  gold-bearing  schbts  of  the  Klondike  series  and  probably  like  them 
of  igneous  origin,  lead- coloured  argillites,  a  second  series  of  green 
rocks,  mosUy  tnfis,  above  which  is  a  wide  band  of  hard  cherty  limestone 
forming  the  western  edge  of  the  plateau.  The  schists  and  associated 
qnartzites  and  limestones  have  a  nearly  north  and  south  strike  and  dip 
steadily  to  the  west  at  angles  of  from  20°  to  50°. 

The  high  narrow  plateau  bordering  the  valley  of  the  South  fork  on  Originof  gold 
the  east,  in  which  most  of  the  gold  streams  of  the  district  have  their 
Mnrces  and  which  all  of  them  traverse,  is  thus  seen  to  be  built  almost 
entirely  of  micaceoos  schists  of  various  kinds,  and  from  these  rocks 
the  gold  of  the  district  undoubtedly  originated.  The  schists  are 
partly  of  igneous  and  partly  of  clastic  origin  and  resemble  in  a 
general  way  the  gold-bearing  schists  of  the  Klondike  district. 

The  ridge  between  the  South  fork  of  the  Salmon  and  the  Teslio 
river  is  built  of  comparative  recent  volcanic  rocks  consisting  largely  of 
andesites,  angite-porphyrites  and  allied  varieties.  Basalt  occurs  at  the 
base  of  the  western  slope,  and  tnfis  and  agglomerates  on  the  eastern 
slope. 

The  schists  east  of  the  South  fork  are  cat,  sonth  of  Mendocina  creek,  Granite, 
by  some  dykes  and  a  oonple  of  small  bosses  of  gray  biotite  granite. 
This  rook  is  not  conspicuous  in  the  district,  but  is  apparently  widely 
distributed  further  to  the  south,  as  the  wash  in  the  South  fork  is 
largely  granitic. 

Oold-bea/riiig  Streaint. 

Gold  has  been  found  in  some  quantity  on  all  the  streams  traversing 
the  high  plateau,  previously  described  as  occurring  east  of  the  South 
fork,  along  a  stretch  abont  twelve  miles  in  length  extending  from  Sylvia 
oeek  to  Uendocina  creek.  The  schists  which  underlie  this  portion  of 
the  idateau  contiune  on  both  to  the  south  and  to  the  north  and  it  is  ' 

probable  thaX,  the  field  will  be  extended  as  prospecting  continuee. 

The  moat  productive  stream  so  far  discovered  is  Livingstone  creek.  LiTingstone 
This  creek  baa  a  total  length  of  ten  miles.     Its  general  course  is  "^ 
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westerly,  but  four  miles  above  ita  month  it  enters  an  old  longitudinal 
valley  which  cuts  off  a  segment  of  the  pl&teau,  and  turns  abruptly 
north  for  two  milee  before  crossing  the  flats  to  join  the  South  fork.  It 
is  a  fair-sized  stream,  measuring  about  fifteen  feet  in  width  at  ordinary 
stages  of  the  water,  where  it  leaves  the  hills.  The  current  is  very 
swift,  as  the  grade  is  steep,  exceeding  400  feet  to  the  mile  in  some  places. 

The  valley  of  Livingstone  creek  differs  considerably  in  character  from 
that  of  the  Klondike  creeks.  In  its  upper  part,  it  is  a  deep,  rounded 
depression,  evidently  modified  by  glacial  s«tion,  terminating  in  a  at«ep- 
aided  amphitbeatrical  basin.  Farther  down,  the  valley  narrows  in 
and  becomes  a  canyon  bounded  by  steep  rocky  walla  separated  at  their 
bases  by  a  narrow  flat  from  50  to  100  feet  in  width.  The  canyon  por- 
tion of  the  valley  has  a  length  of  about  three-quarters  of  a  mile  and 
ends  abruptly  at  the  old  valley  previously  referred  to,  which  the  creek 
enters  after  leaving  the  plateau. 

The  workings  on  Livingstone  creek  so  far  have  been  confined 
principally  to  the  canyon  portion  of  the  valley.  Discovery  claim,  on 
which  the  most  work  has  been  done,  is  situated  near  the  head  of  the 
canyon.  The  gravels  here  and  along  the  canyon  generally  are  quite 
shallow,  seldom  exceeding  three  feet  in  depth,  and  in  places  the  bed- 
rock is  bare.  They  are,  unlike  tho  Klondike  gravels,  only  partially 
derived  from  the  rock  exposed  along  the  valley,  and  include  much 
foreign  glacier-borne  material,  largely  of  a  granitic  character.  Boulders 
are  numerous  and  are  often  of  large  size,  some  of  them  measuring  six 
to  eight  feet  or  more  in  diameter.  The  heavy  grade  of  the  valley 
renders  hydraulicking  practicable,  and  on  Discovery  claim  the  water 
is  flumed  along  the  bank  until  a  head  of  about  fifty  feet  is  gained  and 
it  is  thnn  used  to  ground-^uice  the  light  wash  in  the  bed  of  the 
stream.  The  heavy  boulders  are  removed,  when  necessary,  with  a 
derrick. 

The  gold  is  found  principally  on  bed-rock  or  in  the  crevices  of  the 
rook  and  as  a  rule  is  very  coarse.  A  third  of  the  gold  obtained  from 
Discovery  claim  consisted  of  nuggets  over  an  ounce  in  weight,  and 
none  of  it,  I  was  informed  by  the  manager,  could  be  called  fine  gold. 
The  largest  nugget  obtained  was  valued  at  $304,  and  the  second 
largest  at  $*295,  assuming  the  gold  to  be  worth  {16  to  the  ounce,  the 
ordinary  price.  Theassay  value  of  the  gold  is  stated  to  average  $18.20 
to  the  ounce.  A  few  of  the  ouggets  show  a  rough  surface  and  include 
fragments  of  quartz,  but  as  a  rule  they  are  worn  quite  smooth.  This 
is  probably  due  largely  to  the  attrition  of  the  sediment  in  the  stream, 
OS  it  is  impossible  that  gold  of  this  character  could  have  been  carried 
for  any  considerable  distance. 
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Discovery  claim  is  stated  to  have  produced  $11,000  in  1900,  &nd  a 
snutll  amount  in  the  preceding  year.  The  product  of  the  present 
season  was  not  ascertained,  but  the  '  clean  up'  which  was  made  at  the 
time  of  my  visit  was  very  satisfactory  and  the  output  for  the  season 
will  probably  be  considerable.  The  ten  claima  below  Discovery  claim 
and  extending  from  it  down  to  the  foot  of  the  canyon  are  very  similar 
in  character  to  Discovery  clum.  They  are  owned  by  a  company  and 
preparations  are  beiuji;  made  to  work  them  on  a  extensive  scale  during 
the  coming  season. 

Very  little  work  has  been  done  on  Livingstone  creek  above  the  Cl»ini»  above 
canyon,  aa  the  ground  ia  mnoh  more  difficult  to  prospect.  The  gravel 
is  much  deeper,  and  as  it  ia  not  frozen  except  in  sheltered  spots,  work 
on  the  ahaf ts  has  mostly  been  stopped  before  bed-rock  was  reached  by 
the  inflow  of  water.  The  claims  will  require  to  be  drained  before 
they  can  be  worked  and  this  can  only  be  done  by  a  company  owning 
several  of  them,  or  by  a  number  of  the  claim  owners  combining  and 
w<«'king  their  properties  in  common. 

Below  the  canyon,  the  creek,  as  stated  before,  eaters  an  old  valley 
and  runs  for  some  distance  at  right  angles  to  its  former  course.  The 
gravel  in  this  portion  of  the  valley  proved  to  be  very  deep.  A  number 
of  shafts  have  been  sunk,  one  of  them  to  a  depth  of  over  seventy  feet, 
without  reaching  bed-rock.  Work  on  most  of  these  shafts  was  stopped 
by  water  before  any  results  were  obtained. 

Summit  creek,  two  miles  north  of  Livingstone  creek,  and  running  Summit  creek 
parallel  with  it,  is  a  much  smaller  stream,  scarcely  measuring  six  to 
eight  feet  in  width  where  it  leaves  the  hills.  It  heads  in  the  plateau 
and,  after  a  course  of  less  than  three  miles,  cascades  down  into  a  longi- 
tadinal  valley,  which  here  follows  the  base  of  the  hills  and  runs  north 
to  Cottoneva  creek.  Its  valley,  where  it  leaves  the  hills,  is  narrow 
af  d  canyon-like  in  character,  but  above  the  cascade  it  gradually  widens 
out  and  assumes  the  form  of  a  broad  rounded  and  comparatively  shallow 
depression. 

Discovery  claim,  on  this  creek,  is  situated  at  the  footof  the  cascade. 
The  gravels  hure  are  shallow  and  include,  as  on  Livingstone  creek, 
namerous  granitic  boulders.  The  claim  is  worked  by  ground -sluicing, 
water  for  this  purpose  being  easily  and  cheaply  obtained  from  the 
cascade.  About  tl, 200  was  taken  out  in  1900.  The  gold  is  similar 
in  character  to  that  from  Iiivingstone  creek.  The  claims  above  the 
cascade  have  not  been  prospected,  although  some  work  has  been  done. 
The  gravels  deepen  rapidly  in  ascending  the  valley,  and  work  on  the  few 
shafts  which  have  been  started,  has  been  stopped  by  water  before 
bed-rock  was  reached. 
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Lake  creek.  Lake  creek.  »  mile  Dortb  of  Summit  creek,  is  about  equal  in  size  to 

the  latter  and  its  f^oeral  character  ia  very  similar.  Discovery  claim 
on  this  creek,  is  situated  above  a  cascade,  which  occurs,  as  on  Summit 
creek,  near  the  brow  of  the  plateau.  The  gravels  at  this  point,  and 
for  a  few  claims  above,  are  comparativelj  shallow,  averaging  from  four 
to  eight  feet  in  depth  and  can  be  easily  worked.  Work  had  only 
begun  at  the  time  of  my  visit,  but  some  gold  was  being  taken  out  and 
the  miners  appeared  to  be  very  hopeful  in  regard  to  the  future  of  the 
creek. 

CottoacTk  Cottoneva  creek,  three  miles  north  of  Lake  creek,  is  a  much  larger 

and  longer  stream  and  it  has  cut  a  mnre  uniform  grade  down  from  the 
plateau.  A  canyon,  half  a  mile  in  length,  occurs  about  a  mile  from  the 
point  at  which  it  leaves  the  hills.  Above  the  canyon  the  valley  is  wide 
with  gently  sloping  banks.  The  first  discovery  in  the  district  was  made 
on  this  creek  in  1898,  but  the  yield  has  been  small  and  at  the  time  of 
my  visit  no  work  was  being  done.  The  gravels  are  reported  to  be  deep 
and  difficult  to  work  above  and  below  the  canyon,  and  in  the  canyon, 
where  they  are  shallow,  they  do  not  appear  to  be  productive.  Besides 
the  creeks  briefiy  described  above,  good  prospects  have  been  obtained 
from  Martin  and  Sylvia  creeks,  south  of  Livingstone  creek,  and  from 
Little  Violet  and  Mendocina  creeks  north  of  Cottoneva  creek,  and  on 
the  opposite  side  of  the  valley  some  work  was  being  done  near  the 
mouth  of  St  Germain  creek,  a  stream  heading  in  the  range  west  of  the 
South  fork. 

Production  of  The  total  production  of  the  Salmon  river  gold-field  ap  to,  but  not 
including  the  present  season,  was  estimated  at  $20,000,  the  greater 
part  of  which  has  been  obtained  from  Discovery  claim  on  Livingstone 
creek.  Work  in  the  district  has,  however,  barely  commenced,  not- 
withstanding the  fact  that  gold  was  discovered  as  e^yaa  1898.  The 
field  can  only  be  considered  of  moderate  richness  and  the  fame  of  the 
Klondike  creeks  drew  roost  of  the  miners  to  that  section.  The  outlying 
camps  are  now,  however,  receiving  more  attention  and  it  ia  expected 
that  work  in  the  future  will  be  moro  vigorously  prosecuted. 

Yukon  Siver. 

Hooka  along  After  leaving  the  Salmon  river  gold-field  we  descended  the  Lewes 
a  on  »  Bj.  ^^^  Yukon  rivers  in  a  Peterborough  canoe,  and  a  few  days  were  spent 
in  making  an  examination  of  the  geological  section  exposed  along  the 
Yukon  valley  below  Fort  Selkirk.  Only  a  brief  reference  to  this  work 
will  be  made  here.  The  rocks  at  Fort  Selkirk  and  down  the  Yukon 
valley  for  fifteen  miles  consist  mostly  of  diabases,   coarse   tn£&   and 
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agglomentes.  These  rooks  are  naderlaid  b;  a  highly  altered  olaatio 
seriee  consisticg  largely  of  quartz -mioa-sohists,  qoartzitee  aad  crystalline 
limestones.  The  clastic  series,  in  a  more  or  less  altered  oonditioo, 
occars  at  iutervala  along  the  valley  down  to  the  mouth  of  Forty- 
mile  river  and  probably  beyond.  It  alternates  in  broad  bands  with 
igneous  sohiats  and  goeisaes,  derived  mostly  from  granitea,  quartz  por- 
phyries and  diorites.  The  granite  gneisses  have  been  regarded  as  the 
oldeet  rocks  in  the  Yukon  valley,  but  positive  evidence  was  obtained 
during  the  course  of  the  exploration  that  they  are  really  yonoger  than 
the  altered  clastic  aeries  and  have  been  intruded  through  them.  The 
old  igneous  schists,  and  to  a  less  extent  the  clastic  schists,  are  very 
important  from  an  economic  standpoint,  as  they  constitute  the  gold- 
bearing  rocks  at  all  the  camps  so  far  examined.  They  are  broken 
throagh  at  numerous  points  along  the  valley  by  intrusives  of  various 
kinds  and  are  overlaid  in  places  by  more  recent  rocks,  but  a  description 
of  these  does  not  come  within  the  compass  of  this  report. 

Thitlle  Creek. 

Thistle  creek  enters  the  Yukon  from  the  east  about  eight  miles  above  TbUtle  creek, 
the  mouth  of  White  river.  It  is  about  eighteen  milea  in  length  and 
towards  the  mouth  from  fifteen  to  twenty  feet  in  width.  The  valley  ViJlry. 
is  flat-bottomed  in  the  lower  stretches,  the  flats  varying  in  width  from 
150  to  400  yards,  but  towards  the  head  it  narrows  into  a  V-shaped 
golch.  The  bordering  hills  have  a  general  height  above  the  valley  of 
1,000  feet  to  1,500  feet,  but  in  places  slope  up  U>  sharp  peaks  and 
ridges  very  much  higher.  Terraces  occur  at  intervals,  but  do  not  form 
continuous  lines.  The  grade  of  the  valley  increases  gradually  towards 
the  head.  Six  miles  above  the  mouth  it  amounts  to  50  feet  to  the 
mile,  and  at  twelve  miles  to  100  feet  to  tbe  mile. 

Discovery  claim  on  Thistle  creek  is  situated  about  six  miles  above  Work  done, 
the  mouth.  The  creek  was  staked  in  1898,  bat  the  work  done  on  it 
up  to  the  present  has  been  inconsiderable.  At  the  time  of  my  visit 
some  work,  chiefly  of  a  prospecting  character  was  being  done  on  claims 
17  and  19  below  and  9  above  Discovery  on  a  terrace  opposite  9 
above,  and  at  the  mouth  of  Edas  gulch  which  comes  in  opposite 
12  below.  The  gravels  on  Thistle  creek  resemble  those  on  the  Gravels. 
Klondike  creek.  They  consist  principally  of  fiat  schistose  pebbles, 
imbedded  in  coarse  sand,  and  include  occasional  boulders  of  quartz  and 
granite.  They  have  a  thickness  in  the  vicinity  of  Discovery  claim  of 
from  four  to  six  feet  and  are  overlaid  by  a  layer  of  muck,  usually  from 
8  to   10  feet  in   thickness.     The   terrace    gravels    are  coarser  than 
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those  in  the  creek  mad  have  a  tbickaeu  at  the  rim  of  the  bench  oppo- 
site Discovery  claim  of  25  feet. 

None  of  the  Thistle  creek  claims  yet  worked  have  proved  very  rich. 
The  gold  is  irregular  in  its  distribution  and  so  far  has  been  found 
principally  along  the  left  limit  of  the  valley  close  to  a  well  deBoed 
terrace  which  extends  from  claim  No.  9  above  Discovery  down  stream 
about  three  miles.  The  gold  is  found  principally  on  or  in  bed-rock  and 
occurs  in  coarse  grains  and  nuggets.  The  largest  nagget  reported  came 
from  clum  No.  1  above  Discovery  and  was  valued  at  $96.  The  total 
product  of  the  creek  is  estimated  at  $10,000. 


Henderson  Creek. 

Henderson  creek  enters  the  Yukon  from  the  east  about  three  miles 
below  the  month  of  the  Stewart.  It  is  a  longer  stream  than  Thistle 
creek  and  carries  considerably  more  water,  but  is  very  similar  in 
general  character.  It  occupies  a  flat-bottomed  valley  of  the  usual  type, 
bordered  by  fairly  stenp,  mostly  wooded,  banks  which  are,  in  places, 
interrupted  by  irregular  disconnected  benches,  but  the  banks  are  not 
conspicuously  terraced. 

The  rocks  exposed  along  the  valley  consist,  as  on  Thistle  creek, 
mainly  of  granite-gneisses  and  other  igneous  schists.  At  the  Forks, 
three  miles  above  the  mouth,  inliers  of  white  crystalline  limestone 
associated  with  quart£-mica-flchist«  and  quartzito  were  noticed,  and 
andesites  occur  in  a  group  of  high  rounded  hilb  near  the  head  of  the 

Only  one  claim  was  being  worked  on  Henderson  creek  at  the  time 
of  my  visit.  The  creek  was  hurriedly  and  inadequately  prospected  in 
1898  and  since  then  has  been  practically  abandoned.  The  claim  which 
is  being  worked  is  situated  about  fourteen  railes  above  the  month  of 
the  creek  and  just  below  the  junction  of  the  main  branch  with  Sixty- 
mile  creek.  It  is  owned  by  two  Australian  miners  who  have  worked 
it  partly  by  drifting  and  partly  by  the  open-cut  method  for  several 
seasons,  and  are  apparently  quite  satisfied  with  the  resnlt.  The  gold 
is  finer  than  on  Thistle  creek  and  is  not  concenb^ted  neu-  bed-rock, 
as  is  the  case  on  that  creek,  but  extends,  like  the  Bonanza  creek  gold, 
upwards  into  the  gravels  for  several  feet.  It  is  unlikely  that  this 
claim  is  the  only  one  containing  pay  gravel  in  this  portion  of  the 
valley  and  systematic  prospecting  on  some  of  the  adjoining  claims 
would  probably  lead  to  equally  good  results. 
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SixtytniU  DistruU. 

The  gold  creeks  of  Hm  Sizt}r-mile  district  Are  sitoftted  near  the 
Alaskan  botmdary,  about  forty  miles  directly  west  from  Dawson.  They 
c&a  be  reached  by  ascending  Forty-mile  river,  a  western  tributary  of  S^"*"  ^ 
the  Yukon,  to  the  mouth  of  Moose  creek  a  couple  of  miles  west  of  the  dUtrict 
Intemstional  boundary,  from  which  point  a  good  trul  about  twenty 
mites  long  leads  to  the  principal  creeks;  or  by  a  pack  trail  from  Dawson, 
t>6  miles  long  which  follows  the  divide  between  Swede  creek  and  the 
Tabun,  or  by  ascending  Sixty-mile  river.  The  latter  route  is  seldom 
and,  owing  to  the  shallowness  of  the  stream,  and  the  numerons  bars 
sod  rapids  which  interrupt  its  course.  All  these  routes  were  traversed 
ia  the  course  of  the  present  exploration.  The  writer  reached  the 
district  by  Forty-mile  river  and  the  Moose  creek  trail,  and  descended 
Sixty-mile  river  on  the  way  bftck  in  a  small  canvss  boat  which  was 
portaged  across  from  Fortj-mile  river  for  the  purpose,  while  Mr. 
Keele  tra'velled  by  the  overland  route  and  made  as  careful  a  survey  of 
it  u  time  permitted. 

Tbe  rocks  in  the  Sixty-mile  district  are  similar  to  those  oconrring 
CD  the  Yukon  valley  above  Da wBon.  The  beds  have  a  general  east  ChMscter  <rf 
and  west  strike,  and  a  section  across  them  from  Forty-mile  river  south 
to  the  Sixty-mile  shows  two  broad  bands  of  dark  quarlz-mica  schists, 
qoartrites  and  crystalline  limestones,  similar  to  the  rocks  described  by 
me  in  a  former  report  as  the  Indian  river  series,  separated  by  a  band 
of  i)tneoaB  schists  four  to  five  miles  in  width.  The  latter  consist 
partly  of  gray  granite-gneiss,  and  partly  of  light^«oloured  lericite  schists 
derived  mostly  from  quartz-porphyries.  The  schists  are  replaced  near 
8lity-mile  river  by  andesites  and  are  overlaid  on  Moose  creek  by  a 
bdulII  area  of  conglomeratea,  probably  of  Cretaceous  age. 

Gold-hearing  Creeke. 

Coarse  gold  was  discovered  in  the  Sixty-mile  district  in  1S93,  and 
from  that  time  up  to  the  discovery  of  the  Klondike  creeks  in  1896,  it 
vss  onv  of  the  principal  producing  camps  in  the  Yukon  oonntiy.  It 
wu  practically  abandoned  in  1897,  but  lately  the  miners  have  been 
ntuming  to  it.  At  the  time  of  my  visit,  about  forty  men  were  at  work. 

The  principal  creeks  are  Miller  and  Glacier*  creeks  on  the  Sixty-mile 
ilope,  and  Moose  creek,  a  tributary  of  Forty-mile.     Moose   creek  is  a  Hoou  oredi. 

*  i  detailed  description  of  Miller  and  Glacier  creeks,  b;  J.  E.  Spurr,  ia  publiihed 
n  tbe  nghteentfa  Annukl  Beport  of  the  U.  3.  Geological  Sarrey,  pikge*  820^26. 
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large  stream,  about  twenty  feet  wide  at  ite  mouth,  and  abont  fifteen 
mi1e«  in  length.  Its  valley  is  about  200  y&rds  wide  in  the  lower 
reaches,  but  gradually  contracts  towards  its  head  into  a  narrow  gulch. 
Gold  in  small  quantities  li  found  all  along  the  valley,  but  only  a  short 
stretch,  barely  a  mile  in  length,  commencing  about  ten  miles  above  its 
mouth,  contained  claim*  rich  enough  to  work.  The  gravels  had  a 
depth  of  from  two  to  four  feet,  and  the  gold  occurred  in  a  narrow  pay 
streak  in  the  centre  of  the  valley.  The  total  amount  produced  is 
given  at  $5,000  only. 

Glacier  creek  is  a  tributary  of  Qo\d  creek,  and  joins  the  latter  a 
mile  above  its  mouth.  It  is  a  small  stream,  from  two  to  three  yards 
in  width,  and  less  than  seven  miles  in  length.  The  grade  is  steep, 
amounting  to  about  100  feet  per  mile  in  the  lower  part  of  the  valley, 
while  further  up  it  becomes  much  steeper.  The  valley  conforms  to  the 
usual  type.  The  upper  part  is  a  narrow  gulch,  but  in  descending,  it 
gradually  widens,  and  towards  its  mouth  has  a  breadth  of  200  yards. 
It  has  been  worked  from  claim  No.  28,  above  Discovery,  down  almost 
to  ite  mouth,  a  distance  of  about  five  miles.  The  pay  streak  from  No. 
21  above,  down  to  No.  17  above,  is  reported  to  have  been  very  con- 
tinuous but  qnit«  narrow,  less  than  twenty  feet  in  width.  Farther 
down  it  widened  out  and  became  more  spotty.  Claim  No.  18  below 
is  stated  to  have  been  the  best  claim  on  the  creek.  The  valley  gravels 
have  a  thickness  of  from  six  to  ten  feet  and  are  overlaid,  as  on  the 
Klondike  creeks,  by  a  varying  thickness  of  black  muck.  They  have 
been  mostly  worked  over,  but  a  few  claims,  too  low  in  grade  to  pay  in 
the  early  days,  still  remain,  and  some  gold  was  also  being  obtained 
from  a  few  of  the  richer  claims  which  had  been  imperfectly  or  only 
partially  worked. 

The  terraces  on  Glacier  creek  were  neglected  up  to  the  last  year  or 
two,  but  are  now  being  worked  at  several  points.  Welt  defined 
benches  occur  on  the  left  limit,  opposite  claims  10  and  12  above,  and 
on  the  right  limit  oppKisite  Na  6  below  and  down  the  valley  for  some 
distance  farther.  The  bench  opposite  No.  10  above,  ia  interesting  in  aa 
much  as  the  workings,  consisting  of  three  shafts,  one  62  feet  deep,  prove 
the  existence  of  an  old  channel,  separated  from  the  preEent  creek  channel 
by  a  rock  ridge  27  feet  high  and  about  200  feet  in  width.  The  old 
channel  has  an  elevation  of  75  feet  above  the  present  one.  Fay  was 
found  in  one  of  the  shafts,  and  the  owners  expect  to  work  the  claim 
from  a  tunnel  which  they  are  driving  through  the  rock  ridge.  At 
claim  No,  6  below,  good  pay  has  been  struck  on  a  terraoe  on  the  right 
limit  40  feet  above  the  valley  bottom.  The  gravels  here  have  a  thick, 
ness  of  about  50  feet 
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The  temce  gravela  of  Glacier  creek  are  ordinary  stream  wash, 
deposited  before  the  valley  had  been  sunk  to  its  present  depth,  and 
th^  have  no  resemblance  to  the  enigmatioal  quartz  drift  or  white 
inub  of  Bonanza  an<1  Hunker  creeks. 

Miller  cnek,  west  of  Glacier  creek,  empties  into  Sixty-mile  river.  Miller  creek 
It  is  somewhat  shorter  than  Glacier  creek,  about  equftl  to  it  in  sue, 
and  its  general  character  is  very  similar.  Miller  creek  was  considered 
a  very  rich  stream  in  early  days,  and  for  two  or  three  years  after  its 
discovery,  it  ranked  as  the  chief  producer  in  the  Yukon  country  ;  but 
it  ia  now  nearly  exhausted  so  far  as  the  valley  gravels  are  concerned. 
Terraces  occur  on  the  left  limit  from  No.  2  below,  down  to  about  Ko.  Terraces. 
20  below.  They  were  only  discovered  recently  and  are  still  practically 
onworked.  A  terrace  claim  appoeit«  creek  claim  So.  17  l)elow,  is 
alsted  to  have  yielded  $18,000  during  the  past  season.  The  terrace 
here  has  an  elevation  of  fifty  feet  above  the  creek  bottom  and  the 
gravela  have  a  thickness  of  about  fifteen  feet  near  the  rim,  but 
evidently  deepen  considerably,  farther  back. 

Other  creeks  in  the  district  are  Poker  and  D&vis,  both  of  which  Other  creeks. 
head  in  the  Yukon  territory,  but  have  their  principal  productive  por- 
tions in  Alaska ;  and  Gold  creek.  Twelve-mile  creek  and  California 
creek,  tribnlsries  of  Sixty-mile  river  from  the  north,  all  of  which  show 
prospects,  but  up  to  the  present  have  aSbrded  no  paying  claims.  The 
total  production  of  the  Sixty-mile  creeks  is  difficult  to  estimate  at  this 
late  date,  but  was  probably  less  than  half  a  million  dollars. 

The  gold  on  MiUer  and  Gletcier  creeks  is  derived,  in  large  measure,  DerivstioD  of 
directly  from  the  quartz  veins  and  sihcified  schists  of  the  district,  but  ^  ' 
wme  evidence  was  obtained  in  the  course  of  the  exploration,  serving  to 
sbow  that  some  of  it  has  been  deposited  from  solution.  A  boulder  was 
found  in  one  of  the  workings  on  Miller  creek,  the  upper  surface  of 
which  was  partiidly  covered  with  specks  and  scales  of  crystalline  gold. 
The  crystals  were  arranged  in  dendritic  forms,  and  while  some  of  them 
were  Grmly  attached  to  the  rock,  others  separated  easily  from  it.  The 
angiee  of  the  cryetala  were  sharp  and  showed  no  wear  of  any  kind, 
while  the  boulder  itself,  an  autoclastic  quartz-mica  schist,  was  well 
rounded.  The  gold  evidently  did  not  belong  to  the  rock  originally, 
and  the  otdy  explanation  of  its  occurrence  under  the  peculiar  con- 
ditions stated,  seems  to  be,  that  it  was  taken  up  by  some  solvent  and 
redeporited  on  the  surface  of  the  boulder  in  the  position  in  which  it 
was  found.  A  number  of  specimens  of  unworn  crystalline  gold  in 
filiform  and  dendritic  shapes  have  been  found  on  Eldorado  and  other 
Kl<Hidike  creeks,  which  were  probably  formed  in  the  same  way, 
although  no  direct  eridence  of  this  has  hitherto  been  obtained. 
3J 
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Stxty-mile  River. 

A  tnck-anrre;  wbb  made  down  Sixty-mile  river  from  the  Interna- 
tiooal  bonodary  to  its  jnnotion  with  the  Ynkoo.  This  itream  heads 
in  Alaska  aad  has  ft  length,  after  croBsing  ioto  Canadian  territory, 
measured  along  the  valley,  of  about  70  miles,  aad  following  the  wind- 
ings of  the  stream,  of  about  125  miles.  Its  fall,  measured  ronghly 
with  the  barometer,  from  the  boundary  to  the  Yukon,  amounts  to 
1,425  feet,  and  the  average  grade  of  the  valley  to  a  little  over  20  feet 
to  the  mile. 

Sixty-mile  river,  at  the  Boundary,  is  a  rapid  winding  stream  aver- 
aging about  50  feet  in  width  and  interrupted  at  frequent  intervals  by 
flt«ep  bars  covered  with  only  &  few  inches  of  water.  The  upper  portion 
of  the  river  from  the  Boundary  to  California  creek  can  hardly  be  con- 
sidered a  navigable  stream  even  for  small  boats.  Below  California 
oreek  the  volume  of  water  increases  and  the  descent  becomes  less  difG- 
oult,  but  bar?  and  rapids  continue  almost  to  the  mouth  and  no  pait  of 
the  river  is  easy  to  ascend.  The  tributary  streams  are  small,  as  a  rule, 
but  two  large  streams,  one  draining  the  country  to  the  wast  and  tbe 
other  to  the  south,  come  in  within  four  miles  of  each  other,  nearly 
opposite  Indian  river  and  these  branches  nearly  double  the  volume  of 
the  main  river.  Towards  its  mouth  Sixty-mile  has  an  average  width 
of  from  40  to  60  yards. 

The  valley  of  Sixty-mile  is  generally  flat-bottomed,  the  flats  varying 
from  a  couple  of  hundred  yards  to  nearly  a  mile  in  width.  The  sides 
are  usually  terraced  and  in  places,  the  stream  for  long  distances,  has 
cnt  a  secondary  rock-walled  channel,  similar  to  that  noticed  on  Indian 
river  and  the  Stewart,  through  the  bottom  of  its  old  valley.  The 
country  bordering  Sixty-mile  river  forms  part  of  the  Yukon  plateau,  a 
highland  worn  into  rounded  hills  and  long  zigzag  ridges,  but  containing 
no  well  defined  and  continuous  mountain  ranges.  At  several  points, 
high  hills  usually  built  of  andesite,  project  a  few  hundred  feet  above 
the  general  level. 

Sixty-mile  river  afibrds  a  very  good  geological  section,  but  only  the 
salient  points  of  this  can  be  given  here.  At  the  Boundary  and  down 
the  valley  to  Bed-rock  creek,  the  rocks  consist  principally  of  igneons 
schists  of  various  kinds,  largely  granite-gneisses,  with  which  are  asso- 
ciated some  qnartutes  and  other  clastic  schists.  These  schists  consti- 
tute the  gold-bearing  rocks.  They  are  replaced  below  Bed-rock  croek 
by  andesites  which  continue  down  to  a  point  a  mile  and  a  half  below 
the  mouth  of  Oold  creek.  Tbe  andesites  extend  up  Miller  creek  nearly 
three  miles  and  up  Qold  creek  over  seven  miles.     Their  distribution 
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woth  of  Sixty-mile  river  is  not  known,  bttt  they  a^ipareDtly  cover  b 
considerable  tract  of  oountiy  in  that  directdon. 

Sebw  Qold  creek  the  granite  gneisses  and  Associated  igneoae  and  Book*  of  Siz- 
clutie  schists  reappear  and  are  exposed  along  the  valley  down  to  a 
pmnt  five  miles  below  the  month  of  Ofa  oreek.  The  schists,  in  this 
stratcti,  am  cat  by  aumerons  intrusions  of  newer  granite,  and  qnartz 
veins  are  fairly  abundant.  They  are  succeeded  by  andesites,  basalts 
and  other  volcanica,  and  these  rocks,  alternating  with  basine  of  sedi- 
mentory  strata  consisting  mostly  of  conglomerates,  agglomerates  and 
fhalm,  probably  of  Cretoceons  age,  continue  down  the  valley  for 
twenty  miles.  Bdow  that  point  the  gronite-gneisa  and  included 
clastiD  schists  and  crystalline  limestones  appear  again  and  outcrop 
along  the  valley  down  to  the  month  of  the  river.  The  gold-bearing 
rocks,  it  will  be  seen,  occapy  the  upper  aud  lower  parts  of  the  valley 
bnt  are  covered  up  along  the  central  portion  by  more  recent  and,  so 
far  aa  known,  barren  rocks.  Some  bars  were  worked  in  early  days  on 
Siity-Diile  river,  bat  so  for  as  could  be  learnt,  none  of  them  proved 
very  rich  and  at  the  time  of  my  visit  no  work  of  any  kind  was  being 
done. 

Quarit  Vaina. 

Considerable  prospecting  for  quartz  has  been  done  in  the  Klondike  QiurtE  veins, 
district  and  in  other  parte  of  the  Yukon  country  during  the  past 
season,  and  numerous  discoveries  of  more  or  less  importance  have  been 
reported,  The  old  igneous  and  clastio  sohists  referred  to  previously 
as  the  i^ld-bearing  rocks  and  which  have  such  a  wide  distribution 
along  the  Yukon  valley,  are  cut  everywhere  by  quartz  veins  and  in 
places  these  become  so  abundant  as  to  constitute  a  considerable  pro- 
portion of  the  whole  rock-mass.  The  majority  of  the  veins  follow  the 
planea  of  schistosity  or  cut  them  at  a  small  angle.  They  are  narrow 
and  ncn-peraistent  as  a  rule,  bnt  occasionally  swell  out  into  leases  of 
qaartz  six  to  ei^t  feet  or  more  in  width.  These  veins  often  give  fair 
assays  and  in  places  show  free  gold,  but  except  in  rare  instances  they 
are  too  small  singly  to  make  mines.  The  discovery  of  a  zone  of  small 
aariferous  quartz  veins  clssely  grouped  together,  and  capable  of  being 
vorked  tt^ther,  is  however  possible,  and  in  a  region  so  highly  silici- 
fisd  as  the  Klondike  district,  even  probable, 

Before  leaving  Dawson,  a  visit  woe  made  to  the  New  Bonanza  and  New  Bonams 
Lone  Star  claims  at  the  head  of  Victoria  gutch,  a  tributary  of  Bonanza  cUJnu. 
creek.    The  development  work  done  on  these  alaims  consists  of  a  few 
shallow  shafts  or  pits,  none  of  which  reach  any  considerable  depth. 
At  one  of  these  openings  on  the  New  Bonanza,  a  kidney  of  quartz, 
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Gold  in  over  six  feet  in  width  has  been  uncovered  for  a   few    feet,  one  end 

of  which  ia  studded  with  grunsftnd  nuggetB  of  gold.  A  second  opening, 
200  feet  to  the  south-etut,  has  been  sunk  in  a  am&iler  quartz  vein, 
also  carrying  free  gold.  A  specimen  of  quartz  from  this  vein,  in 
vhicb  no  free  gold  could  be  detected  with  the  naked  eye  or  an  ordinaiy 
magnifying  glaas,  was  aasayed  in  the  laboratory  of  the  Survey  and 
gave  2.625  ounces  of  gold  and  3.267  ounces  of  ttilver  to  the  ton.  The 
country  rock,  mostly  sericite  schists,  adjoining  the  vein,  also  proved 
to  be  auriferous.  Other  small  veins  occur  to  the  north-west,  follow- 
ing the  same  south-east  and  north-west  etrika  as  those  above  mentioned. 

I  The  work  done  on  these  claims  is  insuSLcient  to  base  an  opinion  on  as 

to  their  ultimate  value,  but  the  prospects  ara  certainly  encouraging 

I  enough  to  warrant  further  investigation. 

I  The  existence  of  a  group  of  quartz  veins  at  tbe  head  of  Victoria 

gulch,  carrying  free  gold  in  such  quantities,  is  interesting  from  the  fact 
that  tbe  pay  streak  on  Bonanza  creek  practically  stope  at  the  mouth 
of  tbia  gulch.  Victoria  gulch  itself  is  gold-bearing,  and  thegold  obtained 
near  its  head  is  rough  and  unworn  and  looks  aa  if  it  had  just  dropped 
out  of  its  original  matrix.  It  is  not  inferred  from  this,  of  course, 
that  all  the  gold  on  Bonanza  creek  originated  from  this  source,  aa  the 
coarse  gold  found  along  this  stream  could  not  have  travelled  any  dis- 
tance, but  that  some  of  it  came  from  this  point  seems  beyond  ques- 
tion. 

'  Quarts  T«iD«       Quartz  veins  are  prominent  in  places  along  Sixty-mile  river  and  a 
jiy„^  couple  of  specimens  collected  proved  to  be  auriferous.     A  vein  about 

four  feet  wide  cute  the  granite-gneisses  about  a  mile  below  Twelve- 
mile  creek,  in  the  upper  portion  of  the  river.  A  specimen  from  tbta 
vein  was  assayed  in  the  laboratory  of  the  Survey  and  yielded  0'058 
ounces  of  gold  to  the  ton.  A  vein  was  also  found  about  six  miles 
above  tbe  mouth  of,the  river,  on  a  bluff  200  feet  above  the  level  of  the 
valley,  a  specimen  from  which  assayed  0.117  ounces  or  nearly  $2.50  to 
the  ton.  This  vein  consisted  of  light  brown  drusy  quartz  and  at  the 
point  examined  it  woe  fully  eight  feet  iu  width.  It  apparently  belongs 
to  a  different  class  from  the  ordinary  small  gash  veins  of  the  districts, 
and  is  worth  a  closer  exanunation,  as  the  proportion  of  gold  usually 
varies  along  the  strike  and  portions  of  this  vein  may  be  rich  enough  to 
work, 
Quartz  veins  occur  in  the  schists  of  the  Salmon  river  country,  but 
'  the  only  specimens  assayed  from  this  district  proved  to  be  barren. 
Specimens  from  a  vein  on  Fish  creek,  a  tributary  of  the  South  fork, 
which  carried  iroa  and  copper  pyrites  and  gelena  wore  shown  to  the 
writer.     The  vein  is  stated  to  be  of  large  size,  but  it  was  not  examined. 
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Biver  Dndgmg. 

The  dredging  opentioaa  at  CassUr  bar,  on  the  Leves  river,  in  1900  Dradgii^Bt 
proved  «  fulare.     About  50,000  cubio  yards  of  gravel  were  washed, 
ud  the  average  yield,  so  I  was  informed  by  one  of  thma  intereeted, 
tveraged  only  five  cents  per  cubic  yard.^The  bar  has  been  abandoned 
ud  the  plant  transferred  to  a  claim  on  Bonanza  creek,  where  it  is 
reported  to  be  doing  satisfactory  work.     Cassiar  bar  waa  worked  in 
Mriy  days  by  the  miners,  and  was  supposed  to  ofier  exceptional  facili- 
ties for  dredging.     The  failure  there  has,  on  this  acoount,  led  to  an 
impression  that  a  like  result  would  attend  dredging  operations  in  any 
psrt  of  tbe  district.     This  opinion,  it  seems  to  me,  is  not  well  founded. 
Cassiar  bar  is  situated  a  long  distance  from  the  source  of  supply  and,  ^^''*™^  "' 
IS  a  consequeaoe,  the  gold  is  very  light,  and  la  confined,  as  is  usual  in 
inch  drcomstancee,  to  a  thin  layer  of  gravel  immediately  beneath  the 
Enrface.    The  conditions  are  entirely  different  on  streams  or  portions 
of  ttreams,  near  to,  or  cutting  the  rocks  from  which  the  gold  originatea 
The  grains  in  the  latter  case  are  heavier,   are  less  easily  moved,  and 
the  gravels  increase  in  richness,  as  a  rule,  towards  bed-rock.     The  bars  G<JW  ooareor 
on  Fortj-mile  river,  a  stream  cutting  the  gold-bearing  schists  thrODgh-  o[  aupply. 
oat  nearly  its  whole  course,  afford  a  good  example  of  this.     The  gold 
on  the  auriferous  bars  on  this  stream  is  much  coarser  than  that  obtained 
from  Cataiar  bar  and  the  best  pay  occurs  near  bed-rock.     The  gravels 
m  the  Klondike  river  below  the  mouths  of  the  gold-bearing  creeks  has 
hBSD  proved  to  be  auriferous  to  some  extent  down  to  bed-rock,  and 
gold,  in  grains  much  coarser  than  the  ordinary  flake  gold  of  river-bars, 
bu  been  found  in  the  bed  of  the  Stewart,  and  also  on  the  bars  cd  the 
Big  Salmon.     Whether  dredging  would  pay  on  any  of  the  streams 
mentioaed,  is  a  question  which  can  only  be  answered    by   careful 
proepectiog  or  actual  work,  but  it  is  obvious  that  the  result  of  a  single 
experiment  cannot  be  accepted  as  settling  the  matter  in  the  negative 
for  the  whde  district. 


Thr  Gboloot  of  TBS   RsaioV  ADJoimitG  THE  Wbstxrb  Fast  of 
THE  Intbbvational  Bourdakt. 

Dr.  Reginald  A.  Daly. 

^  government  having  decided  to  send  a  geoli^^iet,  as  a  member  of  ^^"l^?'**  ^ 
the  Canadian  Commission  appointed  to  co-operate  with  the  United  co^^mou. 
otatsB  Commission  in  locating  the  International  Boundary,  which  was 
to  begin  operations  at  the  western  extremity  of  the  line  last  spring  I 
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traa  asked  to  name  a  soitable  peFson  for  the  positioD.  I  recommended 
Dr.  R.  A.  Daly,  a  Caaadian,  who  was  instructor  in  geology  in  Harvard 
Univeraity.  He  waa  appointed  and  entered  upon  his  duties  iu  the 
end  of  Jane.  He  reports  as  follows  upon  the  season's  work : — 
iDBtmctioni.  On  June  29  I  left  Ottawa  to  join  the  Boundary  Commission  party 
which  was  under  the  direction  of  Mr.  J.  J.  McArthur,  D.L.8.  The 
asemen  of  Mr.  MoA.rthar's  party  had  already  been  some  five  weeks 
engaged  in  cutting  trails  to  Ghilliwack  lake  and  beyond,  where  the 
moaaments  of  the  1859-61  Commission  were  to  be  examined  and  vistas 
cut  through  the  forests  on  the  line  of  the  49th  parallel  of  latitude. 
My  instructions  were  to  use  the  commiesion  camp  as  headquarters  and 
to  work  out  the  geology  of  as  broad  a  belt  north  of  the  International 
Boundary  as  could  be  reached  from  that  camp. 

A  brief  stay  at  Banff  and  another  at  Field  enabled  me  to  get  a 
glimpse  of  the  Canadian  Cordillera  and,  especially  of  the  Carboniferous, 
DevcKiian  and  Cambrian  members  of  the  system.  While  awaiting  the 
steamer  from  New  Westminster  to  go  up  the  Fraser,  I  made  a  short 
visit  to  Victoria,  where  I  was  particularly  impressed  with  the  remark- 
able traces  of  glaoiation  near  that  city.  Betuming  to  the  mainlmd, 
I  arrived  at  Ghilliwack  village  on  July  9,  but,  on  account  of  difficulties 
of  the  trail,  did  not  reach  camp  at  the  upper  end  of  ChiUiwack  lake 
before  July  14. 
Lengtb  of  I  remained  in  the  field  until  October  29,  and  returned  to  Ottawa 

•*•*'"■  three  weeks  later,  by  way  of  San  Francisco,  Salt  Lake  City  and  Denver, 

Believing  that  even  a  rapid  railway  trip  could  aid  one  greatly  in  bring- 
ing into  sharper  relief  the  contrasts  and  similarities  of  structure  and 
of  form  in  the  monntaina  of  Canada  and  the  United  States,  I  chose 
this  roundabout  route.    The  North  American  Cordillera  will  be  under- 
stood, as  a  whole,  only  after  Canadian  and  American  crosa-sectiona  are 
correlated,  a   treatment   which,  for    this   orographic   system,    stands 
among  the  more  pressing  desiderata  of  present  day  research. 
Oorrelation  of     The  tracing  along  the  strike  of  the  diSerent  mountain  belts  from 
Cm^S^  "^  *'***  ""^  country  to  the  other,  offers  reUted  problems  of  the  highest 
Biology.  importance.     Elxamples  are  to  be  found  in  the  search  for  the  equivalent, 

in  Canada,  of  the  Basin  Ranges,  as  these  disappear  under  the  vast  lava 
cap  of  Oregon,  Washington,  and  Idaho,  and  i^in,  in  the  study  of  the 
zone  of  transition  between  the  physiographic  type  of  the  Canadian 
Bockiee  and  the  quite  difierent  type  represented  in  the  Big  Horn 
mountains  of  Wyoming  or  the  Colorado  Front  range.  It  was,  there- 
fore^ with  peculiar  interest  that,  for  the  first  time,  I  saw,  even  fleet- 
ingly,  the  Cascades  with  their  associated  volcanoee,  the  Sierra  Nevada 
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fralt-block,  the  ranges  of  the  Qreat  Bssin,  the  ehore-liaes  of  Lake 
Boaneriile,  Uie  c&njonB  of  the  Eagle,  Qr&nd  and  Arkansaa  rirerB, 
xma  of  the  Colorado  ranges  and  a  typical  Rocky  Atoontain  '  park.'  A 
more  prolonged  study  was  made  of  the  ctassic  aeotioa  near  San 
FrancUoo,  from  which  the  proofs  have  come  of  the  extraordinarily 
recent  origin  of  the  Coast  range  of  California ;  in  making  this  ezcor- 
fioD,  I  was  directed  by  Professor  A.  C.  Lawson,  formerly  of  this 
Sarvey,  and  by  Mr.  Calkins,  asaistaiit  geologist  in  the  American  staff 
on  the  Intematiooal  Boundary  Commission.  A  day  wss  spent  among 
th«  modem  gold-mining  plants  of  the  Cripple  Creek  district ;  a  second, 
in  visiting  smelting  and  chlorination  plants  at  Colorado  City  and 
Denver. 

My  outfit  and  the  expenses  of  the  season  were  supplied  by  the 
D^rtment  of  the  Interior,  throngh  Mr.  King,  our  Chief  Commissioner. 
I  secured  an  excellent  assistant  in  Mr.  F.  Nelmes,  of  Chilliwaok,  who 
bdped  me  greatly  at  all  times,  but  partioalarly  daring  the  more 
difficult  climbing.  Until  September  17,  we  remained  in  direct  com- 
monication  with  the  main  camp,  but,  thereafter,  until  October  18,  we 
employed  a  snwll  independent  pask-train  and  camping  outfiL 

While  the  month  of  Jane  had  been  characterized  by  almost  continu-  ConditioaB  of 
oiu  rain.,  onr  party  was  fortunatein  having  extraordinarily  tine  weather 
nntil  September  1,  and  indeed,  the  meteorological  conditions  for  field- 
Tork  wen  favourable  even  as  late  as  October  16.  We  were  assured  by 
the  ranchers  of  the  Fraser  and  Chilliwack  valleys  that  bo  long  a  period 
of  fsir  -weather  had  never  been  recorded  there  before.  OSsetting  this 
good  fortune  to  a  large  extent,  work  was  seriously  interfered  with 
daring  Aognst  and  part  of  September  by  a  heavy  pall  of  smoke  borue 
into  the  mountains  from  forest-fire  or  ranch-clearing  by  the  prevailing 
veslerl;  windsl  The  smoke  was  nsaally  so  thick  as  to  make  photo- 
gnphy,  sketching  and  even  intelligent  mapping  of  outcrops  either 
impossible  or  of  indifferent  success.  The  burning  of  the  bridge  across 
the  Ohilliwack  river  was  a  further  cause  of  interruption  in  the  progress 
irf  the  work. 

The  excessive  ruggftdness  of,the  belt  traversed,  coupled  with  the  well-  DiScoitieB 
known  luxariance  of  the  dense  Coast  Range  forest,  its  bral^  windfalls, 
devil's  club,  vine-maple  and  other  underbrush  offered,  however,  the 
gi^teet  impediment  in  carrying  on  the  work  of  the  summer.  Even 
Dnder  the  able  leadership  of  Ur.  McArthur,  our  lai^e  party  of  axemen 
btrely  succeeded  in  opening  the  trails  required  to  give  access  to  the 
whole  number  of  boundary  monuments,  before  the  bad  weather  of  the 
utnnui  forced  me  to  relinquish  work  in  the  mountains. 
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Th«  eziatiog  topc^nphio  maps  of  the  region  mvestigated  were  found 
to  be  entiraly  inadequate  u  »  basis  for  geological  plotting.  For  this 
reason,  much  time  was  spent  in  maJcing  a  sufficient  anmber  of  Bketchea, 
photographs  and  barometric  readings,  and  in  carrying  on  a  rough  tri- 
angulation,  to  sufGce  for  the  oompilation  of  a  2fiO-foot  contour  map  of 
the  area,  on  the  scale  of  one  and  one-half  miles  to  the  inch. 
I.  The  area  covered  during  the  summer  includes  aa  east^nd-vest  bolt 
of  country  eighty  miles  in  length,  parallel  to,  and  limited  on  the  south 
by,  the  49th  parallel  of  latitude,  with  a  breadth  of  10  mOes  north  of 
this  line.  It  stretches  from  the  Gulf  of  Oeot^^  at  Point  Roberts  to 
a  meridian  running  about  four  miles  east  of  ChilUwack  lake.  Approxi- 
mately the  eastern  half  of  this  belt  is  mountainous,  lying  entirely  within 
tbe  western  versant  of  the  Coast  range.  The  weetem  half  covers  the 
flats  of  the  Fraser  delta  and  the  waters  of  Semiabraoo  bay.  The  flrst 
mentioned  division  oomee  within  the  drainage  system  of  tbe  ChiUiwack 
riTer,  and  includes  Chilliwack  lake,  tbe  deep  canyons  of  Middle  (or  !Nest^ 
quatob),  Slease,  Tamihy  and  other  creeks  tributary  to  the  river.  Tbe 
intervening  mountain  ridges,  with  part  of  the  lofty  Cheam  range  and 
tbe  isolated  Sumass  and  Chilliwack  monntuna  rising  out  of  the  Fraser 
valley  alluvium,  claimed  most  of  my  attention  for  the  season.  Tbe 
relative  accessibility  of  the  western  half  of  the  area,  the  simplicity  of 
its  formations  and  the  absence  of  important  outcrops  of  bed-rock,  war- 
ranted a  comparatively  rapid  study  of  the  flats. 

The  following  remarks  are  not  intended  to  be  so  much  a  summary 
of  result),  as  a  preliminary  statement  of  certain  general  conclusions 
whioh  will  receive  amplification  when  the  topographic  sketch  map  is 
completed,  the  plotting  of  geological  observations  accomplished,  photo- 
graphs developed  and  specimens  examined  in  the  laboratory. 

Considering  the  whole  length  of  the  transmontane  section  that  lien 
before  the  geologist  of  the  commission,  this  season's  work  was  dissp 
pointing  as  to  the  amount  of  ground  covered.  Tbe  lack  of  trails  on 
the  eastern  slope  of  tbe  Coast  range  forbade  my  carrying  the  section 
farther  east  this  year.  The  enforced  concentration  of  field-work  on 
the  area  actually  covered  was,  however,  a  great  advantage  in  reaching 
final  conclusions  as  to  tbe  structure  and  age  of  the  rocks  within  it. 

The  staple  rocks  of  the  Coast  range  are  metamorphic.  In  the  earlier 
reports  of  this  Survey  they  bear  tbe  general  name  of  the  '  Cascade 
Crystalline  Series.'  Among  the  localities  where  metamorphism  has  least 
affected  the  rocks,  allowing  original  structures  and  organic  remMna  to 
persist  in  recognizable  form  to  the  present  day,  the  long  section  of  tilted 
shales    and   limestones   briefly  described  by  Bauerman,  in  the  Chilli- 
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wBck  River  VAtley*  Beems  to  promise  more  iufonnatioa  oonceming  the 
geol<^;ical  history  of  the  southern  portion  of  the  range  than  any  other 
nction  yet  diecovered.  It  was,  however,  only  aft«r  seven  weeks  of 
March  that  the  first  fossil  was  found,  and  toward  the  end  of  the  sea- 
son that  the  moat  important  faults  and  folds  were  determined  in  a 
tatisfactory  way.  The  more  open  country  of  the  Skagit  valley  and  still 
futher  eastward  will,  I  believe,  permit  of  much  more  rapid  reconnais- 
unce. 

By  a  carious  aooideot,  the  International  boundary  Hoe.  roughly  Scenery  of  the 
speaking,  divides  the  Coast  range  into  two  parts  of  contrasted  scenic 
quality.  In  Washington  the  summits  are  the  higher  and  more  peaked, 
the  ridges  the  more  serrate,  while  ail  are  dominated  by  the  majestic 
Gone  o{  Mount  Baker ;  on  the  Canadian  side  the  massifs  are  somewhat 
lover,  are  more  rounded  and  less  abundantly  supplied  with  a  perennial 
nuv-cover.  While  this  is  tme,  the  panoramas  along  the  Chilliwack 
met  are,  nevertheless,  most  imposing.  The  inaccessible  horn  of  Slesse 
monntsiii,  7,700  feet  in  height,  is  the  loftiest  peak  of  the  belt,  and 
t^e  average  height  of  some  fifty  other  summits,  determined  barometri- 
ctlly,  is  over  6,500  feet.  They  win  impreosiveness  in  rising  either 
ftom  the  floor  of  the  Fraaer  valley,  a  few  score  of  feet  above  the  sea, 
w  from  the  deely  incised  tributary  valleys.  The  slopes  flanking  the 
caajoiu  may  be  thoee  of  almost  sheer  precipices,  500  to  2,000  feet  in 
faei^t,  or  the  usual  ones  of  about  thirty-five  degrees. 

All  indications  point  to  the  fact  that  erosion  is  responsible  for  the  Origin  of  the 
fiiuting  form  of  these  mountains.  So  constructional  surboe,  other 
llwD  Unee  slopes  aaaumed  by  moving  rock-waste  have  been  recognized 
uk  the  belt;  no  fault-scarp  or  fold  recent  enough  to  have  preserved 
any  of  its  original  form,  even  in  a  damaged  condition,  has  been 
<™'^.  Vigorous  dissection  by  denuding  agencies  has  removed  a 
nst  Tohme  of  rook  from  the  structurally  complex  range.  Yet  the 
''iitiiig  divenity  of  relief  oannot  be  far  from  the  maximum  due  to  the 
cycle  of  degradation  through  which  the  mountains  are  now  passing. 

A  ipecial  cause  for  their  ruggedness  is  found  in  the  erosive  activity  GUoial 
M  now  vanished  local  glaciers,  for  the  sierras  and  horns  have  been 
deTeloped  in  harmony  with  the  growth  of  numerous  high-lying  drquee^ 
uiphitheatres,  ools,  and  deep  reentrants  which  appear  in  all  parte  of 
the  region.  The  latter  forms  are  believed  to  have  been  formed,  or  at 
lewt  greatly  enlarged,  from  once  shallower  depressions  by  local  ice 
■beeta  of  glacial  times.     The  glaciation  of  the  belt  does  not  seem  to 

'Report  on  the  Genlag;  of  the  aoantry  near  the  Forty-ninth  Fanllsl  of  Nortb 
^«titDda  Weet  of  Che  Ra;kf  Mountaiiu,  from  obeervatioDB  made  in  IBCO-Sl.  Pub- 
labed  in  the  Ann.  Sep.  of  this  Survey  for  188S-4. 
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DanudatiMi.  hav«  be«n  genend  at  tmj  time.  The  reetonttioD  erf  th«  rock  matorisl 
vhich  has  (li»ppear«d  from  corrie  or  ool  or  deepened  VKlley,  'would 
afford  much  mora  rounded  oontonrs  and  profiles  tban  those  now  exist- 
ing. We  should  probably  have  somt)thing  approaching  the  fnll,  swelling 
outlines  of  the  nnglaciated,  deeply  decayed,  granitic  monntaina  itf 
Colorado,  smooth  slopes  mantled  with  graded  rock-waste.  If  those 
slopes  were  attacked  by  valley  glaciers,  as  the  glaciers  of  Switzerland 
and  Alaska  are  now  working,  not  only  removing  the  pre~g1acial  cover 
of  disintegrated  rock,  but  deepening  and  lengthening  valleys,  height- 
ening and  driving  backwards  the  head  walls  of  ravine  and  corrie,  there 
would  result  in  Colorado  a  serrateness  of  topognqiby  perhaps  as  great 
as  that  over  much  of  Washington  or  British  Columbia. 

Cirques.  Many  of  the  corries  in  the  belt  are  of  extreme  picturesqueness. 

Below  magnificent  head-walls  and  lateral  precipices,  one  to  two  thou- 
sand feet  in  height,  are  to  be  found  in  deveral  cases,  rock-basin  lakes 
or  tarns ;  above  are  perennial  snows  capping  the  surrounding  peaks 
which  stand  in  pleasing  contrast  to  the  rich  and  heavy  masses  of  ever- 
gmen  forest  in  the  tree  zone.  At  the  southern  end  of  Chilliwack  lake, 
I  found  a  fine  example  of  what  may  be  called  'tandem  oirqaes.'  In 
this  case  two  stately  amphitheatres  occupy  the  same  valley,  one  above 
and  en  axe  with  the  other.  The  upper  one  holds  a  true  tarn  ;  the 
lower  is  drained  by  a  series  of  cascades  into  the  lake.  Another  and  a 
finer  association  of  this  kind  was  examined  with  ease  from  a  trail 
between  Slesse  and  Middle  creeks,  and  leading  to  a  gold  property  now 
being  exploited  by  Mr.  G.  0.  Pierce,  at  an  elevation  of  5,000  feet. 
Here  three  tandem  cirques  of  considerable  size  succeed  each  other 
through  bead-wall  descents  of  1,000  and  300  feeL  Two  of  them  are 
occupied  by  rock-basin  lakes. 

Observations  were  made  which  warrant  further  inquiry  on  the 
question,  whether  the  excavation  of  corries  by  glaciers  is  in  any 
necessary  relation  to  a  combination  of  definite  jointage  and  massive 
structure  in  the  underlying  rock,  or  at  any  rate,  whether  excavation 
leading  to  the  peculiar  forms  of  corned  mountains,  be  not  much 
facilitated  by  that  combination.  The  best,  if  not  all,  the  well  defined 
cirques  of  this  belt,  were  found  either  in  the  massive  granite  or  massive 
diorite,  which  in  both  coses,  seem  to  offer  an  overriding  glacier  much 
advantage  in  plucking  out  the  joint  blocks.  The  process  of  plucking 
undoubtedly  plays  an  important  part  in  all  glacial  erosion ;  in  the  for- 
mation of  cirques  it  may  thus  assume  special  prominence. 
UountMu  Nothing  is  more  striking  in  connection  with  the  tarn  basins  than 

the  plain  evidences  that  in  the  development  of  each  one,  the  respective 
glacier  moved  nphiU  over  the  lip  of  the  basin  and  with  enough  live 
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energy  lo  acore  sad  groove  deeply  it«  moutonn^  sarfMe.  The 
amftlleat  tarn  visited  wu  lees  than  300  £eet  in  diameter,  and  from  the 
Bze  and  position  at  ite  corrie,  the  glacier  reeponsible  for  both  must 
have  been  very  small.  Tet  it  moved  with  grooving  power  for  a 
distance  of  Gft;  feet  np  a  twenty-eight  degree  slope  forming  part  of 
the  lip  of  the  basin.     Similar  observations  were  made  elsewhere. 

The  elevation  of  the  snmmits  within  the  belt  is  not  Buffideut  to 
permit  of  the  flourishing  of  large  glaciers  at  the  present  time,  though 
a  goodly  Dumber  of  fair  size  are  to  be  found  among  the  ji^ed  peaks 
just  across  the  boundary  liuei  Xone  in  the  belt  is  more  than  a 
quarter  of  a  mile  in  length. 

One  of  the  most  noteworthy  constructive  effects  of  the  former  Oridn  of 
glaciation  is  seen  in  Chilli  wack  i&ke,  which  owes  ixs  origin  to  a  heavy  ^^ 
morainal  dam.  Though  only  five  mUes  in  length  and  a  little  over  one 
mile  in  breadth,  this  sheet  of  water  must,  for  the  grandeur  of  its 
setting,  rank  among  the  finest  in  the  Dominion.  It  has  some  resem- 
blance to  Iiake  Lucerne,  but,  in  the  larger  features  of  colour  and  foim 
in  forest,  crag  and  glacier,  the  paaoramas  of  the  Canadian  take  are 
certainly  the  superior.  Some  day,  perhaps  not  far  distant,  it  should 
be  a  favoured  objective  point  for  tourist  traveL  The  moraine  holding 
in  the  waters  at  the  lower  end  of  the  lake,  is  a  faintly  cmscentic 
accumulation  of  large  granite  boulders  without  any  considerable  inter- 
mixture of  &ner  materials.  It  rises  steeply  from  thirty  fathoms  cf 
water  to  a  rather  even  crest,  100  feet  above  the  lake-level.  Its  length 
is  about  2,000  yards,  its  breadth  500  yards,  though  it  may  be  said  to 
merge  into  the  less  definite  deposits  lower  down.  The  moraine  wti  a 
built  at  a  late  stage  in  the  history  of  a  great  west-fiovring  local  glacier, 
the  scorings  of  which  were  observed  on  both  sides  of  the  Chilliwack 
valley,  at  all  elevations  up  to  5,200  feet  above  the  sea.  This  thick 
longua  of  ice  may  have  been  a  distributary  of  the  Cordilleran  ice-sheet 
shown  by  Dawson  to  have  covered  the  interior  plateau  in  glacial  times. 

The  lake  is  deep.  Forty-four  fathoms  of  water  were  found  not  for  Description  < 
from  the  shore.  Owing  to  a  lack  of  sufficient  line,  I  was  not  able  lo  Lok^ 
complete  enough  soundings  to  give  either  the  maximum  depth  or  the 
shape  of  the  bottom.  It  is  hoped  that  this,  with  a  similar  study  of 
certain  of  the  tarns,  may  be  accomplished  next  season.  Strong  deltas 
at  two  of  the  inflowing  streams  and  numerous  alluvial  cones  about  the 
lake,  show  that  it  is  being  rapidly  filled.  The  lake  b  about  1,850  feet 
above  the  sea ;  the  granite  walls  surrounding  it  rise  steeply  and 
abruptly  from  the  water's  edge  3,000  to  4,600  feet  higher.  If  we  may 
judge  from  the  truncation  of  spars  lying  between  the  tributary  gulohes, 
glacial  eroeioD  seems  to  have  given  its  present  fiord-like  character  to 
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the  valley.  What  originally  fixed  the  axial  trend  of  the  valley,  may, 
perhaps,  never  be  told,  yet  there  is  a  marked  parellelism  between  it 
and  a  system  of  maBter-joints  ia  the  granite,  which  suggests  an  adjoat- 
ment  analogous  to  that  of  a  aubaequent  stream  on  a  belt  of  aoft  rock 
in  a  tilted  sedimentary  aeriea. 

Excellent  land  for  farming  purpoaes  occurs  on  broad  heavily  timbered 
benches  extending  from  the  lake  dam,  or  a  little  below  it,  to  the  Fraser 
flata.  The  bench  form  is  due  to  the  terracing  of  glacial  gravels,  sands 
and  clays  by  the  torrential  river.  The  material  thus  removed  from  the 
valley,  together  with  similar  products  from  side  valleys,  have  been 
carried  through  a  narrow  '  iron  gate '  or  rock-gorge,  where  the  river 
debouches  from  the  mountains,  and  there  built  into  a  flat  alluvial  fan. 
The  apex  of  the  fan  is  about  sevenl^-five  feet  above  the  flooded  Fraser, 
and  its  radii  extend  five  miles  or  more  to  Sumass  mountain.  The  size 
of  the  fan  recalls  the  still  larger  fan  of  the  Bow  River  and  the  finely 
mapped  examples  on  the  flanks  of  tbe  San  Bernardino  mountains, 
California.  By  the  vigorous  growth  of  the  Chilliwack  fan,  several 
small  streams  flowing  northward  between  Yedder  and  Sumass  moun- 
tains have  been  dammed  up  and  Sumasa  lake  ia  the  result.  Although 
posaessing  in  time  of  high  water,  an  area  of  about  fifteen  square  miles, 
thia  lake  is  in  all  parte  usually  under  ten  feet  in  depth,  excepting  in 
the  channels  of  inflow  and  outflow.  In  late  aummer,  the  maximum  depth 
decreases  to  less  than  six  feet  and  the  area  diminishes  accordingly. 
A  plan  to  drain  tbe  lake  and,  by  anitable  dyking,  to  reclaim  not  only 
its  bed  but  enough  of  the  surrounding  land  subject  to  freeheta  to  make 
a  total  of  thirty  thousand  acres,  haa  been  developed  and  needs  only 
capital  to  bring  it  to  a  anccessful  issue.  The  engineering  difficulties 
can  be  evercome  with  an  expenditure  that  is  small  compared  to  tbe 
great  value  of  thia  particular  land.  The  latter  is  probably  aa  rich  as 
any  part  of  the  Fraser  valley,  and  needs  no  clearing,  since  it  ia  either 
prairie  or  lake  bottom  to-day.  The  tract  further  enjoys  the  advantages 
of  proximity  to  growing  markets  and  of  being  part  of  the  limited  farm- 
ing land  of  British  Columbia.  Capitaliato  will  do  well  to  examine 
tbe  project  with  experta  on  the  ground.  One  of  the  chief  hindrances 
to  the  successful  prosecution  of  the  scheme,  is  the  strong  flooding  of 
the  Chilliwack,  which  obeys  the  law  of  streams  on  their  alluvial  fans 
of  periodically  shifting  its  bed  from  one  to  another  radius  of  the  fan. 
The  expense  of  securely  dyking  in  the  river  could,  however,  be  partly 
compensated  for  by  tbe  cheapness  of  the  water-power  for  pumping 
dredging  or  other  purposes ;  some  forty  feet  of  fall  in  tbe  river  may  be 
tiecured  for  turbines  and  would  fumiah  a  great  store  of  energy. 

A  fortnight  was  spent  in  a  rapid  study  of  the  Fraaer  delta,  utilizing 
the  river-banks,  the  sea-clifb  near  Blaine  and  at  Point  Boberte,[^the 
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TaIb  wagon-roftd,  and  the  raitnwda  interaecting  th«  belt.     The  chief 

result  was  to  show  that  the  delta  ia  compound  in  nature.    At  Hunting-  Fnaer  delt&. 

don,  at '  Uoant'  Lehmann,  at  Point  Boberte,  across  the  rirer  from  New 

Westmimter  and  elsewhere,  are  broad  flat-topped  plateaus  of  washed 

gravels  and  a&nd  with  associated  local  patches  of  typical  till.     The 

avera'>e  height  of  the  plateaus  is  about  two  hundred  feet.     The;  are 

considered  as  remnants  of  a  great    accumulation  of   debris,    partly 

allavium,  partly    ice-laid   drift,  spread  out  over  the  lower  part  of 

the  Fraser  valley   in  glacial  times,  after  the  manner  of  delta-growtb 

in  front  of  Alaskan  glaciers  at  the  present  time.     Post-glacial  uplift 

has  enabled  the  powerful  distributaries  of  the  river  to  cut  to  pieces 

the  original  delta,  so  that  now  but  Bmall  portions  of  its  surface  are  to 

be  seen.     The  process  is  thus  related  to  the  strong  terracing  of  the 

upper  part  of  the  Fraser  v^ley.   The  prairies  about  Ladner's  Landing 

are  situated  on  the  newer  delta  which  is  now  advancing  rapidly  into 

the  GuLf. 

For  reasons  already  stated,  this  report  must  be  particularly  brief  Bed-rock 
with  respect  to  the  geology  of  the  fundamental  rocks  or  in  any  discus-  ^*'"^^' 
raon  of  the  mining  prospects  of  the  belt.  What  appears  to  be  the 
<ddest  formation  in  the  area  ia  repreeented  in  a  series  of  coarse  and 
finer-grained,  plicated  quartz-hornblende  gneisses  associated  with 
diorites.  They  occur  along  the  western  base  of  Vedder  mountain  in 
the  form  of  a  narrow  band  of  rock,  limited  on  the  north-west  by  the 
alluvium  of  the  flats.  Overlying  the  gneisses — doubtless  unconfor- 
nubiy— is  an  extremely  complex  group  of  feldepathic  sandstones, 
grits,  conglomerates,  shales  and  quartzites,  the  last  being  of  a  charac- 
teristic green  colour  on  exposed  surfaces.  They  have  as  yat  yielded 
no  foetdls,  but  the  somewhat  peculiar  nature  of  the  sandstones  and 
qnartates  suggests  the  correlation  of  the  series  with  a  much  greater 
development  of  similar  rocks  outcropping  abundantly  in  the  walls  of 
the  Tamihy  Creek  canyon.  These  latter  beds,  too,  have  afforded  no 
fosals.  They  underlie  nnoonformably  a  third  series  of  rocks,  consist- 
ing of  black  and  gray  shales  and  bluish-gray,  semi-crystalline  lime- 
stones aggregating  oyer  2,600  feet  in  thickness.  Both  shales  and 
limestones  have  furnished  organic  remains. 

The  shales  in  the  upper  part  are  abundantly  charged  with  molluscs,  Fouil^ 
brachiopods  and  crinoids  in  so  poor  a  state  of  preservation  that 
tiiey  prove  as  yet  simply  the  Falteozoio  age  of  the  strata.  The 
OTerlying  limestones,  some  800  feet  in  thickness,  hold  the  same  or' 
douly  aUied  species.  They  are  filled  in  certain  zones  with  thick 
conoretionary  knots,  lenses  and  reticulate  masses  of  chert  which  may 
possibly  yield  microscopic  forms  of  interest.     No  closer  determinoticn 
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of  the  age  of  these  beds  can  be  announced  until  the  apecimena  have 
been  examined  in  Ottawa.     Topographically,  the  hearj  limestone  ia 
the  most  important  member  of  the  seriea ;  it  has  a  tendency  to  form 
strong  ridgea,  acarpa  or  bln%,  wherever  it  crops  out  ia  the  belt 
Foldi.  tj^ig  limestone  composes  the  summit,  6,500  feet  above  the  sea,  of  the 

so  called  Black  mountain  (really  whitish),  a  conapicuoua  peak  between 
Slesae  and  Tamihy  creeks.  With  the  underlying  shales  and  green 
metamorphios,  it  has  been  flexed  into  a  rather  regular  S-abaped  fold 
similar  to  an  Appalachian  zigzag.  The  pitch  of  the  axes  is  directed 
due  east.  The  nose  of  the  anticline  ia  found  at  the  point  where 
Slease  creek  empties  into  the  Cbilliwack  and  the  river  flows  westward 
for  some  nine  miles  in  the  unroofed  anticline.  The  unexpected  dia- 
coveryof  such  an  axial  direction  for  these  great  folds  may  throw  some 
light  on  the  determining  cause  for  the  east  and  west  course  of  the 
broad  Fraser  valley  from  Hope  to  the  sea. 

FanlU.  The  northern  timb  of  the  anticline  compoees  part  of   the  thick 

monoclinal  series  described  by  Bauerman  in  his  section  up  the  river. 
The  remainder  of  the  section  ia  made  up  of  the  same  shales  and  lime- 
stonee  repeated  some  four  times  by  north-west  and  south-east  step- 
faults  with  downthrows  to  the  aouth-weat.  Abundant  large  crin- 
oidal  stems,  similar  to  those  occurring  on  Black  monatain  were  dis- 
covered in  the  crystalline  limestone  at  Thurston's  ranch  opposite  the 
mouth  of  Slesae  creek.  It  was  the  five-fold  occurrence  of  thia  thick, 
easily  recognized  bed  which  at  length  pointed  to  a  series  of  parallel 
faults  as  responsible  for  the  duplication  of  beda  in  the  twenty-mile 
monocline  of  the  river  valley.  Duplication  by  overthrown  folds 
proved  to  be  highly  improbable.  In  some  cases  planes  of  slipping 
were  actually  seen.  The  great  thickness  of  24,000  feet,  given  to  the 
series  by  Bauerman,  is  believed  to  be  very  much  in  excess  of  the  real 
strength  of  the  beds.  A  careful,  close  estimate  cannot  be  made  until 
the  map  ia  completed  and  observations  are  plotted,  but  the  total  thick- 
ness must  be  less  than  four  thousand  feet. 

Indioatbns  of      A  small  patch  of  mineralized  ferruginous  schists  and  saccharoidal 
lilver.  ciystalline  limestone  was  discovered  in  cnatoct  with  intrusive  granite 

in  the  extreme  eastern  portion  of  the  belt.  It  is  possible  that  they  repre- 
sent the  altered  equivalents  of  the  Palssozoic  beds  above  described. 
There  are  indicationa  of  the  occurrence  of  both  silver  and  gold  east  of 
'Cbilliwack  lake,  aud  that  portion  of  the  belt  can  be  especially  recom- 
mended for  exploration  by  prospectors.  Until  our  trails  were  this 
summer  cut  through  to  the  lake,  almost  no  prospecting  had  been  done 
in  the  upper  part  of  the  valley.  Throngh  July  and  August,  a  few 
men  advanced  eastward  beyond  the  granite,  and  also  reported  the 
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cMmtiy  to  be  wortbj  of  close  exammstion.  The  re-opening  of  the 
old  Boimdary  Comauasion  trul  wonid  make  the  latter  poeeible.  It  is 
to  be  boped  that  thia  tract,  which  ia  specially  interesting  to  the 
geologist,  Till  be  rendered  accessible  next  year  by  meaos  of  a  suitable 

pMk-tKul. 

Tbe  long  monDclioal  section  is  confined  almost  entirely  to  the  north  StmcturcB 
tida  of  the  Chilliwack  river.     From  that  stream  to  the  boundary  line,  chilliwaok 
tie  structures  are   more  complex.     The  shales  ate  represented  by  "'"■ 
pbyllitot  and  slates,  often  impregnated  to  a  remarkable  degree  with 
pjTJte  sod  other  minerals ;  the  sandstones  are  altered  to  quartdtes 
and  Khists.    All  the  sediments  exhibit  s  degree  of  indaration  and 
nunenliution  much  in  excess  of  that  displayed  north  of  the  river. 
TUi  difiereace  is  to  be  explained  partly  by  more  intense  local  crump- 
lug,  uid  partly  by  the  contact  metamorphism  of  intrusives, 

Tile  shales  and  limestones  are  cut  by  a  considerable  number  of  Kruptive 
eruptive  rocks,  all  intrusive  with  the  exception  of  an  aoiygdaloidal 
l&va  which  appears  in  small  patches  on  the  rugged  peaks  west  of 
Tsmihy  creek.  The  latter  rock,  with  associated  tnSa,  ia  possibly  con- 
temporsneons  with  the  shales.  The  most  important  intrusive  from 
the  standpoint  of  area  covered,  is  an  extensively  developed  hornblende 
biotite  granite,  already  noted  by  Bauerman,  in  the  eastern  part  of  the 
wctioD.  Its  contacts  were  located  throughout  the  area,  and  its  intru- 
sive character  clearly  proved.  Its  numerous  basic  segregations,  the 
accompnoying  aplitic  and  lamprophyrio  dykes  and  metamorphio 
aaraole  well  deserve  detailed  study.  Quartz  veins  of  good  size  are 
cDDiparatively  rare,  either  in  the  granite  or  in  its  contact  zone,  but 
coarse  pegmatites  are  oommon  there. 

The  granite  ia  also  intrusive  into  an  irregular  mass  of  variable  Oocurrenca  oE 
dbrit*  occurring  between  Sleese  creek  and  the  lake.  The  exomorphic  '^°^' 
wne  of  the  diorite  is  still  more  interesting  than  that  abont  the 
newer  ernptive.  Observation  seems  to  show  that  the  concentration 
of  gold  in  the  quartz  leads,  now  being  developed  in  the  region,  may  be 
referred  chiefly  to  that  zone.  Free  gold  in  paying  quantities,  accord- 
ing to  samples,  has  been  found  several  miles  from  any  viaible  granite 
wotact,  but  never,  to  my  knowledge,  at  any  great  distance  from  the 
iotmsive  diorite.  Igneous  dykea  cutting  the  diorites,  together  with 
others  among  the  sedimentary  rocks  of  the  belt,  will  be  microscopically 
ezsmined  in  Ottawa. 

A  few  years  ago,  great  excitement  was  created  among  mining  men 
by  tfae  discovery  of  the  '  Lone  Jack '  gold  property  on  Red  mountain, 
ud  about  four  miles  south  of  the  point  where  Slesse  creek  crosses 
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Mount  Bkket.  th^  booadary  line.  Tho  net  result  hu  been  to  give  the  Mount  Baker 
mining  distriot  a  greater  reputation  than  it  at  present  deserves,  if  we 
may  judge  by  the  amount  of  production  yet  achieved.  A  small  amount 
of  free-milling  high  grade  ore  and  a  large  quantity  of  low  grade  ore 
distributed  in  many  narrow  veins,  is  now  in  sight  in  the  large  number 
of  claims  staked  off  on  the  United  States  side  of  the  line.  On  the 
Canadian  side,  only  one  prc^Hsrty,  that  of  Ur.  Fierce,  already  noted, 
is  being  developed  with  an  annual  expenditure  greater  than  the  aasees- 
meots.  Mr.  Pierce's  assays  average  over  forty  dollars  to  the  ton  of 
the  free-milling  metal.  Not  only  has  he  a  tolerably  rich  quartz  lead, 
bnt  hia  property  includes  an  extensive  belt  of  an  interesting  anrifer- 
ouB  rock  which  I  take  to  be  an  altered  limestone.  This  rock  will 
undergo  detailed  study  in  the  laboratory.  A  further  encour^ement 
to  Mr.  Pierce's  enterprise  is  an  abundant  supply  of  water-power  on  the 
ground.  Numerous  other  claims  were  visited,  but,  either  on  account 
of  the  aiuall  quantity  of  ore  in  sight,  or  because  of  its  low  grade  char- 
acter, none  of  them  seemed  so  promising  as  this  one.  The  strongly 
mineralized  rocks,  such  as  appear  in  the  vicinity  of  the  '  Lone  Jack  ' 
mine,  extend  but  a  shor^  distance  (from  one  to  three  miles)  into  Can- 
ada ;  we  must,  therefore,  not  expect  many  important  discoveries  of  the 
precious  metal  within  the  ten-mile  belt  explored  this  season.  A  ten- 
feet  bed  of  magnetic  iron  is  reported  to  have  been  found  at  the  close 
of  the  season  on  Bed  Mountain,  a  few  hundred  yards  north  of  the 
line,  bnt  I  bad  no  opportnnity  of  reaching  it  in  its  remote  position 
from  any  trail. 

Kimt  bearing  So  stratified  bed-rock  formation  later  than  the  Paleeozoic  seriea 
appears  in  the  belt  except  a  small  patch  of  coal-bearing  shales,  sand- 
stones, grits  and  conglomerates,  probably  Cretaceous,  occurring  on 
Sumass  mountain,  and  on  the  opposite  ndges  to  the  north  and  south 
of  the  Cbilliwack  river.  The  thickness  is  considerable — 1,500  feet 
— but  the  area  is  small,  not  more  than  five  or  six  square  miles.  A 
few  fossil  leaves  were  found  tn  situ,  and  better  specimens  were  pre- 
sented to  the  Survey  by  Mr.  D.  G.  Gray  and  Mr.  M.  McArdli;.  Mr. 
Gray  is  the  manager  of  a  boring  plant  which  has  already  sunk  one  hole 
630  feet  deep  in  the  seareh  for  coal  and  is  continuing  operations  on 
the  southeast  side  of  Sumass  Mountain.  The  thickest  coal-bed  known 
to  roe  here  measures  thirty  inches.  The  togs  of  the  borings  are  not 
yet  accessible  to  the  Survey ;  they  may  show  the  presence  of  a  heavier 
deposit.  The  quality  of  the  coal  is  at  least  fair,  as  some  of  it  has  been 
successfully  used  for  blacksmithing  purposes.  In  this  case,  also,  the 
exact  age  of  the  beds  cannot  be  made  out  until  the  fossils  have  been  deter 
mined,  but  the  similarity  to  the  Cretaceous  rocks  of  Nanaimo  is  strong. 
The  measures  lie  at  the  base  of  the  eeriee  which  has  everywhere  gentle 
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dipt  and  repose  tmooaforniRbly  od  oontorted  gray  qn&rtziteB  and  hard 
nndstoaes  composing  mnch  of  Snmass  Moontaio.  The  Utter  are  cot 
by  t,  6nfrfrained  diorite  which  is  associated,  in  the  form  of  a  remark- 
•bl«  Bov-breocis,  with  a  newer  granite.  The  coal  measaree  overlap 
th«  breccia. 

The  following  ia  a  provinonal  sammary  in  deecending  order  of  the  ?°P'°'5y  "' 
different  formations  in  the  belt,  the  nomenclature  of  which  must  not,  geology. 
bovarer,  be  considered  as  that  which  may   be   adopted  in   the  fuller 
fioil  report; 

GLuikl  and  recent  deponts. 

CntBcemu  (?),   plkDt-bearing  bedi  with  OTorlfing  beds  conformable 

■rich  tbem. 
IntnuiiveB  of  Suman  Mountain. 
FcudlifenniB  PalxoEoic  beds  with  others  oonfonaable  with,   and 

underlying  them. 
Green  qoartnta  aeriea. 
Vfdder  Mountain  gneiBsea. 

Tbe  a^  of  the  large  number  of  dykes  in  the  area  and  of  the  intra-  '^s^of'^yk"- 
sire  gnnite  and  diorite  of  the  mountain  tract,  are  not  yet  known 
with  a  d^ree  of  confidence  that  would  warrant  tbeir  assignment  to 
definite  geological  epochs.  Using  only  the  information  to  be  derived 
from  this  particular  region,  they  are  to  be  referred  to  the  long  interval 
between  the  Falseozoic  stage  represented  and  the  glacial  period.  The 
bearing  of  the  facts  ascertained  by  field-study  this  season  on  the 
qaextion  of  dates  of  the  various  epochs  of  mountain-bnilding  in  this 
pirt  of  the  Coast  range,  will  be  disonssed  in  the  final  report. 


Thr  Boundary  Cbbek  District,  Britisb  Columbia. 
Mr.  B.   W.  Brock. 

Tbe  winter  and  early  part  of  the  summer  were  spent  in  Heidelberg, 
Oemuuiy,  in  studying,  microscopies lly,  rocks  oollected  during  preceding 
■easoDs  in  West  Kootenay,  B.C.  On  returning,  I  reached  Ottawa  on 
Angnit  9,  but  was  delayed  until  the  12th  in  getting  the  necessary 
inpplies  for  field-work.  On  this  date  I  left  Ottawa  with  iDstructioos  Start  (or  Reld. 
to  ezteod  the  work  into  the  Okanagan  mapeheet  from  the  western 
border  of  the  West  Eootenay  sheet,  where  work  was  left  off  last 
■euon.  Mr.  Leach,  who  had  charge  of  the  topographical  work  in 
West  Kootenay,  having  been  transferred  to  the  coal-fielda  of  the 
Crow's  Nest  Pass,  I  was  this  season  without  a  topographer,  and 
prcigren  to  the  work  was  neceesMily  slower. 
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Oreeuwood  was  ulected  as  headquarters  and  work  was  ooofined  to 
portiooe  of  the  Graad  Forks  and  Kettle  river  miniag  divisions  of  the 
Boundary  district  Commeocitig  &eld-wofk  at  Grand  Forks,  Hardy 
creek  was  ascended  to  Hardy  mountain,  and  the  oonntry  between  July 
creek  and  the  North  Fork  o(  the  Kettle  river  to  the  international 
boundary  line  was  examined.  From  here  the  work  was  extended 
northward  to  Summit  OBmp.  From  this  point  the  area  between  Brown 
creek  and  the  North  Fork  was  examined-  Moving  southward,  the 
district  between  July  creek  and  Boundary  creek  waa  examined  a  short 
distance  soulh  of  Wellington  camp.  From  Wellington  camp,  July 
creek  was  descended  and  camp  was  moved  to  Grand  Forks.  From 
Grand  Forks,  a  trip  was  made  up  the  main  North  Fork  of  the  Eettla 
river,  to  examine  the  rocks  in  which  coal  had  recently  been  discovered. 

On  retaruing  to  Grand  Forks,  work  was  extended  from  July  creek 
to  Boundary  creek,  south  of  Wellington  camps,  to  the  boundary  line, 
including  Central  and  Attwood's  camps.  A  traverse  was  then  made  of 
the  Columbia  and  Western  railway,  between  Midway  and  Grand 
Forks,  the  railway  cuttings  afibrding  fine  exposures  of  the  rocks  of  the 
district.  Ordinary  field-work  was  suspended  on  October  23,  the 
remainder  of  the  season  being  devoted  to  an  investigation  of  the  ore- 
bodies  of  the  district  examined,  together  with  some  of  the  representa- 
tive ones  of  Deadwood  and  Copper  oamps.  I  returned  to  Ottawa  on 
November  13. 

The  district  between  the  North  Fork  of  the  Kettle  river  and  the 
main  stream  south  of  Pass  creek,  while  mountainous,  is  lower,  less 
nigged  and  more  open  than  the  country  to  the  east.  The  mountains 
take  the  form  of  comparatively  even  rounded  ridges,  scarcely  exceeding 
5,000  feet  in  height,  often  with  broad  summits  and  rather  gentle 
slopes.  The  northern  slopes,  where  they  have  escaped  forest  fires,  are 
always  well  wooded,  and  the  eastern  slopes  generally  so.  Southern 
slopes,  as  a  rule,  nre  open  and  grassy,  and  the  western,  either  grassy 
or  park-like.  To  a  large  extent  the  country  is  drift-covered,  with 
knees  and  elbows  of  rock  protruding.  North  of  Pass  creek  the 
mountains  are  higher,  rising  in  pyramidal  peaks  to  a  height  of  about 
7,600  feet,  and  the  country  is  less  open  and  more  rugged. 

The  climate  is  drier  than  that  of  West  Kooteuay.  This,  with  the 
lower  altitude  of  the  mountains,  the  consequent  lighter  snowfall  and 
more  rapid  melting  in  the  spring,  makes  the  water  supply  less  copious 
and  reliable,  although  the  district  is  still  fairly  well  watered.  The 
valleys,  as  a  rule,  are  large  and  wide,  affording,  in  a  number  of 
instances,  good  ranching  lands.  The  v&tley  of  the  main  North  Fork, 
as  far  as  the  junction  of  the  East  Branch,  was  described  in  the 
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flnmnurj  Report  of  last  year.  From  this  fork  northward,  the  valley 
ii  narro*'  and  for  the  moet  part  Y-shaped,  bnt  widening  at  intervals 
vith  a  nnoll  flttt  or  swamp  in  the  river  bottom.  July  creek  has  a 
diort  deep  valley  with  an  even  gradient. 

Boaodary  creek  occupies  the  principal  tongicndinal  valley  between 
the  North  Fork  aad  the  main  Kettle  river.  Along  ita  lower  stretch  it 
ii  &  vide  U-ahaped  valley,  with  good  grazing  land  on  ite  lower  slopes- 
Hie  transverse  valleys  are  9hort  and  steep  but  still  larger  and  older 
looking  than  the  corresponding  valleys  in  West  Kootenay.  The 
topography,  as  a  whole,  is  that  of  an  older  mountain  district. 

Host  of  the  valleys  are  or  have  been  well  wooded.  The  timber  of  Timber. 
tlie  North  Pork  is  the  largest  and  most  valuable,  both  for  mining  and 
bnilding  pnrpoaes.  The  vegetation  is  similar  to  that  of  West  Kootenay 
outlined  in  the  last  Summary  Report,  The  open  hillsidoa  are  usually 
clothed  with  banch-gnus,  and  sage-brush  was  observed  at  one  or  two 
loctlibiea. 

Althou;;h  this  district  may  be  traversed  with  less  difficulty  than  Geoti^ii^ 
Weat  Kootenay,  geolt^ical  work  is  not  much  easier,  as  the  covering  of 
drift  ici  many  places  conceals  the  locks  and  good  expoeurui  are  found 
with  difficulty,  if  at  all.  Frequently  the  critical  paints,  such  as  con- 
tkcts,  tie  entirely  drift-covered.  While  prospect  pits  are  usually  to 
he  found,  these  are  not  altogether  satisfactory  for  geological  purposes, 
fci  mioeralization  obscures  the  original  struoture,  as  it  alters  the 
original  character  of  the  rocks.  After  a  few  words  on  the  nature  and 
distrilratJon  of  the  rocks,  a  short  account  of  the  occurrence  of  ores  in 
them  vill  be  given.  As  in  the  Kootenay  district,  the  geology  is  com- 
p)n  ud  diversified. 

Ernptive  rocks  (greenstones,  granites,  various  intrusive  dykes,  tufb  Socki 
ud  Utu,  etc.)  have  the  widest  distribution.  Sedimentary  rocks,  such  " 
M  bmestone,  generally  crystalline,  argillites,  quartzites,  together  with 
motanwrphio  rocks  including  serpentines,  are  met  with  in  almost  all 
pvta  of  the  district,  bnt  do  not  have  very  large  dimensions  in  any  one 
place,  being  caught  up  as  inclusioos  in  the  intrusive  eruptive  rocks. 
IV  oldest  rooks  leoogiuzed  in  the  district  are  the  sedimentary  and 
ciyttalline  onea. 

On  Observation  monntain  near  Grand  Forks  and  on  the  rounded  Crj;«>]line 
laU  a  little  south  of  west  of  this  and  some  of  the  hill-aides  on  Newby'a 
ranch,  are  crystalline  mioa  and  hornblende  schist  with  a  few  bands  of 
crystalline  limestone.  These  highly  altered  rooks  resemble  lithologic- 
tll;  those  of  the  Shoswap  series  (Archnan),  but  may  only  be  the 
argillitee  and  limestones  found  elaewhere,in  a  more  metamorphosed  form. 


ib.  Google 


64   A.  aBOLOQIOAL  BORTBY  DIPARTUBNT 

The  AFgillites,  tn  places  altered  to  schiate  and  faomfela,  limestone, 
neually  crjBtaUine,  often  highly  so,  quartzite,  the  tatter  occurring  only 
sparingly,  together  with  eerpentine  which  oocnrs  in  many  portions  of 
the  district  aasociated  with  these,  form  a  groups  which  closel}'  resembles 
the  Cache  creek  series  described  by  Dr.  Dawson*  and  assigned  by  him 
to  the  Carboniferous.  In  the  Boundary  creek  sedimentary  rocks  DO 
fossils  have  been  found,  bub  they  are  probably  of  about  the  same  age 
as  similar  rocks  occurring  to  the  north  and  wsst,  and  may,  on  this 
groond,  be  provisionally  classed  as  Carboniferous.  Owing  to  their  mode 
of  occurrence  their  strike  is  not  uniform.  It  may  be  in  any  direction 
bat  most  frequently  perhaps  it  approaches  north  and  south. 

Somewhat  newer  than  the  sedimentary  rocks,  but  probably  with 
no  very  great  lapse  of  time  intervening,  are  the  greenstones,  which  have 
the  greatest  development  of  all  the  rocks  in  the  southern  portion  of  the 
area  examined.  These  rocks  in  the  district  under  discussion  appear  much 
altered.  When  the  structure  can  be  plainly  seen  it  seems  to  be  an 
angite-porphyrite,  similar  to  that  found  in  so  many  portions  of  the  West 
Eootenay  district.  In  many  places  it,  like  the  West  Kootenay  rock, 
appears  to  be  an  agglomerate.  Usually  it  is  massive,  but  under  pressure 
it  has  in  places  become  more  or  less  schistose,  and  difficult  or  impossible 
to  distinguish  microscopically  from  Eome  of  the  included  argillites.  It 
cute  and  holds  inclusions  of  the  older  sedimentary  rocks.  Indeed,  in 
most  of  their  occurrences,  these  latter  appear  simply  as  islands  of  greater 
or  less  size,  caught  up  in  this  greenstone.  In  places,  particularly  near 
a  contact  with  limestone,  it  is  almost  filled  with  small  fragments  of 
the  rocks  through  which  it  has  cut. 

Occurring  with  it,  as  at  Summit  City  on  the  east  road  to  Ebolt  and 
at  Fhoenix  are  areas  of  a  tuff-like  rock.  The  material  is  green,  resem- 
bling the  porphyrite^  the  fragments,  which  are  usually  angular  often 
with  protruding  corners,  are  of  limestone  (crystalline)  oherty  quartz, 
red  and  black  argillite,  and  are  usually  tumultuously  arranged.  They 
vary  greatly  in  amount  and  size.  Sometimes  they  form  almost  the 
entire  rock.  In  these  rocks  are  fine-grained  bands  resembling  volcanic 
ash.  Before  these  rocks  have  been  studied  microscopically  it  is  impos- 
sible to  draw  a  line  between  the  greenstone  filled  with  inclusions  of 
the  older  rock  and  these  bands  of  apparent  tuBs.  At  one  or  two 
points,  such  as  near  Mile-post  72  on  the  Columbia  and  Western  rail- 
road, is  a  massive  looking  rock,  full  of  pebble-like  fragments  which 
might  prove  when  studied  microscopically  to  be  an  associated  con- 
glomerate.    Whilst,  therefore,  at  some  points  there  is  doubt  as  to  the 
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uton  ot  the  '  pudding-stone '  like  rock,  at  moet  points  it  is  probably 
gnenatone  filled  with  inclnsionB,  with,  in  places,  associated  tufiTs. 

Newer  than  and  catting  the  greenstone  is  a  gray  homblende-biotite-  ^^a  smute. 
gre&ite  which  has  an  important  development  on  Boundary  creek  at 
CireeDwood.  Small  inlrusioos  of  it  occur  in  Wellington  camp  and  on 
Hsrdy  mountain.  Near  its  contact  with  the  greenstone  and  where  its 
aaia  it  email  it  is  often  ooarse-graioed,  more  basic,  (as  if  it  had  absorbed 
biuic  material  from  the  older  rock)  and  inclined  to  be  fragmatitic.  Owing 
to  differeotiation,  facies  of  this  rock  also  occur  which  are  not,  strictly 
tpe&king,  granite.  Granite  porphyry  dykes  from  it  cut  the  older  rocks 
for  s  coQgiderable  distance  from  the  parent  masses.  A  crushed  por- 
phjiy  dyke  on  the  south  fork  of  McCarren  creek  and  at  Central  and 
AUvood  camp  may  belong  to  this  series  of  dykea.  It  will  probably 
prore  to  be  the  same  rock  as  the  Nelson  granite  of  West  Kootenay* 
sod  sbont  JurasBic  in  age. 

Sear  Central  camp  are  exposures  of  a  gray  monzonite-like  rock 
sol  djkes  of  a  similar  rock  occur  in  the  gray  granite  near  Greenwood 
sod  in  (he  greenstone  at  the  Ruby  claim.  Whether  this  rock  is 
related  to  the  Rossland  monzonites  and  therefore  newer  than  the  gray 
gnnite,  or  whether  only  facies  of  the  grey  granite  and  its  dykes,  has 
je(  to  be  determined.  A  pinkish  acid  granite  newer  than  the  gray 
aod  beioDging  to  the  rock  largely  exposed  on  the  divide  between  the  Yoanger 
Ewt  Bnmch  and  the  main  North  Fork  of  the  Kettle  river,  occurs  on  P*"'"*- 
tb«  latter  about  10  miles  above  the  fork  of  the  East  branch.  On 
the  Korth  fork  of  the  Kettle  river  there  also  nccnrg  a  still  newer 
rock,  a  reddish  porphyritio  granite  similar  in  appearance  to  the 
Itonlwl  granite. 

Dykes  of  »  reddish  or  yellowish  porphyry  with  a  fine-grained  grann-  Dyke  rooln. 
Isr  groond-maas  and  rosette-like  phenocryats  of  feldspar,  vith  some  of 
biotite,are  common,  especially  in  the  neighbourhood  of  ore  deposits.  On 
tiie  Carbonates  claim  this  reddish  porphyry  is  seen  as  a  contact  facies  of 
s  WATM  porphyry  similar  to  those  observed  east  of  the  North  fork  and 
is  Uk  Koseland  district,  where  the  dykes  are  from  the  Rossland  granite. 
So  it  Tould  appear  that  the  porphyry  dykes  of  the  Boundary  district 
hold  the  some  genetic  relationship,  although  it  has  yet  to  be  -proved 
tbtttiiey  have  no  connection  with  the  recent  Tertiary  volcanic  rocks. 
Betides  the  porphyry  dykes  are  others  of  dark  lamprophyrio  rocks  and 
•ome  of  a  dark  brownish  basalt-like  rock.  Un  account  of  their  some- 
'bst  limited  occnrrance  and  the  lack  of  exposures  at  critical  points,  the 
nJatire  age  of  these  rocks  with  respect  to  that  of  the  porphyriee  could 
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not  ba  determined,  but  from  analogy  of  similar  rocks  in  thn  Kootenay 
district  one  miglit  expect  them  to  prove  to  be  n«wer. 
Votouio  The  recent  volcanic  rocks  occur  in  numerous  localities  as  ontliera, 

FemaantB  of  a  sheet  of  Tolc&Dio  rocks  which  once  covered  the  entire 
country,  but  which  have  been  largely  eroded  away.  The  series  consists 
of  ooarse  and  fine  tufis  and  ash  beds,  some  shales  and  sandstones  in 
which  coal  is  found  in  places,  sheets  of  andesites,  basalts,  pilchstone, 
and  probably  other  volcanic  rocks.  These  volcanic  rooks  oft«n  have 
phenocryats  of  feldspar  and  are  locally  known  as  'birds-eye  [nrphyry/ 
Similar  rocks  have  been  foand  and  described  by  Dr.  Dawsoa  in  the 
country  to  the  west  and  are  largely  represented  in  the  areas  embraced 
in  his  Kamloops  and  Shuawap  sheets.  From  strati  graphical  and  fossil 
evideucea  he  assigned  them  to  the  Tertiary.  A  few  fosEil  plants,  which 
have  not  yet  been  determined,  were  found  in  these  rocks  on  the  North 
fork  of  the  Kettle  river. 
DiMribntJon  Owing  to  the  intrusive  nature  of  most  of  the  rocks,  their  distribution 
^ween^Tuly  ^  complex  and  only  a  small  area  need  be  examined  to  form  the  acquain- 
creek  uid  thn  tance  of  most  of  the  rocks  of  the  district.  Without  aoing  into  details 
their  occnrrenoe  is  roughly  as  follows  :  In  the  country  lying  between 
Korth  fork  and  July  creek  the  rock  is  mainly  greenstone,  but  with 
several  important  and  many  minor  inclusions  of  sedimentai^  rocks. 
Of  the  latter,  limestone,  which  is  usnally  crystalline,  is  the  most  import- 
ant. Near  Bodina  Hill  at  the  southern  end  of  the  ridge,  is  a  thin 
bedded  quartzite.  Here  also  the  limestone  is  replaced  by  silica  forming 
a  oherty  quartzite-like  rock.  Dr.  Dawson  mentions  a  similar  rock  as 
characteristic  of  the  Cache  creek  (Carbooiferous)  formation. 

A  belt  of  crystalline  limestone  ie  fairly  persistent  on  the  range  near 
July  creek,  passing  west  of  Eagle  mountain.  Hardy  mountain  and 
the  head  of  Deer  creek.  Limestone  is  also  exposed  in  Summit  camp 
almost  to  Mineral  Monument  XVIII.  The  band  is  not  wide,  and 
owing  to  coverings  of  drift  it  is  impossible  to  prove  that  it  forms  one 
bontinuous  band.  Smaller  bands  are  found  at  various  other  points 
along  the  railway  line  on  the  North  fork  of  the  Kettle  river,  at  the 
head  of  Lime  creek,  on  the  ridge  between  the  B.C.  mine  and  Rathmullen 
creek  ahd  other  points.  Argillites,  more  or  less  altered,  occur  in  the 
greenstone  on  Hardy  mountain,  near  the  Majuba  claim,  and  near  them 
is  a  large  mass  of  apparently  very  pure  serpentine.  To  the  north  of 
these  rooks  is  a  '  stock '  of  the  gray  granite,  very  basic,  holding  incln- 
sions  of  the  greenstone  and  impregnating  it. 

Argillites  occur  near  the  mouth  of  Fisherman  creek.  They  are 
block  and  in  some  parts  appear  to  be  highly  carbonaceous.     On  the 
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lADiier  cltum,  for  example,  is  a  prospect  tunnel  in  a  block  co»l-like 
nek,  having  the  appearanoe  in  places  of  anthracite,  hut  it  is  probable 
that  it  is  highly  silicions.  On  Hofiinann  mountain,  near  the  head  of 
the  East  fork  of  Jnly  creek  purplbh  argillites  are  caught  op  in  the 
gnenstone. 

The  rammit  of  the  range  between  Deer  creek  emd  Fisherman  creek  Volcanic 
conidstB  ol  the  Tertiary  volcanic  series.  Overlying  the  greenstone  and 
auociated  rocks,  are  coarse  and  fine-graioed  tuffs,  and  above  these  aro 
andesites  and  other  volcanic  rocks.  The  eastern  portion  of  the  range 
bemeen  Fisberman  creek  and  Lime  creek  U  also  capped  by  this 
Tolcwiio  Eeriea.  It  eitenda  southward  almost  to  Fisherman  creek.  At 
Uieir  northern  end,  near  Lime  creek,  these  rocka  are  cut  by  a  reddish 
porphyry,  vhich  becomes  somewhat  granitic  in  the  centre  of  the  mass. 
On  tlie  railroad,  about  a  mile  east  of  Eholt,  is  another  exposure  (^  the 
Tolcinio  rocks.  They  extend  north  to  Loon  lake,  westward  to  the  hill 
ur«s  the  B.C.  wagon  road,  and  east  to  about  Rathmnllen  creek.  On 
the  r&iiroad  about  a  mile  east  from  the  edge  of  the  volcanics  are  several 
large  dykes  of  monzonite  or  essexite-like  rock. 


ing  north  from  the  latter,  is  a  small  boaa  of  gray  granite.     The  hill  to 

the  north-eaat,  on  which  is  Mineral  Monument  XVIII.,  consists  of  • 

luge  buic  dyke  between  limestone  on  the  east  and  the  greenstone  ou 

the  vest.    It  looks  as  if  it  might  be  a  larger,  coarser,  more  highly 

crjetallized  form  of  the  dark  basaltic  dykes.    The  reddish  and  yellowish 

porphyry  dykes  are  common  about  Summit  camp,  B.C.  mine,  Bath- 

mnllen,  and  other  points  where  important  mineralization  has  taken 

place.    The   basaltic   dykes  are  frequently   met  with    about    Eagle 

ntoontiin.     Other  dykes  are  found,  but  apace  can  not  be  given  for 

puticnlan  regarding  these  in  the  present  preliminary  report.     In  the  Rocks 

diatrict  between  July  and  Boundary  creeks  the  greenstone  is  still,  „,j  Boundary 

pMh»pi,the  dominant  rock,  but  the  areas  of  sedimentary  rocks  become  cf«t"- 

'DOR  fraqnent  and  important,  particularly  on  the  Boundary  creek 

'lope,  dtbongh  they  are  still  out  by  and  included  in  the  eruptive 

">^    Argillitee,  often  highly  altered,  and  the  cherty  altered  lime 

■lone  tie  common,  but  so  mixed  are  the  rocks  in  this  area  that  it  is 

'^ponihle  to  give  the  occurrf^nces  of  the  rooks  without  going  into  a 

"^'•iled  description  of  the  whole  district 

in  Phcenix  camp,  north  of  the  town,  occur  greenatonee  filled  with  Greetutones. 
melntioDg,  (or  the  greenstone  tuff,)  bands  of  Umestoae  with   some 
■rgillites,  dykes  of  gray  granite  and  porphyry.     To  the  south  of  the 
^*n  the  greenstone  and  greenstone  tuff  is  more  massive,  having  fewer 
"'clinona  of  the  sedimentary  rooks.     Near  the  station  and  on  the  hill 
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to  the  Dorth-east,  and  on  the  ridge  above  the  Gold  Drift,  the  tertiary 
volcanic  rocks  overlie  the  older  formation.  In  Wellington  camp,  on 
the  WinnipeK  claim  and  on  the  hill  north-east,  a  mass  of  the  gray 
granitic  rock  cuts  up  through  the  greonstone.  A  large  inclnsion  of 
serpentine  is  also  found  here.  On  the  wagon  road  toward  the 
Athelatan  claim  a  band  of  yellowieh  or  brown  weathering  rock,  locally 
known  as  dolomite  is  encountered,  which  extends  throngb  claimB  north- 
east and  south-west.  This  rock,  while  made  up  of  a  certain  amount  of 
calcium  and  magnesium  carbonates  with  some  iron,  is  somewhat  silicious 
and  has  probably  been  formed  from  serpentine.  May  creek  and  the 
bead  of  McCarren  creek  are  in  massive  greenstone. 

In  Central  camp  and  on  the  ridge  where  No.  7  mine  is  situated,  are 
considerable  areas  of  more  or  less  altered  argillttes.  In  Central  camp 
serpentine  is  also  largely  represented.  In  places  the  latter  is  altered 
to  a  yellowish  rock  resembling  that  found  near  the  Attbelstan  claim. 
Squeezed  and  altered  dykes  of  granite  porphyry  are  also  oommon, 
together  with  masses  of  the  monzonite-Iike  rock.  Similar  mixtures  of 
greenstone,  argillites,  limestone,  serpentine,  together  with  the  nume- 
rous dykes  are  found  ou  the  slopes  near  Boundary  creek.  Around 
Midway,  extending;  around  the  boundary  line  for  a  couple  of  miles,  and 
northward  across  Norwegian  creek  to  McOarreo  creek  and  west  of 
Boundary  creek  to  about  Boundary  falls  is  an  important  development 
of  the  Tertiary  volcanic  aeries. 

On  Boundary  creek,  beginning  at  Anaconda  and  extending  to  the 
railway  bridge  above  Greenwood  is  a  mass  of  the  gray  granite.  From 
Anaconda,  the  eastern  boundary  of  the  granite  runs  north-easterly  to 
the  Last  Chance  and  Lake  claims  and  then  north-west  to  the  mouth  of 
Providence  creek.  The  hills  to  the  west  of  Boundary  creek  between 
these  points  are  gray  granite.  This  granite  is  found  along  the  north 
aide  of  Eholt  creek  to  about  Mile  Poet  84  on  the  railroad,  and  here 
greenstone  reappears. 

West  of  the  North  Pork  between  Brown's  and  Pass  creeks  the 
rock  is  essentially  greenstone,  but  much  cut  up  by  porphyry 
and  other  dykes.  Prom  Pass  creek  north  to  a  point  opposite  Rock 
Slide  creek,  the  red  granite  obtains.  Between  this  point  and  the  forks 
of  the  river  at  Bunch  Grass  mountain,  the  west  side  of  the  river  has 
not  yet  been  examined.  On  the  main  North  fork,  above  the  forks 
of  the  East  branch,  gray  granite  predominates  for  the  first  six  miles 
though  extensively  cut  by  pink  acid  granite  and  porphyry  dykes  from 
the  red  granite.  Some  red  granite  comes  in  above  this  point,  but  the 
main  rock  from  here  to  ttie  Coat  Fields  camp  (about  twenty-four  miles 
by  trail  from  Bunch  Grass  hill)  is  the  pink  acid  granite.     At  the  creek 
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from  the  west,  half  a  mile  below  Coal  Fields  camp,  the  Tertiary  volca- 
nic  Nriea  comes  in  and  extends  to  the  camp.  The  rock  exposed  by 
the  river  catting  east  of  and  opposite  to  the  camp  and  for  about  one  mile 
north  is  the  acid  micoceoas  granite.  Here  the  volcanics  are  again 
exposed  near  the  river  for  at  least  one  mile.  On  the  west  bank  of  the 
riTer,  tiie  volcanic  aeries,  inclading  the  taffa  and  shales,  seems  continu- 
ous. The  main  portion  of  the  divide  between  the  East  Branch  and 
the  main  North  Fork  is  granite,  and  it  is  not  probable  that  the  area  of 
Tertiuy  rocks  will  be  found  to  have  a  strong  development  east  of  the 
main  river  nor  for  any  great  distance  up  the  stream, 

None  of  the  mountains  in  the  area  examined,  are  of  sufficient  alti-  GUdatioD. 
tnde  to  support  glaciers  or  snow-fields.  Bat  here,  as  elsewhere  in 
Sonlbem  Britbh  Columbia,  glacial  phenomeoa  due  to  the  former  Cor- 
dillersn  glacier  are  everywhere  strikingly  evident.  The  rocks  when 
protected  from  weathering  are  polished,  striated  and  fluted.  The  aver- 
^  direoUon  of  striation,  where  uninfiueooed  by  local  causes  is  about  S. 
30'  K  Transported  boulders,  often  of  large  dimensions,  occur  scattered 
■U  over  CD  the  summits  and  ridges,  as  well  as  on  the  lower  levels. 
Soolder  clays  are  not  common  but  re-sorted  glacial  material,  such  as 
Bills  and  clays,  is  abundant  This  drift  material,  when  it  occurs  in  a 
protected  position,  shows  marked  and  persistent  terracing.  The  ter- 
races are  very  numeroas,  rising  in  tiers  at  intervals  of  from  ten  to 
ooe  hundred  feet  to  a  height  of  about  two  thousand  feet  above  the 
'alleys.  In  the  larger  valleys,  each  as  that  of  Boundary  creek,  the 
nnmeroDs  terraces  are  a  marked  feature  in  the  landscape.  A  detailed 
atodj  of  these  tensces,  with  those  already  observed  in  West  Kootenay 
aod  tbe  Eamloops  and  Shuswap  districts,  would  yield  very  interesting 
''^ralte.  The  glacial  phenomena  in  this  district  are  in  accord  with 
those  «)hgerved  in  other  portions  of  the  west,  once  covered  by  the  great 
(Willeran  ioe^beet 

The  ore-bodies  of  the  Boundary  district  are,  for  the  most  part,  large  Ot«-bodic«  of 
is  me  and  low  in  grade.  This  is  their  striking  eharacteristio.  ^tj^i^rict 
DoTslopment  work  has  proved  them  to  be  mnoh  larger  than  at 
fint  sapposed,  and  they  have  proved  to  be  surprisingly  well  adapted 
for  Nulting,  no  fluxing  or  roasting  being  necessary,  but  on  the  other 
uod  the  values  have  proved  lower  than  the  assays  from  early  samples 
^  indicated.  In  many  respects  these  ore-bodies  lesemble  the  ore- 
wdies  ot  West  Kootenay.  They  are  in  what  are  sometimes  known  as 
'('oiposite  or  shear  zone  veins,  formed  by  minerahzing  solutions  tra- 
^^cnng  the  country  rock,  principally  along  fissures  or  zones  of  fiasures, 
u  vhich  they  deposit  the  economic  minerals,  and  from  which  tbey 
'^lue  Tith  their  mineral  contents,  particle  by  particle,  sometimes  only 
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p&rtdally,  eometimea  completely,  the  origmkl  tn&terUl  of  the  country 
rock. 

Their  form.  Aa  might  be  inferred  from  their  mode  of  formation,  they  reaemble 

the  West  Eootenay  bodies  in  being  of  irreguUr  form,  often  with  do 
weU-defined  walla.  The  country  rock  in  the  neighbourhood  being 
mineralized  to  a  greater  or  less  distance  from  the  ore  body,  the  line 
between  the  two  is  often  merely  a  commercial  wall.  Ab  in  the  Koot«- 
nay  the  ore  occurs  in  the  veins  in  shoots  of  various  forms.  Sometimes 
several  of  these  occur,  often  roughly  par&lkL  Sometimes  veins  with 
*  similar  61liQg  cross  one  another  at  various  angles,  aud  small  stringers 
leading  from  the  main  vein  are  of  common  occurrence.  The  inter- 
eection  of  veins,  so  far  as  observed,  while  sometimes  increasing  the  size, 
has  produced  no  marked  enrichment  in  the  ore  body.  The  ore  occurs 
in  all  rocks  except  the  newest,  the  latter  being  the  porphyry  and  basic 
dykee,  the  acidigranite,  the  red  granite  and  the  Tertiary  volcanic  rocks. 

GouDtry-rock.  So  far  as  yet  found  mineraliz&tion  is  confined  to  districts  which  show 
evidences  of  recent  disturbance,  especially  where  the  older  rocks  are 
cut  by  the  newer  dykea.  Limestone,  in  such  a  district,  aeems  favour- 
able for  the  deposition  of  ores.  In  some  coses  the  ore  occurs  in  the 
limestone  itself,  but  more  frequently  it  is  found  in  a  rock  along  its 
contact  with  limestone,  which  forms  a  clean-cut  wall  to  the  deposit. 
Thus  in  the  greenstone,  where  the  latter  holds  large  inolaaiooa  of 
limestone,  the  ore  occurs  in  the  greenstone  along  its  contact  wich 
the  limestone^  while  the  latter  may  show  little  or  no  mineralization. 

The  lack  of  mineralization  of  the  limestone  itself  in  such  cases  is  due 
to  the  fact  that  under  pressure  the  limestone,  instead  of  fracturing, 
flows  and  forms  lenticular  masses,  which  furaisfa  no  channels  for  the 
mineralizing  solutions.     If  attacked  and  replaced  by  them  it  must  be 
Omum  of  tni-  along  the  contaote,  and  from  the  pnreness  of  the  limestone  this  will 
"  take  ptaoe  easily,  leaving  a  clean-^ut  unmineralized  walL     That  the  con- 

tacts between  the  limestone  and  other  rocks  should  be  favourable,  may 
in  part  be  due  to  the  chemical  influence  of  the  limestone  in  precipitating 
the  mineral  oontenta  of  the  mineralizing  solutions,  but  it  is  also  due  to 
lack  of  firm  cementing  between  the  limestone  and  contact  rock,  thus 
leaving  »  free  channel,  which  the  solutions  have  used  as  a  highway  and 
basis  for  their  operations.  But  while  such  contacts  are  favourable, 
mineralization  is  by  no  means  confined  to  them,  in  fact  in  the  largest 
deposit  yet  found  in  the  district  (Knob  Hill,  Ironsides),  wiih  the  excep- 
tion of  an  insignificant  island  of  it  in  the  intermediate  level,  lime- 
stone is  GonspionoQsly  absent,  although  it  occurs  at  numerous  unminer- 
alized  points  in  this  vicinity.  While  meet  of  the  deposits  of  ore  are 
in  greenstone,  limestone,  or  in  contacts  between  them,  they  also  oooar 
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in  the  other  older  rocka,  notably  in  the  serpentine,  argillites  and  gray 

The  porphyry  dykes  which  are  associated  with  the  ore-bodies,  are  Etelktionihip 
Dsullj  to  be  found  in  close  proximity  to  the  ores,  sometinjes,  as  at  the  ^yka  uid 
No.  7  mine,  the  ore  occurs  parallel  to  the  dyke  along  the  contact,  or  in  ore-bodies, 
tbs  immediate  nei^hbonrhood.     At  the  B.  C.  mine,  Mother  Lode  mine 
snd  others,  the  dykes  lie  almost  horizontal,  ranning  throngh  the  ore- 
body  and  intersecting  it  at  right  angles.    The  ore  b  found  on  both 
sides  of  the  dykes,  bnt,  as  far  aa  known,  it  is  not  faulted  by  them,  nor 
ii  the  ore  in  any  way  altered  by  them,  as  might  be  expected  if  the 
dykes  vere  newer  and  had  been  erupted  through  the  ore,  but  in  some 
Mses'the  ore  seems  richer  in  the  neighbourhood  of  the  dykes. 

Tbst  the  dykes  themselves  show  so  little  signs  of  mineraliiation  and 
thst  the  salband  extends  unbroken  across  the  contact  with  the  ore  can- 
not  be  token  as  proving  that  the  dykes  are  subeeqaent  to  the  ore 
fonnatioD,  for  the  same  phenomena  are  observable  in  West  Kootenay 
where  such  dykes  are  known  to  be  prior,  If  ihia  is  also  the  case  in 
the  Boundary  district,  the  mineralization  in  suoh  cases  has  taken  place 
BloDg|[raclQred  zones  or  fissures  or  contacts  joining  parallel  dykes  of 
pwpbyry.  If  mineralization  has  taken  place  in  this  way  and  a  genetic 
reUtiooship  exists  between  the  porphyry  and  ore  (which  in  the  Boun- 
dar;  district  cannot  be  taken  as  yet  proved)  it  wonid  account  for  the 
enormong  dimensions  of  the  ore  bodies.  In  the  Mother  I^ode  mine, 
vhere  bliese  conditions  are  found,  development  woi^,  so  far,  has  exposed 
an  ore-body  1,180  feet  long,  160  feet  wide  and  500  feet  in  depth. 

The  Knob  Hill-Ironsides  lead,  is  of  as  yet  unknown  dimensions.  Sice  of  em- 
it extends  through  tbe  greater  part  of  the  length  of  both  claims  and 
probably  into  the  Gray  Eagles,  the  lowest  slopes  being  700  feet  below 
tbe  highest  point  of  tbe  vein,  and  diamond  drilling  has  proved  the  vein 
to  a  depth  of  800  feet.  Its  known  width  is  said  te  be  400  feet.  On 
the  second  level,  three  ore  shoots  are  said  to  occur,  one  of  150  feet,  one 
oflOOfeetanda  third  of  200  feet  in  width.  These  with  the  mineralized 
rock  between  the  shoots  would  make  a  total  width  of  800  feet.  One 
atope,  eaid  to  be  100  feet  by  200  feet,  is  all  in  ore.  While  the  above 
Ggnrea  may  be  only  approximately  correct,  they  are  sufficient  to  show 
the  extent  of  mineralization.  Some  of  the  less  developed  properties 
also  have  very  large  ore-bodies.  There  has  been  considerable  move. 
nwDb  since  the  ore  was  deposited,  numerr>us  slips  often  with  gangne  or 
with  secondary  filling  traverse  tbe  ore-bodies.  This  broken  nature  (rf 
tbe  ground,  coupled  with  the  original  irregularity  in  the  form  of  the 
ore-body  makes  the  exploitation  of  the  smaller  masses  difficult  and 
precoriona     The  s'ips  so  far  encountered   have  not  been  sufficiently 
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large  to  Iwve  serionsly  aEhoted  the  greater  ore  bodies.  Tbe  serpentine 
is  particularly  full  of  alipa,  some  prior  bnt  many  subaeqaent  to  the 
formation  of  the  ore  bodies,  which  make  it  probably  the  moat  unaatifi- 
factory  country  rock  in  tbe  district. 

The  mineral  contents  of  the  veins,  arranged  according  to  their  prom- 
inence, are  magnetite,  pyrrhotite^  chaloopyrite  or  maroasite,  arsenopyrite, 
specularite  {micaceous  hematite) ;  galena,  zinoblende  and  molybdenite 
occanonally  occur,  especially  in  the  smaller  veins.  Tetrahedrite,  ruby 
silver,  argentite,  native  silver,  native  copper  and  the  various  oxydized 
copper  minerals  are  reported  from  a  few  localities,  for  the  most  part  in 
tbe  smaller  veins.  When  the  ore^i  consist  largely  of  pyrrhotite  and  chal- 
copyrite  they  resemble  some  of  the  west  Kootenay  ores.  The  occurrence 
of  large  masses  of  magnetite  in  the  ores  is  peculiar.  It  seems  to  take 
tbe  place  of  tbe  pyrriiotite,  for  so  far  as  I  could  observe,  where  magne- 
tite is  prominent,  pyrrhotite  is  abaent,  though  in  one  or  two  cases  it 
was  present  but  only  very  sparingly.  The  pyrrhotite  and  magnetite 
appear  to  have  been  the  &rat  minerals  of  the  ores  to  be  deposited,  though 
their  period  of  formation  extended  into  the  period  at  which  chaloopy- 
rite and  pyrite  were  formed.  This  is  shown  by  the  fact  that  while  the 
latter  are  usually  found  as  veinlets  or  small  points  or  irregular  masses 
scattered  through  this  pyrrohotite  and  magnetite,  they  also  occur  in 
placee  interbanded  with  them. 

The  reason  for  the  formation  of  magnetite  in  this  manner  would 
seem  to  be  a  deiiciency  in  sulphur  in  the  mineralizing  solutions. 
That  they  were  poor  in  sulphur  is  shown  by  the  formation  of  pyrrhotite 
rather  than  a  higher  sulphide  of  iron.  Where  magnetite  occurs  they 
would  appear  to  have  been  still  poorer  ;  the  greater  part  of  the  iron 
could  not  obtain  sulphur,  all  available  sulphur  being  first  seized  upon 
by  the  copper,  the  remaining  sulphur  which  the  iron  obtained  being 
only  sufficient  to  furnish  the  chalcopyrite.  Oxygen  would  aUo 
be  scarce,  so  hematite  could  not  be  formed  and  the  iron  appeared  as 
magnetite.  Later  when  the  copper  had  been  supplied  the  little  iron 
remaining  received  enough  sulphur  to  form  pyrite.  In  some  places 
the  double  sulphide  of  iron  appears  to  be  marcaaite,  being  lighter  in 
colour  and  more  easily  decomposed,  leaving  a  cellular  structure,  bnt 
no  crystals  of  marcasite  have  been  seen.  Arsenopyrite  occurs  only 
at  one  or  two  points,  as  in  tbe  Winnipeg  and  Morrison  mines,  and  not 
in  any  great  quantity.  The  specular  iron  which  occurs  in  scales,  often 
roeette  in  form,  appears  to  be  an  oxydation  product  from  the  magnetite. 
It  does  not  occur  in  very  great  quantity. 

Quar!z  and  calcite  are  the  common  gangue  minerals.  Magnetite 
may  often  be  considered  to  also  play  this  role.     Oamet,  green  and  red 
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(prolwblj  hesBoaite  and  almandine)  and  epidote,  both  well  crystallized 
laA  iDMsive,  are  very  abondant  in  tha  veins  often  interbanded  with 
the  ores.  The;  are  probably  largely  alteration  products  of  tlie  ooantry 
rock.  This  prooeM  can  be  observed  at  many  points  in  all  stages  of 
dorelopment.  The  garnet  and  epidote  are  not  confiaed  to  limestone, 
bat  an  also  abundant  when  greenstone  and  gray  granite  are  the 
coQDtry  rock.  In  the  Mother  Lode  mine,  where  limestone  seems  to 
be  the  country  rocli,  while  these  minerals  are  developed,  the  chief 
man  of  the  altered  rock  is  made  up  of  felt-like  aggregates  of  short 
fibres,  ^pareatly  actinolite.  SUicification  of  the  country  rock  to  a 
lAKttff  or  qnartzite-like  material  is  a  common  phenomenon  in  the 
neigfabourbood  of  a  vein. 

In  the  large  deposits  the  valuee  are  principally  in  copper  and  gold 
with  mibordinate  silver.  In  some  of  the  small  quartz  veins  carrying 
galena,  zincblende,  with  tetrahedrite  and  silver  minerals,  silver  is  the 
principal  value ;  in  others,  as  So.  7,  when  pyrit«  likewise  occurs,  gold  is 
aim  of  economic  importance,  the  galena  and  blende  carrying  silver  and 
tha  pyrite  gold.  In  the  large  deposits,  further  study  is  required  in  order  to  Values. 
formulate  thelawsgoverning  the  distribution  of  the  gold  valuee.  Qene- 
nlly  the  magnetite  and  pyrrbotite,  when  occurring  alone,  are  almost 
barren  of  gold,  but  this  ia  not  always  the  caae.  On  the  Seattle  claim 
the  pure  magnetite  is  said  to  carry  gocxl  gold  values.  Specimens  for 
assay  have  been  taken  to  test  this.  What  appears  to  be  pure  pyrrbo- 
tite in  the  Winnipeg  carries  ae  high  gold  values  as  have  been  obtained 
in  the  mine,  but  atother  points  in  the  same  mine  the  pyrrhotite  appears 
barren.  As  a  general  rule  throughout  the  dbtrict  the  best  values  occur 
when  the  pyrrhotite  or  magnetite  are  mixed  with  chalcopyrite.  An 
increase  in  the  amount  of  copper  seems  occasionally  to  lessen  the  value 
of  gold.  This  obtains  in  the  Mother  Lode,  where  about  two  per  cent 
copper  carries  the  highest  gold  values,  but  in  the  British  Columbia  mine 
on  the  other  hand  the  values  seem  to  be  confined  to  the  ch&lcopyrite ; 
pyrrbotite  and  pyrite  appearing  to  be  almost  barren.  The  chalco- 
pyrite although  segregated  in  places,  is,  on  the  whole,  remarkably 
evenly  distributed  through  the  large  ore  bodies.  Away  from  the  chief 
centres  of  mineralization,  although  pyrrhotite  or  m^netite  are  some. 
times  found  in  considerable  masses,  gold  and  copper  appear  to  be  only 
sparingly  present. 

The  actual  value  per  ton  and  the  cost  of  mining  and  smelting  have 
not  been  made  public*  The  values  are  low,  but  the  cost  of  smelting 
is  also  low    and  the    management   state    that   the    mines  are  at 

*  TIn  DDmiiiioii  Capper  Gompuij's  ore*  yield  a  gross  value  o[  copper  1'95  % 
lu.  119  oi.,  ag.  -44,  or  a  net  value  (with  ooppar  at  10  oU  per  lb.)  of  t&.TS. 
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present  working  on  ft  pftjiog  buiB.  It  is  generally  admitted,  that 
nifinj  of  the  properties  can  only  be  worked  profitably  by  miaing  compa- 
oies  owning  Bmelters.  For  this  reason  &  union  of  the  smaller 
properties,  or  at  ieaat  the  building  of  a  union  smelter,  is  being  agitate  J- 
The  larger  properties,  suoh  as  Knob  Hill,  Ironsides  and  Mother  Lode, 
are  now  mining  by  large  quarries  or  *  Olory  boles,'  from  which  the 
material  wilt  be  loaded  directly  into  ore  cars.  On  the  Knob  Hill, 
this  will  be  done  by  a  stoam  shovel.  On  the  Mother  Lode,  the  large 
blocks  will  be  first  put  throngb  a  gigantic  crusher  capable  of  monipn- 
lating  blocks  a  yard  square  and  with  a  daily  capacity  of  600  tons. 
With  this  cheapening  of  the  coats  of  mining  and  with  doable  smelting 
capacity,  which  will  be  ready  shortly,  in  both  the  Oreenwood  and 
tiranby  smelters,  there  should  be  an  appreciable  increase  in  the  profits. 
The  email  quartz  veins  are  said  to  yield  high  oksays  in  places,  but  of 
these,  the  No.  7  vein  was  the  only  one  being  mined  at  the  time  of 
my  visit     This  ore  probably  runs  from  $  1 2  to  $15  per  ton  in  gold  and 

Idck  of  A  striking  feature  of  these  deposits  is  the  lack  of  surface  oxidation. 

oiydMion.  ^  ^^''  *^'  below  the  surface,  the  ore  has  the  same  character  as 
exhibited  in  depth.  The  soil  overlying  the  deposit  is  often  quit«  un- 
stained, affording  no  indication  of  the  underlying  deposit,  and  conse- 
quently adding  to  the  difficulties  of  prospecting.  Often  the  surface  of 
ore  even  retail  the  glacial  polishing.  The  explanation  of  this  feature 
is  probably  to  be  found  in  the  glociation  to  which  this  region  has 
been  subjected.  The  old  oxidized  and  probably  enriched  surface  has 
been  cut  off  by  the  Cord illeran  glacier,  and  since  glaciation,  the  surface 
has  in  great  measure  been  protected. 

^T^  ^  An  apparently  and  at  first  sight  different  type  of  deposit  occurs  in 

Copper  camp,  of  which  the  King  Solomon  affords  the  bsst  example. 
This  deposit  is  found  at  a  contact  between  porphyry  and  crystalline 
limestone.  Wedge-shape  little  tongues  of  the  porphyry  extend  from  the 
main  dyke  into  the  liramtone.  Both  the  limestone  and  the  porphyry 
are  much  broken  up  and  traversed  by  little  slips.  The  froctares  cat 
the  limestone  into  little  blocks.  In  the  fractures  in  the  limestone,  and 
to  a  less  extent  in  the  fractures  in  the  porphyry  near  the  contact,  are 
deposited  various  oxidition  products  of  iron  and  copper  and  also  native 
copper.  These  little  blocks  of  limestone  include!  red  earthy  hematite 
and  yellow  limonite,  crystallized  and  massive  malachite  and  azurite,  a 
black  amorphous  substance  probably  a  mixture  of  copper  oxide  and 
perhaps  amorphous  chalcoaite,  cuprite,  often  well  crystallized  in  trans- 
parent crystals,  native  copper,  ohrysocolla,  and  the  impure  cbrysooolla 
known  as  copper  pitchblende.     The  edges  of  the  little  limestone  blocks 
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hftTe  often  benn  dissolved  and  the  copper  ores  then  occar  as  eDonuta- 
ti<«s  surronnding  a  oore  of  limeatone.  The  main  fisanivs  are 
filled  vith  the  hematite  and  all  the  copper  minerals;  the  smaller 
fnctares  principal!;  with  the  oopper.  In  the  porphyry  it  is  only  the 
frMtnrea  which  contain  a  thin  film  of  the  copper  ores,  the  rock  itself 
ranaining  fresh  and  unaltered. 

AboDt  650  feet  north  of  the  main  working  on  the  King  dolomon  is  a 
nnall  von.  The  rock  here  b  not  bo  badly  shattered.  A  few  feet 
below  the  sarface  pyrite  and  cbaloopyrite  occur,  although  on  the  snr- 
face  they  have  oxydized  to  sulphates  and  from  the  sulphates  the  green  Ghemioal 
Mid  bine  carbonates  of  copper  have  been  formed.  Wltat  can  be  seen  """'B^'- 
taking  place  on  a  small  scale  on  this  little  vein  is  probably  what 
oecnrred  on  the  King  Solomon  ledge  proper,  on  a  much  larger  scale,  so 
that  the  King  Solomon  is  probably  an  oxydized  and  secondarily 
eocicbed  form  of  a  sulphide  deposit  similar  to  the  other  sulphide 
depodts  of  the  Boundary  district  and  due  to  oxydation  and  ooncentratioa 
by  lorface  waters.  The  iron  of  the  iron  sulphides  has  been  removed 
or  left  BB  red  hematite  or  yellow  limonite,  the  oopper  has  been  more  or 
Iw  concentrated  as  carbonates,  oxides  and  native  copper,  probably 
black  snlpfaide  and  other  copper  minerals.  At  a  greater  depth,  the 
niMltered  iron  and  copper  salphidee  will  presumably  be  found, 
slthongh  between  the  oxydized  minerals  and  unaltered  sulphides  it  is 
quite  probable  that  a  zone  of  enriched  sulphides  will  be  met  with.  That 
Uiii  lOEw  of  oxydatioii  and  enrichment  should  be  found  in  Copper 
camp  and  not  in  other  parte  c£  the  district,  is  in  part  explained  by 
the  loctl  topography  and  the  broken  nature  of  the  country  rock,  but  a 
cip  of  volcanic  rocks  which  covers  the  hilltops  all  around  and  extends 
almost  to  the  King  Solomon  ledge,  has  been,  in  all  probability,  a  factor. 
This  capping  in  glacial  times  is  likely  to  have  extended  a  little  farther, 
in  vhicb  case  it  would  have  protected  the  deposit  from  t^e  scouring 
effects  of  thd  ice-shset  which  has  been  shown  above  to  have  covered 
this  area.  Again  the  contact  between  these  volcanic  rocks  and  the 
older  rocks  is  likely  to  be  a  natural  water-way. 

Some  of  the  practical  deductions  from  the  study  of  the  ore  deposits 
may  be  summarized  as  follows  r — 

Since,  with  the  exception  of  certun  deposits  in  Copper  camp  there  deduotionB 
it  so  nme  of  oxydation  and  secondary  enrichment  in  these  deposits,  no  gT'tba'  '     ^'* 
km  of  values  is  to  be  expected  in  depth,  while  the  present  general  oondi-  dopoutn. 
ttons  ranain  unchanged.     On  account  of  the  irregular  form  of  the  ore- 
bodiss  and  the  complex  nature  of  the  rock-formation,  a  careful  and  de- 
tailed geological  study  of  the  ground  in  the  neighbourhood  of  the  mine 
would  be  of  great  practical  value  in  the  exploitation  of  the  ore  bodies. 
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For  the  same  reason  developnieat  work  most  ftlwaya  be  kept  well 
ahead  of  the  actual  mining;.  Croascutting  mast  frequently  be  done  to 
determine  the  limits  of  the  ore-body  and  to  prove  the  existeaoe  or  non- 
existence of  parallel  ore  shoots.  What  appears  a  barren  wall  may 
often  prove  a  barren  zone  between  two  ore  Bhoota.  The  limits  of  the 
mineralization  must  be  actually  proved  ;  and  similarly  only  that  ore  can 
be  reckoned  on  which  has  been  actually  blocked  out. 

Diamond  drilling  can  with  advantage  be  used  for  prospecting  and 
exploiting  the  ore-bodies.  Magnetic  surveys  would  also  be  of  great 
value  in  locating  them  under  the  covering  of  drift,  and  also  in 
testing  for  masses  of  ore  in  the  mine  workings  themselves.  Especially 
would  this  be  the  case  in  the  magnetite  deposits.  In  pyrrhotite 
deposits  also,  in  other  parts  of  the  world,  magnetic  methods  have  proved 
successful.  The  pyrrhotite  and  magnetite  should  always  be  assayed, 
OS  barren  looking  material  sometimes  carries  good  pay  values.  The 
conditions  where  pay  ore  occurs,  and  the  minerals  in  the  ore  should  be 
carefully  studied  with  the  view  of  ascertaining  which  carry  the  values 
and  what  are  the  causes  which  produce  the  enrichment.  The  lime- 
stoae  contacts  in  mineralized  districts  should  be  carefully  prospected. 
The  limestone  wall  can  often  be  used  for  following  the  ore,  it  being 
kept  in  mind  that  the  ore  does  not  always  strictly  follow  the  limestone 
contact,  and  that  this  rock  may  pinch  out  without  causing  the  ore 
to  likewise  give  out 

Districts  which  show  evidences  of  disturbance  through  vnlcanism 
manifested  by  heavy  dyking  are  promising  Eelds  for  prospecting. 
The  porphyry  dykes  themselves  may  in  places  prove  auriferous,  as  in 
twelve  ahsays  of  porphyry  dykes  from  Weet  Eootenay,  one-half  yielded 
colours  of  gold.  In  a  specimen  of  »  dyke  from  Valkyr  mountains 
examined  last  winter,  free  gold  was  visible  even  with  the  naked  eye. 

Besides  ordinary  prospecting,  fourteen  properties  were  being  worked 
in  the  Boundary  district  at  the  end  of  the  season,  and  of  these  ten 
were  shipping  ore.  In  Deodwood  camp,  the  Mother  Lode,  Sunset 
and  Morrison  were  working,  the  two  former  shipping  ore.  Some  ore 
was  also  being  shipped  from  the  King  Solomon  in  Copper  camp,  bat 
work  on  the  claim  was  at  a  standstill.  In  Greenwood  camp,  the  Knob 
HiU  Ironsides  group  was  shipping  heavily,  and  some  work  was  being 
done  on  the  Lake  mine.  The  Brooklyn  has  just  been  closed  down,  in 
response  to  an  otder  from  head-quarters  in  Toronto,  althongh  the 
mine  wm  reported  to  be  looking  promising.  In  Wellington  camp, 
the  Snowshoe  was  being  developed  and  sending  out  small  shipments. 
This  was  also  the  case  with  the  Winnipeg.  Work  was  also  being 
resumed  in  the  Golden  Crown.     The  Athleston  was  closed  down.     In 
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Soiomit  camp  th«  B.  C.  was  marking  And  shipping,  but  the  K.  Bell, 
Radimullen,  Oro  Denoro  and  other  properties  were  closed  down, 
Ob  tJie  North  Fork  of  the  Kettle  river  the  Humming  Bird  wm 
being  worked  on  a  lease  and  waa  making  ocoasional  shipments.  The 
Jewel  in  Long  Lake  camp  (which  was  not  visited)  was  shipping.  No.  7 
mioe  in  Attwood's  camp  was  working  and  shipping.  In  Central 
amp  the  City  of  Paris,  which  shipped  during  the  winter,  was  closed 
down,  bub  it  is  expected  that  work  will  be  resumed  in  the  spring. 
Some  development  work  was  in  pn^ress  at  the  Rnbj  in  Smith's  camp. 
Id  other  parts  of  the  district  proepecting  was  being  carried  on.  This 
LE  the  case  in  the  district  south  of  Summit  camp  between  July  creek 
ind  the  North  Fork.  In  this  area,  while  mineralization  has  taken 
plue  at  a  number  of  places,  no  large  deposit  of  pay  ore  has  as  yet  been 
encountered,  although  a  fair  showing  of  ore  oconrs  on  the  little  Betta 
and  Seattle  claims. 

As  an  indication  of  the  progre^  of  mining  in  the  Boundary  dis- 
trict the  shipmentfl  of  ore  for  the  month  of  October  might  be 
i]noted: — 

OldlronBide.  «id  Knob  Hill  gTOU|> 20,722 

Mother  Loda  mine 8,730 

R  a  mine. 3,750 

KiogSolmon 490 

Snowahoe 330 

Jewel 290 

Winnipeft... IBO 

No.  7  .  - . . , .   120 

Sunaet 60 

Total 34,782 

The  total  ore  shipments  for  the  year  will  approximate  386,000  tons.  Smeltors. 
The  Oranby  smelter  at  Grand  Forks  has  been  working  steadily 
since  it  vm  blown  in  a  year  ago.  It  hag  at  present  a  daily  capacity 
of  aboQt  670  tooK.  Two  new  furnaces  to  double  its  capacity  are 
being  added  and  are  expected  to  be  ready  to  blow  in  at  the  beginning 
of  the  new  year.  A  converting  plant  to  refine  the  math  to  blister  cop- 
per was  also  being  installed.  With  the  completion  of  the  railroad  from 
Bepnblic  Wash.,  it  is  expected  that  a  large  quantity  of  Kepublio  ore 
Till  be  treated  at  Grand  Forks.  The  mines  of  the  Oranby  Company  at 
Fboenix  con  easily  supply  the  enlarged  ameltor,  as  their  output  is  prac- 
tically limited  only  by  the  smelting  facilities.  The  British  Columbia 
Coj^r  Ca's  smelter  at  Greenwood  has  also  been  running  steadily 
with  a  duly  output  of  about  four  hundred  tons.  Another  furnace  to 
double  ite  capacity  is  also  being  installed.  The  Fyrite  smelter  at  Bound- 
«y  fsUs  has  remained  idle  since  its  completion. 
61 
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Last  aumiD«r  »  prospector,  acting  on  information  from  the  writer  that 
Tertiac;  rocks  occurring  in  the  neighbourhood  were  tikel;  to  be  co&l- 
beanag,  prospected  new  ground  on  the  main  branch  of  the  North  Fork 

North  Fork  of  the  Kettle  rirer,  which  resulted  in  the  locating  of  a  small  seam  of  oo&l. 
Following  bis  lend  a  large  number  of  olattns  have  been  staked,  buL  of 
these  only  a  limited  number  cover  coal-bearing  rocks,  the  remainder 
being  in  granite.  The  New  Coal  Fields,  as  the;  are  locally  called,  are 
situated  about  twentjr-four  miles  above  the  forks  of  the  East  Branch  on 
the  main  North  Fork  of  the  Kettle  river,  or  about  fifty-two  miles  from 
Grand  Forks.  Here,  as  above  mentioned,  a  Tertiary  outlier  lies  on  the 
granite.  The  Tertiary  rocks  consist  of  tuffs,  oah  rocks,  and  a  little  shale 
overlaid  by  basalts  and  other  volcanic  rocks.  The  first  exposure  of  coal 
on  the  west  bank  of  the  river  occurs  in  a  coarse  tuff  filled  with  frag- 
ments of  volcanic  rocks,  and  crystals  of  minerals  belonging  to  volcanic 
rocks.  Above  this  tuff  is  a  thick  bed  of  another  filled  with  boulders 
from  the  granite  of  the  surrounding  country.  In  the  tuff  are  little  lenses 
of  carbonnceous  material,  the  remains  of  plants  of  which  the  form  is 
sometimee  preserved,  and  a  thin  seam  (about  an  inch)  of  argillaceous 
material  and  coal.  The  tuSa  have  been  somewhat  squeezed.  The 
strike  is  about  N.  20*  £.,  angle  of  dip  46°  W. 

Wisemin'i  About  one  mile  and  a  quarter  up  the  river  on  the  east  bank  is  "Wise- 

'***""'''  man's  discovery.  He-re  a  band  of  shale  twelve  feet  thick  lies  between 
two  big  beds  of  tuff.  Interbanded  with  the  shale  are  one  or  two  thin 
ash  beds.  The  shales  are  exposed  for  about  200  feet  along  the  river 
bank.  Their  strike  is  S.  19°  to  34°  W.,  dip  30°  to  40°  £.  At  the 
upper  end  of  the  exposure  the  shales  are  contorted,  and  at  this  point 
the  coal  is  found.  The  pressure  bas  broken  the  seam  and  probably 
increased  its  width.  At  the  widest  point  it  approximates  one  foot. 
Only  about  twelve  feet  of  the  seam  are  exposed,  but  as  the  upper  end 
disappears  under  drift,  nothing  could  be  ascertained  of  its  extension  in 
that  direction.  The  extent  of  coat-bearing  rocks  is  not  large  as  they 
are  overlaid  by  the  unproductive  volcanic  Qows  and  immediately  under- 
laid by  granite  which  is  exposed  on  the  east  bank  for  the  greater  part 
of  the  distance  between  the  two  exposures  of  coal.  Nor  have  they  a 
wide  areol  extension,  as  the  granite  boulders  in  the  river  and  tributary 
creeks  testify.  All  the  divide  between  the  main  North  Fork  and  the 
East  Branch  is  granite.  No  work  had  been  done  on  any  of  the  claims 
at  the  time  of  visit,  and  the  trail  to  the  fields  was  not  completed. 
This,  coupled  with  bod  weather  and  lack  of  provisions,  prevented  a 
careful  examination  of  the  whole  Tertiary  area. 

Colonel  N.  E.  Linsley,  of  Spokane,  who  examined  the  district  after 
my  visit,  reports  having  discovered  four  seams  of  ooal  on  the  lower 
(Qilpin's)  claim.    Of  these,  the  upper  (seven  inches  wide)  was  the  largest 
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4cd  TBS  separated  from  the  lowest  by  1  ^0  feet  of  tufb.  He  also  f onnd 
the  area  of  coal  bearing  rock  to  be  extremely  circninscribed.  The  ooal 
i)  of  very  fair  quality,  coking  easily  and  well. 

The  recent  iocreue  in  the  nse  of  pl&tinum  has  created  a  strong  Pooaibilitr  of 
demtmd  for  this  metal,  and  it  is  now  as  valnable  as  gold.  Its  principal  of  platiDDm. 
MHirce  is  in  alluvial  sands  where  it  occurs  with  garnet,  magnetite  and 
gold  and  other  heavy  minerals.  As  sand,  it  is  aometimes  very  fine  and  of 
a  brown  or  lead  color.  Treated  with  nitric  acid  it  shows  a  white  oolonr. 
It  hu  been  found  in  the  Similkameen  district  and  is  known  to  oooar 
at  many  points  in  the  Western  States.  When  found  in  place  it  has 
besD  principally  confined  to  serpentine,  and  when  found  in  sands  it  is 
Qsnally  In  the  neighborhood  of  serpentine.  Consequently  streams 
dnuning  masses  of  serpentine,  in  particular  should  be  prospected  for 
plalioDm.  Serpentine,  as  above  noted,  ocean  at  a  number  of  points  in 
the  district  examined  this  summer,  as  on  Jnty  Creek,  Hardy  Monntain 
snd  Central  Camp.     It  also  oconrs  on  the  range  east  of  Cascade.  i 

la  condnsion  I  wish  to  thank  the  mine  managers  one  and  all  for 
their  unfailing  courtesy,  attention  and  assistance. 


Crowb  Nest  Coal  Fields. 
Mr.  W.  W.  Leach. 

Od  June  3,  I  left  Ottawa  with  instructions  to  continue  the  examina-  i^"^*?^!!; 
tioQ  of  the  Crow's  Nest  Pass  Coal-fields,  begun  by  Mr.  McEvoy  last 
year.     Mr.  T.  C.  Denis,  B.A.Sc.,  accompanied  me  during  the  season. 
I  retumed  to  Ottawa  on  October  24. 

On  arriving  at  Fernie,  some  days  were  spent  in  becoming  acquainted  AuUtuioe  br 
vith  the  Cretaceous  coal-bearing  rocks  of  that  neighbourhood.     Mr.     ^'         ^°^' 
McBvoy,  formerly  of  this  department  and  now  with  the  Crows  Neat 
Pass  Coal  Company,  very  kindly  accompanied  us  on  several  expeditions 
into  the  surrounding  hills,  assisting  us  very  materially  with  his  know- 
ledge of  these  rocks,  gained  during  the  previous  season. 

On  June  15,  instructions  were  received  to  examine  immediately  two 
reported  outlying  coal  areas,  separate  from  the  main  or  Crows  Nest 
srta,  or  such  parts  of  them,  that,  being  included  in  the  lands  earned 
b;  the  Canadian  Pacific  Railway  Company,  might  be  taken  into 
account  when  the  selection  of  Qovemment  coal  lands  was  made. 
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Of  theae  two  areas,  the  Northern  or  Oreen  hilla  area  was  mentioned 
by  Dr.  Dawson  in  hia  report  on  '  that  portion  of  tbe  Rocky  Monnt^ns 
between  Utitndee  49*  aiid  51°  30'  (see  Annual  Report,  1885,  vol.  I., 
page  109  B.) ;  while  the  Boutbem  one  was  reported  to  Mr.  McEvoy  last 
year  by  Mr.  Phillips  of  Tobacco  Plains.  It  was  considered  advisable 
to  examine  the  Northern  area  first,  it  being  the  more  easy  of  access  at 
that  early  season.  Considerable  difficulty  was  experienced  in  reaching 
the  field  of  operations  ;  the  trail,  following  the  valley  of  the  Elk  river, 
then  in  flood,  being  nader  water  in  many  places. 

This  area  is  situated  on  the  east  side  of  the  Elk  river,  the  southern 
edge  of  it  being  about  twenty-four  miles  above  tbe  month  of  Michel 
oreek.     It  extends  northwards  an  unknown  distance. 

Generally  speaking  the  attitude  of  the  Cretaceous  rocks  of  this 
locality  is  that  of  a  wide,  flat  syndine,  the  upturned  edges  resting  con- 
formably on  the  fiaoks  of  two  high  limestone  ranges  of  Devono-Car- 
boniferous  age,  one  on  the  west  side  of  the  Mk  river  and  the  other  on 
the  east  side  of  Fording  river. 

In  that  part  of  the  area  examined,  the  upper  beds  of  the  Cretaceous 
rocks,  represented  in  the  Crows  Neat  area  by  coarse  sandstones,  con- 
glomerates and  brownish  and  yellowish  shales,  have  been  entirely 
eroded  away  and  with  tbem  some  of  tbe  coal  measures,  but  further  to 
the  north  it  is  probable  that  these  upper  beds  will  be  represented  at 
least  partially.  The  coal-bearing  lands,  within  the  boundaries  of  lot 
4,588,  group  I.,  (the  property  of  tbe  Canadian  Pacific  Railway  Com- 
pany), are,  roughly  speaking,  of  triangular  shape,  about  4^  miles  in 
length  and  1}  miles  in  average  width,  with  the  apex  of  the  triangle  to 
the  south,  and  occupy  the  summits  of  the  Green  hills,  which  form  the 
watershed  between  the  Elk  river  to  the  west  and  Fording  river  to  the 
east.  Fording  river  being  a  tributary  to  Elk  river,  with  a  coarse 
approximately  parallel  to  it.  The  general  direction  of  tbe  summite  of 
these  hills  belag  about  N.  20  W.,  with  a  maximum  elevation  of  about 
7,200  feet. 

The  coal  seams  noted,  twelve  in  number,  outcrop  along  the  crest  of 
the  ridge.  The  lowest  one  seen  coming  to  the  surface,  just  south  of 
the  most  southerly  point  of  the  ridge,  striking  here  nearly  eaet-and- 
weet  and  dipping  at  about  60*  north.  From  this  point  northwards,  in 
a  distance  <^  about  1}  miles,  the  strike  gradually  swings  round  to  about 
K.  30  W.,  with  a  dip  of  26°  N.K  This  strike  and  dip  remains  fairly 
constant  as  far  northward  as  was  noted. 

An  attempt  was  made  to  measure  a  section  across  tbe  ooal  measures, 
but,  as  the  time  was  limited  and  the  rocks  much  covered,  it  must  be 
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(xmndered  as  open  to  reviBion  on  mora  detailed  work.    The  reeolt 
attuned  ia  as  follows,  given  in  deatending  order  : 


Feet. 

1080 

2.Sh»le 

670 

4-6 

I  3b*!e 

DO 

7.Co»l 

1-76 

S.SWe 

6'0 

460 

360 

15.  Shale 

7-0 

180 

n-CoJ 

0-76 

18.  Shile 

420 

610 

20.  Coal 

7-0 

a.  Sandstone 

1140 

23.  Shale,  sandstone  and  covered 

2610 

7-0 

26.  Shale 

160 

29.  Coal 

80 

SI.  Black  shale. 

400 

27B0 

36.  Co»l 

2-6 

38.  Sbale 

2S0 

37,C«1 

80 

».  Covered 

2100 

«.  Coal 

80 

1L  Shale 

aoo 

IWal 

3,386-6 

■,       thicknem  of  ocml 

89'6 

It  is  quite  probable  that  there  are  other  seanu  which  were  not  seen, 
ud  it  is  ft]9o  poBsible  that  aome  of  the  Beams  ma;  appear  twice,  as  tbe 
"i^nrenienlx  were  not  oontinnooa,  but  an  attempt  at  compilation  of 
"^^  partial  sections.     Immediately  below  the  base  of  the  section 
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the  ffToand  u  heavily  drift-oorered  with  a  few  expoenres  of  hard  gray 
saadstone,  leaving  room  for  other  Beftma. 

The  lower  beds  of  the  Creteuwooa  rocks  in  this  neighbourhood  show 
&  wide  variation  from  those  noted  hj  Mr.  McEvoy  in  his  section 
measured  last  season  near  Morrissey,  whereas  he  showa  these  beds  to 
consist  of  black  and  brownish  shales,  sandy  argillites,  shaly  limestone 
and  calcareous  shales  (see  Summary  Report,  1900,  page  89),  here  they 
are  composed  almotit  entirely  of  hard,  ligbtrcolonred,  rather  fine-grMoed 
sandstonee  with  a  few  thin  beds  of  gray  shale.  The  rocks  included  in 
the  coal  measures  consist  priDcipally  of  black  and  gray  shales,  dark- 
coloured  sandstones  and  a  few  thin  beds  of  impure  dolomite. 

On  the  east  side  the  coal  measures  are  cat  off  by  an  overthrast  fault 
of  large  dimensions,  the  line  of  faulting  being  nearly  parallel  to  the 
axis  of  the  ridge,  the  upper  beds  of  the  Devono-Carbaniferous  lime- 
stones and  quartzites  being  lifted  to  the  surface  and  having  the  ap- 
pearance of  overlying  the  coal-measures.  Croesing  these  limestones 
and  quartzites  in  a  northeasterly  direction  the  lower  Cretaceous  beds 
(sandstones)  are  again  encountered  overlying  conformably  the  Carbon- 
iferous rocks.  These  coaUnne  across  the  valley  of  Fording  river,  still 
dipping  to  the  north-east  at  decreasing  angles,  till  the  coal  measures 
are  again  met  with  on  the  eastern  slope  of  a  line  of  bills  which  lie 
between  Fording  river  and  the  main  limestone  range  to  the  east.  The 
summits  of  these  bilk  conforming  approximately  to  the  axis  of  the 
syncline  of  the  Cretaceous  basin.  Besides  this  large  fault  there  are 
evidences  of  a  number  of  minor  disturbances,  but  the  limited  time  at 
our  disposal  made  it  impossible  to  trace  them  out  in  detail. 

So  analyses  have  been  made  of  any  of  the  coal  from  this  area,  but  in 
general  appearance  it  is  very  similar  to  the  coal  from  the  Crows  Nest 
area.  The  quality  of  the  coal  in  the  various  seams  does  not  seem  to 
differ  to  any  great  extent,  though  it  is  probable  that  the  seams  num- 
bered 27  and  29,  in  the  above  section,  contain  a  slightly  better  qual- 
ity of  coal  than  the  remainder.  This  area  is.  at  present,  very  difficult 
of  aooeas,  but  the  Elk  river  valley  presents  an  easy  route  for  a  railway 
from  the  Crows  Nest  Branch  of  the  Canadian  PaciQc  railway  at  the 
junction  of  Michel  creek  and  Elk  river  to  the  base  of  the  Oreen  hills. 
That  part  of  the  coal  area  visited,  however,  is  situated  at  an  elevation 
varying  from  2,600  feet  above  the  valley  of  the  Elk  at  its  southern 
extremity,  to  about  2,000  feet  above  the  valley  at  the  northern  boun- 
dary of  lot  4,588,  group  I,  the  slope  from  the  valley  to  the  summit  of 
the  ridge  being  very  steep.  Within  these  limits  there  are  no  transverae 
valleys  of  sufGcient  size  to  afford  a  practicable  grade  from  the  Elk 
valley  to  the  coal  measures.     It  is  probable,  however,  that  further  to 
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tie  fldrtfi  the  ooal  meaaoras  oatorop  la  the  valley  of  Elk  river  and  may 
ponibl;  cron  it  to  the  west  aide. 

A  roQgh  top<^fraphical  survey  waa  made  of  the  Bonthem  part  of  this 
arm,  a  hose  line  having  been  meaanred  with  the  Rocbon  micrometer, 
■ogles  read  with  prismatic  compass  and  elevations  with  the  aneroid 
buometer. 

The  greater  part  of  the  timber  in  this  part  of  the  Elk  valley  has  Timber, 
been  deetrojed  by  fire,  though  patohea  of  good  spruce  (Pieea  Engd- 
nunni)  and  tamarack  (Larix  ooddenlalU)  remain. 

There  is  a  remarkable  sulphur  spring  on  the  Elk  river  trail  about  Suljihui 
17  mites  above  the  mouth  of  Michel  creek.  The  river  vaJley  here  is 
lather  wide,  open  and  prairie-like.  This  spring  is  situated  im- 
meduktely  at  the  foot  of  the  aaatem  slope,  and  occupies  a  ba^in 
^Dt  75  feet  long,  40  feet  wide  and  9  feet  deep.  The  water  is 
strongly  impregnated  with  sotpburetted  hydrogen  gaa,  which  bubbles 
Dp  from  the  bottom  in  four  or  five  places ;  the  characteristic  odour  of 
the  gas  is  noticable  for  upwards  of  a  mile  from  the  apring  when  the 
wind  is  from  that  direction.  The  water  ii  warm  and  beautifully  clear 
uul  of  a  bright  green  colour.  An  analysis  made  bj  Dr.  Hoffmann,  of 
Bpeomens  from  the  deposit  at  the  discharge  of  this  spring  gave  the  fol- 
loving  raults :  '  A  mixture  of  carbonate  of  lime,  with  a  small  quiui- 
%  of  mlphate  of  lime,  a  very  little  carbonate  of  magnesia  and  a  small 
qoMitity  of  free  sulphur.' 

On  returning  to  Feraie,  preparations  were  made  to  leave  for  the  Reported 
■WigwMi  river,  where  the  southern  coal  area  was  auppoeed  to  be  f^^  "^ 
eituted.    Leaving  Fernie  on  July   16  we  travelled  down  the  Elk 
river  to  the  Kootenay  valley,  thence  south  to  the  Tobacco  Plains, 
^bere  I  interviewed  Mr.  FhUlips,  who,  as  before  stated,  had  first 
uMntioDed  the  existence  of  this  supposed  southern  coal  area  to  Mr- 
HcEioj.    Having  been  furnished  by  him  with  a  sketch-map  of  the 
'^''tnct,  we  returned  northwards  about  twelve  miles  to  Dearosier'a, 
'^'^'n  the  trail  for  the  Wigwam  river  leaves  the  main  road.     This 
trw,  following  an  easterly  course,    crosses  the  Galtoa  range,  which 
Borates  the  Kootenay  river  from  the  Wigwam,  at  an  elevation  of 
abont  6,100  feet,  coming  down  to  the  Wigwam  river  about  twelve 
nilsa  above  its  mouth.     Crossing  the  river  here,  we  ascended  Bighorn  Rocks  of 
<:i^i  a  large  tributary  from  the  east,  camping  about  four  miles  up  ct^l^ 
this  stream.     Some  days  were  spent  here  examining  the  rooks  in  the 
▼iciiut;.  These  conaiated  chiefly  of  qnartzites  with  some  dark  quartzoae 
argHbtea  and  mioaoeous  schists.     Similar  rocks  had  been  crossed  all 
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the  WAj  from  Desrosier's  to  the  Wigwun  river,  referred  to  hy  Dr. 
Dawaon  u  the  '  Quartzite  Series '  of  Cambrian  nf^.* 

The  attitude  of  the  Cambrian  strata  is  here  considerably  disturbed, 
the  axes  of  the  folds  being,  generally  speaking,  along  north-and-south 
lines.  These  rocks  are  overlain  by  a  great  thickness  of  limestones  of 
Devono-Carboniferotis  age,  which  were  also  met  with  on  Bighorn  creek, 
about  half  a  mileeastof  our  camp  and  they  apparently  extend  eastwards 
to  the  head  of  the  creek,  forming  the  backbone  of  the  Macdonald 
raDge,  a  high  and  extremely  ragged  group  of  mountains  which  forms 
the  divide  between  the  Flathead  and  Wigwam  rivers. 

Being  satisfied  that  there  were  no  coal-bearing  rocks  in  the  basin  of 
Bighorn  creek,  I  returned  to  Tobacco  Plains  to  obtain,  if  possible, 
further  information,  Mr.  Denis  remaining  at  Bighorn  creek  continuing 
the  topographical  work  of  that  neighbourhood.  On  arriving  at 
Tobacco  Plains,  I  visited  Ur.  Phillips  again.  He  stated  that  ooal 
existed  further  up  the  Wigwam  river,  near  the  international  boundary, 
and  offered  to  send  his  sou  with  us  to  point  out  the  locality.  The 
following  day  I  started  back  for  Bighorn  creek  with  the  understanding 
that  Mr.  Phillips,  jr.,  would  overtake  ns  before  evening.  Bowever,  he 
did  not  put  in  an  appearance  ;  so,  after  waiting  two  days  at  our  old 
camp  on  Bighorn  creek,  it  was  decided  to  move  on  up  the  Wigwam 
witheut  him.  This  river  here  flows  nearly  due  north  and  occupies  a 
rather  wide,  flat-bottomed  valley.  There  being  no  trail,  progress  was 
necessarily  slow,  but  advantage  was  taken  of  the  low  state  of  the 
water,  which  enabled  us  to  keep  in  the  river  bottom,  crossing  and 
recroesing  from  one  bar  to  another,  except  in  places  where  the  valley 
narrowed  to  a  gorge,  compelling  us  to  cat  a  trail  on  the  hillside.  In 
this  manner  the  river  was  ascended  to  the  international  boundary. 

Camps  were  made  at  several  points  in  the  valley  and  from  them  the 
country  waa  explored  on  either  side,  but  nowhere  were  any  Cretaceoue 
rocks  found,  the  hills  on  both  sides  being  composed  of  Cambrian 
strata,  chiefly  quartzitee.  Time  was  not  available  to  make  any  com- 
plete section  of  these  rocks,  the  structure  generally  being  somewhat 
complicated  with  evidences  of  much  faulting  and  folding.  The  upper 
beds  are  composed  chiefly  of  rather  thin-bedded  white  qnartzites- 
These  are  underlain  by  altered  greenish  and  grayish  argillitee,  usually 
highly  siliceous,  some  thin  beds  of  gritty  eilicified  sandstone  followed 
by  massive  red  quartzite  and  impure  dolomitic  limestones.  Near  the 
summit  of  the  Oalton  range,  about  five  miles  north  of  the  boundary, 
a  very  hard  dark-green  intrusive  rock  was  seen  cutting  the  Cambrian 

•See  Annual  Report,  Geol.  Surv.,  Can.,  188B,  (N.8)..  vol.  I,  page  78b. 
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stnta;  this  tu  the  only  intrusive  rock  noted  in  place,  though  in  the 
linft  of  the  river  and  ita  tribntaries  in  the  vicinity  of  the  boundary 
there  were  many  fragments  of  a  dark  very  hard  amygdaJoidal  trap. 
Them  Cambrian  rocks  extend  from  the  river  westwards  at  least  to  the 
BDmmits  of  the  Oalton  range  and  eastward  about  five  miles,  when 
the  DevoDo-Carboniferoas  limestonea  of  the  Macdonald  range  are 
(oniid  overlying  them. 

The  groond  covered,  included  praotioally  all  of  the  Wigwam  basin, 
bwn  the  mouth  of  Bighorn  creak  to  the  international  boundary,  and 
vithia  these  limits  it  is  fairly  certain  that  no  ooal-bearing  rocks  exist. 
A  lew  days  before  returning  to  Ottawa,  however,  I  was  informed  that 
ml  was  reported  to  have  been  found  between  the  bead  of  the 
■^igmoi  river  and  Tobacco  Plains  on  the  west  slope  of  the  Qalton 
range.  If  there  is  any  truth  in  this  report,  the  area  must  be  very 
lumtfd  in  extent. 

The  valley  of  the  Wigwam  river  is  well  wooded  throughout  with  Timber, 
timber  of  fair  size ;  spruce,  (Picea  Sngalvumni),  and  black  pine,  (Pinus 
HvrrayoTia)  being  the  predominant  trees  of  the  lower  levels,  while 
on  the  higher  ridges  Piniu  AUncatiluB  and  Abits  Svhalpina  are  most 
abundant. 

I>«er  are  very  plentiful,  and  this  valley  appears  to  be  one  of  the  Gune. 
iBw  remoinutg  places  in  this  part  of  British  Columbia  where  beaver 
■n  V)  be  found  in  any  numbers. 

As  the  object  of  our  exploration  was  to  search  for  coal,  any 

'1^'ulwl  topographical  work  was  not  attempted,  but  enough  was  done 

to  compile  a  preliminary  map  of  this  section. 
"hen  we  returned  to  Femie  on    August    17th  instructions  were 

•weired  to  await  Mr.  Wm,  Fearce  and  co-operat«  with  htm  in  the 
*^A!tion  of  coal  lands  that  he  was  to  make  for  the  Government.      In 

*  Jnoanwhilo  a  few  days  were  spent  in  preparing  a  sketch-map  and 
"'"^  report  of  the  Oreen  Hills  area.     Mr.  Pearce  arrived  on  the  21st  Arrival  of 
*™  until  August  27th  we  were  engaged  with  him  in  examining  the 
>uiD(ia  openings  that  had  been  made  on  the  coal  seams  of  the  Crows 
NwOoel  Field. 

A  trip  was  then  made  to  Marten  creek  and  the  South  Fork  of 
^^^^1  crrak  wi^  the  intention  of  defining  the  eastern  outcrop  of  the 
<^  measures,  but  work  had  hardly  been  begun  there  when  a  message 
*"  "^ceived  from  Mr.  Fearce,  requesting  us  to  return  to  Femie  to 
™^^  Messrs.  Taylor  and  Turriff  who  had  arrived  there  from  Ottawa  to 
""^^tftke  with  him   the   selection  of  the    Uovemment  coal  lands. 
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Abont  ten  days  were  occnpied  in  going  over  the  Kround  with  these 
gentlemen,  after  which  we  returned  to  Marten  creek.  The  lat«Dese  of 
the  Bea«on  with  the  preeence  of  snow  prevented  U8  from  oontinning 
our  work  in  the  higher  mountains,  so  the  remiunder  of  onr  time  was 
spent  in  measuring  a  section  of  the  coal  roeaanres  on  this,  the  easterly 
outcrop  of  the  basin  as  well  as  examining  the  upper  valley  of  the  South 
fork  of  Michel  creek  with  reference  to  its  suitability  as  a  site  for 
mining  operations. 

Localities  Mr.  McEvoy,  in  his  report  of  last  year,  mentions  five  localities  from 

mminff  which  the  coal  measures  are  easy  of  access,  two  of  these,  Michel  and 

'  Coal  creeks,  as  well  as  the  north  side  of  Morriasey  creek  are  already 

occupied  by  the  Coal  Company,  while  on  the  south  side  of  Morrissey 
creek  some  prospecting  has  been  done  by  the  Canadian  Pacific  Rail- 
way Company.  So  important  development  work  has  as  yet  been  done 
at  either  of  the  remaining  localities — Lodgepole  creek  and  the  Sou^i 
Fork  of  Michel  creek.  The  first  of  these  was  visited  by  Mr.  Pearce, 
while  we  directed  our  attention  to  lie  latter. 

South  Cork  of       The  coal  measures  outcrop  in  the  valley  of  the  South  fork  of  Michel 
Michel  creek.  ^.^^^^  ^^^  ^  ^^^  ^^^^^  jqj  ^^jj^  ^y^^^  ^^^  ,  j^p  >  ^j  ^j^^  Crows  Nest 

Branch  of  the  Canadian  Pacific  Railway,  and  at  an  elevation  of  about 
900  feet  above  the  railway.  This  valley  would  thus  affiird  a  compara- 
tively easy  grade  for  a  branch  line,  and,  as  it  is  fairly  wide  and  fiat- 
bottomed,  there  would  be  ample  room  for  coke  ovens  and  other  neces- 
sary structures.  As  stated  by  Mr.  McEvoy,  there  are  two  faults 
running  parallel  to  the  valley,  one  on  each  side  ;  the  eastern  being  the 
most  important.  This  fault  was  not  traced  northwards  farther  than  the 
branching  forks  of  the  South  fork.  To  the  south,  it  continues  nearly 
parallel  to  the  stream  about  a  mile  to  the  eastward,  to  near  the  sum- 
mit, when  the  valley  swings  round  to  ^e  east,  meeting  the  line  of  fault 
which  continues  across  the  summit  and  down  the  valley  of  a  branch 
of  the  Flathead  river.  This  fault  is  probably  an  overthrust  from  the 
east,  the  rocks  to  the  west  of  it  in  the  valley  being  chiefly  conglome- 
rate and  gritty  sandstones  with  some  beds  of  brownish  and  yellowish 
arenaceous  shales,  characteristic  of  the  beds  overlying  the  coal  measures. 

Western  The  western    fault  lies  generally  below  the  outcrop  of  the  coal 

fault.  seams  on  the  face  of  the  escarpment,  and  dies  out  about  one  mile 

and  a  half  south  of  Marten  creek.  The  structure  here  is  difficult  to  trace 
ouL  as  the  hillsides  are  heavily  drift-covered  and  densely  timbered, 
exposures  being  very  scarce.  However,  it  is  possible  l^at  this  is  also 
an  overthrust  fault,  the  movement  in  this  case  being  from  the  west. 
If  BO,  the  area  lying  between  these  two  faults  in  the  valley-bottom 
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DIM  be  trnderUin  by  the  coal  mBunree,  bnt  further  informatioD  is 
Beeenuy  before  the  attitude  of  theae  beds  is  made  eotirely  clear. 

Tke  section  given  below  was  meaaored  at  a  point  od  the  weit  side 
of  the  creek,  about  two  railee  and  a  half  south  of  the  month  of  Marten 
entk  The  lower  seams  are  oot  included,  as  they  outcrop  Jo  the  TftUey- 
bottom  where  the  covering  of  drift  is  bo  deep  that  it  was  impossible  to 
iu]<!OTer  them  in  the  time  available.  The  strike  here  is  generally  about 
N.  9°  W.,  dip  about  35°  to  the  west,  gr^idually  flatteninff  towards 
(he  wesU  This  dip  remains  fairly  regular  to  the  north  for  about  a 
mile,  when  the  western  fault  mentioned  above  b  met  with.  To  the 
Booth  the  coal  seams  gradually  disappear  beneath  the  bed  of  the  creek, 
which  is  here  rising  rather  rapidly,  till  the  summit  is  reached,  when 
tbtj  are  cut  off  by  the  eastern  fault  and  do  not  outcrop  agun  for 
BOms  miles  down  the  Flathead  river. 


The  section  which  follows,  measured  by  Mr.  Denis,  i 
dcKOQiliDg  order : 


6.  Gray  sbale 

B.  Blx^  shale. 

7.  Co»l 

B.  BUckahale 

i.  Gnj  ibale  with  a 


>r  buds  of  black  shalp ffl- 


l  SuidaUme 

).  6ra;*iidbUckBhkle 8' 


i.  Cml  with  shale  parting. 

i.  Gny  Hhale 

i.  Black   .,    

[.  Gr»y     

a  Coal 

{.Grayihak W 

1.  Coal  with  shale  parting 

i.  Gray  and  black  shale  with  a  little  coal . 

I     ..     shale 

r.  Coal. 


I  Block  shale  . 
J.  Gray      .1     .. 

1.  CoU 

1.  Black  sbale  . 
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Gray  absle  with  x  litde  ookl 

.   ...    31-0 
78B 

atale 

...        161 

I.  Covered.. 


w  buidB  of  black  and  carbcm- 


'.   Atenaopoiu  shale  with  n: 

ftceoiuKhale 

..  Block  Mid  carboDAcroun  abate  intii  tbia  wanu  of  ooal. . . 

I.  Coal  with  sliale  parting 

I.  Black  ihale  with  thin  aeaais  of  ooaL 

k  Dark  gtayiBh  sbale. .    ...   ..  . 

i.  Coal  with  nhalf!  parting 

i.  Black  shale  with  thin  (eanw  of  coal 


Total .. 


tbickDMB  of  coal . . 


A  comparison  of  this  section  with  that  measured  by  Mr.  McEvoy 
last  year  near  Morrisse;,  gives  the  following  results  : — 


On  South  Fork  of  Jiiehtt  Crttk. 

Scams  numbered.  Feet 

24  Goal  with  partinn 73 

Intetvoning  bedi. 470 

30  Coal 13-0 

Interi-ening  beds 1151 

86  Coal 2-1 

Intervening:  beds 1127 

4S  Coal  with  partinn 71 

Interveniog  bede 61'7 

«  Coal  with  partings 26-2 


FeeL 


Jfear  Uorrittep. 

SeaiDB  numbered. 

60  Coal 

Intervening  beds. 

53  and  55  Coal  with  parting. . 

Intervening  beds 154 ' 

68  Coal 3- 

Intervening  beds 130' 

61  Coal 10' 

Intervening  beds 140' 

ti3  Coal  (upper  10  feet  impure) S6' 


It  will  be  seen  from  the  above  table  that  the  ooal  seams  are  fairl; 
penisteot,  cousidering  the  fact  that  these  two  points  are  about  t«n 
miles  apart.  The  intervening  beds,  however,  show  a  wider  variation 
with  a  decided  tendency  to  thin  out  in  the  lower  part  of  the  section 

The  Crows  Nest  Pass  Coal  Company  are  operating  mines  at  three 
points,  Michel,  Coal  creek  and  Momseey  creek.  At  preaent  Coal 
creek  is  their  principal  point  of  supply,  producing  over  1,600  tons 
a  day.  During  the  post  summer  extensive  improvements  have  been 
mode  and  new  machinery  installed,  two  Robb  engines  of  250  horse 
power  each,  one  200  horse-power  compressor,  and  a  new  ventilating 
fan  with  a  capacity  of  250,000  cubic  feet  of  air  per  minute,  as  well  as 
a  new  tipple  for  the  So.  1  mine  having  been  added  to  the  plant  at 
Coal  creek.  With  these  additions  in  operation  it  is  expected  that  the 
output  will  be  very  largely  increased  before  long. 
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At  Michel  the  output  has  been  about  200  tons  a  da>;,  wonchiefiy  in  Mining 
tile  oonrse  of  development  work.     Mining  at  this  point  is  attended 
with  more  difficulties  than  at  either  Coal  or  Morrisaey  oreeks,  several 
faults  having  been  encountered,  the  atruottire  generally  being  more 
disturbed,  and  the  coal  more  sheared  and  friable. 

No  shipments  have  been  made  as  yet  from  Morriasey  but  prepara- 
tions are  veil  uuder  way  and  it  b  expected  that  before  long  the  out- 
pat  from  this  point  will  equal  or  even  exceed  that  from  Coal  creek. 
A  spur  line  is  now  nearing  completion  from  the  Crows  Nest  Southern 
Railway  to  these  minea.  This  railway,  at  present  under  construction,  Bailway 
runs  from  Fernie  to  Tobacco  Plains,  there  connecting  with  the  Great 
Northern  Rfulway,  and  will  aSbrd  an  outlet  to  the  south  for  a  large 
output  of  coal.  Six  aeame  have  been  opened  up  at  Morrissey  which 
correspond  to  seams  nnmbered  61,  63,  71,  73,  75  and  81  in  Mr.  , 
McEvoy's  section  (see  Summary,  1900). 

The  Crows  Nest  Pass  Coal  Company  have  now  in  operation  at 
Femie  424  coke  ovens,  of  which  112  have  been  built  during  the  past 
summer,  producing  about  SCO  tons  of  coke  a  day.  At  Michel,  a  battery 
of  212  ovens  is  now  under  construction,  while  at  Morrissey  the  com- 
pany is  contemplating  building  GO  more. 

As  before  mentioned,' the  Canadian  Pacific  Railway  Company  has  Pna^tjng 
done  soine  prospecting  work  on  the  south  side  of  Morrissey  creek.  In 
addition  to  this,  some  vork  has  been  done  by  this  company  on  the 
South  fork  of  Michel  creek,  several  seams  having  been  uncovered 
here.  In  most  3aaes,  however,  sufGoient  work  was  not  done  to  show  the 
thickness  of  the  seams  and,  on  account  of  the  disconnected  nature  of 
the  work,  the  relationship  of  the  seams  in  the  various  openings  was 
not  clearly  shown.  Two  bore  holes  were  sunk  with  a  diamond  drill 
by  this  company  near  Michel,  both  immediately  alongside  the  railway, 
the  first  (No.  1)  about  1'4  miles,  and  the  second  (No.  2)  about  2  miles 
south-east  of  the  station.  Copies  of  the  records  of  these  borings, 
kindly  furnished  by  the  company,  are  given  below. 

Ifo.  1  Drill  HoU. 

Feet.  In.        Drill  bolw  &t 

1  Sand  .nd  Ri»veL 7  e         MicheL 

2  Hard  gny  sandatoue 41  6 

3  CoQglomerate. 23  0 

i  Hard  Madrock  aud  conglomerate. 16  0 

6  Softblnok  Mnd. 2  0 

6  Slate .,  21  6 

7  Coal  and  alate. I  6 

8  Coal 3  0 

9  SUle 16  0 

10  Coal 8 
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Foel.  In. 

11  SUte 15  0 

12  Sand  shale. 28  6 

18  CooL 0  « 

14  Soft  black  Blate 1  6 

16  CoaL 2  0 

16  Sand  shile.   73  6 

ITCoaL B  0 

IB  Coal  and  >lat« 20  8 

19  Sand  shale. 22  6 

SO  Graf  sandrock 20  0 

21  Slate 13  6 

22CoaI 3  9 

2S  Soft  slate  . ,   . .    0  9 

24  Coal 2  S 

SeSoftslats 1  0 

36  CoaL 3  3 

2rSoftBlate 0  9 

28Coal 1  3 

29Softslate 1  0 

30Coal 2  0 

3lSoft«l»t« 0  9 

82Coal 3  0 

SSSlate «  I! 

34  CoaL 7  0 

SB  Sand  shale. 10  0 

36  Dark  hard  BandBtone 94  0 

37  Goal 4  0 

38  SUte  and  ooal .' 2  0 

30SwidJi»le 13  0 

40  Black  slate 2B  9 

41  CoaL 5  6 

42  Slate  and  ccnl 4  9 

43SandBhale. 11  0 

TotaL   636  0 

No.  i  Drat  Bole. 

FePt.  In. 

1  Sand  and  gn\A 6  0 

2  Gray  Bandroek TB  0 

3  Graf  Bandrock  and  conglomerate. 12  0 

4SUte 18  8 

6  Coal 2  6 

6  Slate IB  0 

7  Slate  and  ooaL 1  0 

8  CoaL 5  0 

9  Slate  and  ooal 3  0 

lOSIate 7  0 

11  CoaL  2  0 

12  Slate 23  0 

ISShale. 119  0 

14  Dafk  gray  sandrock 23  0 

IB  SUte  and  ooal 10  0 

leCoal 8  0 
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Feat.  In.        gootion. 

17  SI»to 0  8 

IS  Ccal 0  6 

laSUte 0  3 

aOOori 7  3 

a  8i»t8 1     3 

2ZCoti 0      a 

23SUte 7  6 

24Co«1 8  9 

2SSUte 0  9 

26Co«l 6  3 

97Sl»te 0  9 

28  Goal 0  e 

39  SlMe  and  oul  5  9 

SO  Cokl 2  0 

31  SaodaluJe 10  0 

33  IHAgn.3  sandiook SB  0 

33  Black  date 10  3 

34  Coal 2  6 

S5  tfamd  rook,  ihalo  and  slate. 39  9 

36  Slate  and  ooal .   1        0 

37  Hard  gray  modrock. IS       0 

Total 610       0 

It  will  be  ooticed  that  there  ia  no  mention  of  the  dip  of  the  strata 
in  either  cose,  so  that  it  is  probable  that  a  dednotioo  from  the  above 
flgnres  ahonld  be  made,  as  it  is  not  likely  that  the  strata  here  are  hori- 
BODtal.  It  is  evident  that  the  sections  shown  by  these  two  bore  holes 
are  at  the  same  horizon,  although  the  coal  seams  show  a  wide  varia- 
tion in  the  two  holes,  one  seam,  No.  17,  shown  in  bore  hole  No.  1, 
not  appearing  in  No.  2  bole.  This  may  be  due  to  local  thinning 
oat  Theee  sections  hardly  afford  sufficient  informatjon  to  attempt  a 
correlation  with  Mr.  McEvoy'a  section  near  Morrissey.  It  is  possible, 
however,  that  the  seams  from  Noe.  22  to  34  in  bore  hole  No.  1  and  from 
Nos.  16  to  30  in  bore  hole  No.  2  represent  the  seams  included  between 
Kos.  77  and  81  in  the  Morrissey  section. 

The  following  foesila  were  oollected  during  the  summer,  both  from  FoMilt 
the  coal-bearing  recks  and  the  underlying  limestone,  all  of  them,  as  yet, 
being  ondetermined :  Seven  fragmente  of  belemnitee  and  one  impres- 
sioo  of  an  ammonite  from  the  shales  underlying  the  coal  measure' 
near  Pernie  ;  one  fossil  plant  from  lower  shales  at  Hosmer,  two  fossil 
plants  from  coal  seams  at  Morrissey,  eighteen  fossi!  plants  from  coal 
seams  at  Oreen  Hills,  four  corals  and  several  spirifers  from  top  of 
Devoao-CarboniferoQS  limestones  of  the  Oreen  Hills. 
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Rid  Dssb  Bivkb,  Albebta. 


Mr.  Lawrtntx  M.  Lambt. 

The  second  put  of  '  A  Reviaioa  of  the  Genera  &nd  Speciee  of  Cana- 
dian Falnozoic  Corals '  was  issaed  earl;  in  Uay.  Thia  report,  referred 
to  in  kst  year's  Summary  as  being  then  in  the  press,  forms  part  TI  o£ 
Tolome  lY  of  'Contributions  to  Caoadiaa  Palieoatology'  and  is  descrip- 
tiTe  of  the  Madreporaria  Aporou  and  the  Madreponuia  Bngosa.  The 
two  parts  of  this  report  on  fossil  corals  together  oomprise  two  hundred 
pages  of  text  illustrated  hj  eighteen  plates. 

The  studj  of  the  vertebrate  remains  from  the  Laramie  and  Bellj 
river  series  of  the  CretaceooB  of  the  North-west  Territories  was  con- 
tinned  during  the  past  year,  and  oonsiderable  progress  has  been  made 
therein,  the  object  in  view  being  the  production  of  on  illustrated 
report,  descriptive  principally  of  the  Dinosaurian,  Chelonian  and  Cro- 
codilian remains  found  so  admiraUy  preserved  at  many  localities  in 
oar  North-west  The  material  available  for  study  consbts,  fur  the 
most  part,  of  collections  made  by  myself  on  the  Bed  Deer  river. 
Alberta,  in  1897  and  1898,  to  which  has  been  now  added  a  large  col- 
lection made  during  the  past  summer  in  the  same  locality.  Additional 
to  these  collections  are  specimens  previously  obtained  from  the  same 
horizons,  at  a  number  of  localities  in  the  North-west,  by  officers  of  the 
Survey,  viz:  hy  Dr.  G.  M.  Dawson  in  1873,  1874  and  1881  ;  by 
Professor  John  Macoun  in  1880,  by  Mr.  R  G.  McConnell  in  1882,  by 
Mr.  T.  C.  Weston  in  1883,  1884  and  1889  and  by  Mr.  J.  B.  TyrreU  in 
1884. 

Over  two  months,  viz.,  July,  August  and  part  of  September  were 
spent  in  the  field  this  year.  Acting  under  instructions  to  supplement 
the  collections  of  1897  and  1898,  by  spending  another  season  in  the 
Bed  Deer  river  district^  I  left  Ottawa  on  July  2  and  proceeded  direct 
to  Medicine  Hat,  Assiniboia,  where  provisions,  etc.,  were  procured. 
Tbe  Bed  Deer  river  was  reached  by  trail  from  Bantry,  a  flag  station 
on  the  Canadian  Pacific  Bailway,  about  sixty  five  miles  north-west  of 
Medecine-Hat. 

In  the  extensive  area  of  '  bad-lands,'  exposing  tbe  rocks  of  the 
Belly  river  series  of  the  Cretaceous,  on  the  Bed  Deer  river  between 
the  mouth  of  Berry  creek  and  Dead  Lodge  canyon,  where  I  remained  in 
camp  until  tbe  end  of  the  6nt  week  in  September,  I  was  successful  in 
securing  a  large  collection  of  Chelonian,  Dinosaurian,  Crocodilian,  fish, 
primitive  mammalian  and  other  vertebrate  remains  of  considerable 
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sdeattflc  value.  This  collection  is  of  importuioo  in  working  ont  ths  mk-  Importanoe  of 
teriftl  already  on  hand,  as  it  throws  mach  additions  lligbt  on  some  of  the  1901. 
prohlema  mlatifig  to  the  generic  and  specific  affinities  of  the  animals 
rapreaented  in  the  collections  of  former  years.  It  also  adds  to  our 
knowledge  of  Gretaoeous  vertebrate  life  generally,  indicating  at  the 
nme  time  the  richness  of  the  palteontological  field  in  the  north-west 
and  the  possibUitieB  there  for  farther  reaesroh. 

I  was  assisted  in  the  field  by  Mr.  Heber  Cole,  of  Montreal,  who  con- 
triboted  materially  in  every  way  to  the  succesB  of  the  espedition. 
After  returning  from  the  west,  until  the  end  of  the  year,  my  time  was 
slmost  entirsly  oocapied  in  a  preliminary  study  of  the  newly  acquired 
material  from  the  Red  Deer  river. 

A  short  paper  on  Adoam  variolonu,  Cope  (sp.),  one  of  the  tnrtlee 
represented  in  the  collections  from  the  Bed  Deer  river,  was  issued  in 
Juie  last.     This  report  appeared  in  the  '  Uttawa  Naturalist '  under  CretMscnu 
the  title   '  Notes  on  a  tm-tle  from  the  Cretaceous  rocks  of  Alberta '  " 
and  is  illustrated  by  four  plates. 

The  following  notes  are  descriptive  of  some  interesting  turtle  remains 
collected  last  aammer  :— 


ON   lUIONTX    F0VEATTJ8,  LEIDY,  AND    TEIONYX 

VAGANS,  COPE,  FROM  THE  CRETACEOUS 

ROCKS  OF  ALBERTA. 

fi7  Lawrence  M.  Lahbe. 

(With/our  plaiea.) 

During  the  past  summer  whilst  engaged,  on  behalf  of  the  Geological 
Snrvey,  in  making  a  oollection  of  vertebrate  remains  from  the  Creta- 
ceous of  the  Red  Deer  river,  Alberta,  to  supplement  the  material 
obtained  in  two  former  years,  the  writer  was  fortunate  enough  to 
secure  two  almost  complete  carapaces  of  turtles,  one  referable  to 
Trionyx  /ovealus,  Leidy,  the  other  to  T.  vagant.  Cope.  In  the  Red 
Deer  river  district,  referred  to,  the  remuna  of  these  two  species  are 
abondjutt  and  are  found  associated  with  a  number  of  other  species  of 
Chelonia,  of  which  one  is  Adocus  variolotut,*  Cope  (sp.),  remarkable 
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alike  for  ite  aize  and  the  strikiDglf  rugose  oharacter  of  the  scolptaro 
of  its  shell.  The  rocks  holding  these  remains  belong  to  the  Belly  river 
series  of  the  CretaceoaB  brackish  water  deposits  nnderljing  the  Pierre 
Fox-Hills  formation,  by  whioh  they  are  separated  from  the  stUI  higher 
Laramie  series. 

Trionyx  /oveatttsi  was  originally  described  in  1860  by  Leidy  from 
sroall  fragmeata  of  costal  and  sternal  bones  from  the  Judith  river 
beds  of  Nebraska. 

The  Red  Deer  river  specimen  of  T.  foveatui  consists  of  the  cara- 
pace, in  which  the  nuchal  plate  b  missing,  without  any  part  of  the 
plastron.  Sternal  plate?,  probably  referable  to  this  species,  were  fonnd 
Dot  far  distant,  but  further  reference  will  not  be  made  to  them  here. 

The  carapace  (Plate  II,  tg.  2)  is  a  little  less  than  one-fourth  broader 
than  long,  and  is  only  slightly  convex.  The  eight  costals  of  the  left 
side  are  practically  entire,  but  the  fiii^t  right  costal  is  wanting.  Five 
neural  plates  are  preserved  with  part  of  another  that  lay  principally 
between  tfae  first  ooatala,  its  posterior  end  being  between  the  front 
inner  borders  of  the  second  costals.  If  this  neural  were  as  long  in 
proportion  to  its  breadth  as  the  plate  immediately  following  it,  its 
front  margin  probably  effected  a  sntnral  union  with  the  nuchal  plate, 
and  its  outline  was  presumably  as  ia  shown  by  the  dotted  lines  in  the 
figure.  J  Keorals  two,  three  and  four  are  six-sided,  neural  five  is 
oblong,  and  neural  six,  lying  for  the  most  part  between  the  sixth 
costals,  is  shield-shaped,  coming  to  a  point  behind.  The  seventh 
costals  are  suturally  united  at  their  inner  ends,  where  they  develop 
a  breadth  sufficient  to  separate  the  eighth  costals  from  each  other. 
These  latter  are  snbtri angular  in  shape,  with  three  convex  sides- 
The  nuchal  plate  was  evidently  small,  as  the  lateral  termination 
of  the  suture  (a  in  the  figure)  between  it  and  the  left  first  costal 
indicates  a  side  extension  scarcely  past  a  point  in  advance  of  the 
mid-length  of  the  first  costal.  Small,  shallow,  rounded  depressions 
mark  the  surface  of  the  neurals  and  the  inner  ends  of  the  oostala.  In 
the  latter,  as  the  distance  from  the  neurals  increases,  the  depressions 
gradually  grow  larger  and  more  decided,  becoming  often  reniform  or 

tTruuaotioiu  of  the  Ameriinui  Fhiloaophical  Society,  vol.  XI,  p.  148,  pi.  li,  figi. 
1  and  2.  Extioct  Vertebntk  from  the  Judith  river  and  Great  Lignite  formMions  of 
NebTMka. 

JSinoe  the  above  wu  written  lOine  misplaoed  fragmentR  have  been  added  to  the 
anterior  ead  of  this  oanp&ce ;  they  reveal  the  fact  that  the  first  ooetatg  are  id  reality 
•eparated  by  a  divided  fint  oeunJ.  The  writer  wiahea  here  to  eipreu  hii  indebt«d- 
Dssa  to  ProfeMor  Oaborn  and  Dr.  Hay,  of  the  American  Muwmn  of  Natural  History, 
tar  the  loan  ot  the  typa  of  Trionyx  vagant  and  the  opportiunity  thiu  afforded  him  of 
makisit  a  direct  oompu-iHiD  of  the  type  with  the  1t^  Deer  Hpecimen. 
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orat  And  frequently  coftUsoing,  until  in  the  distal  enda  of  the  costals 
A  kw  man  or  leaa  continuoua  furrows  are  fonned  pttrallel  with  the 
uter  mAtgiua  of  the  ptktes.  Theee  furrows  »re  a  conspicuous  feature 
in  die  sculpture;  the;  are  not  so  well  marked  on  the  posterior  margin 
of  (he  CAK^iaoe,  but  they  are  well  developed  near  the  front  edgee  of 
the  Gnt  coatsls.  In  the  neurals  and  inner  halves  of  the  costals  there 
is  A  oaiTOw,  smooth  strip  devoid  of  scalptore  bordering  the  sutures. 
The  lib-heads  are  well  developed. 

Meuorements  : 

M. 

Eatinuted  len^  of  c*r»p«e  ftlong  median  line  (6fo  inches).. . .  '170 
Dirtuce  from  front  mugin   of  Brat  c«Ut  to  back  margin  of 

Mventh  costal  (ili^tly  over  6^  inchea). '167 

Maximum  breadth  of  csniHce  (S^  inchea). -314 

Jjeagth  of  second  nenraL     -OSB 

Maximum  bieadtb  of  seoond  neUTaL -017 

Thidaiew  of  foorth  ooetaJ  at  contre  near  inner  end -OOB 

Thicknew  of  tDorth  coatal  at  ceatn  near  outer  end "OOB 

Thickncaa  of  eighth  ooetal  at  centre -QOB 

Trionyx  planus,*  Owen  and  BeU,  a  British  Lower  Eocene  species, 
described  from  the  posterior  half  of  the  carapace,  bears  a  strong  gene- 
nl  resemblance  to  T.Joveatus  as  regards  the  sculpture  and  also  in 
the  absence  in  both  species  of  the  seventh  and  eighth  neurals  aocom- 
[wnied  by  a  similar  curtailment  of  the  sixth  neural.  The  strong  de- 
relopmenl  of  the  seventh  ooetals  found  in  the  Red  Deer  river 
<a»paoe  resulting  in  a  reduction  of  the  ^hth  pair  of  coatals  may  be 
AQ  irr^nl&rity  of  growth  of  no  specific  importance. 


Tbs  second  species  of  Trionj/x  represented  by  an  almost  complete 
CArapsce  is  referred  to  T.  vagant,  Cope,  fint  described  by  that  antho- 
rit;inl871t  from  'a  number  of  fragments  of  costal  bones  and  periiape 
of  tteroAls also,'  from  the  '  Lignite  cretaceous  of  Colorado;  near  the 
movtb  of  the  Big  Horn  river,  Montana  ;  Long  lake,  Nebraska ; 
fofiitd  at  the  last  two  localitiea  by  Dr.  Hayden.'  Later,  in  18T6,  in 
'  The  Tertebrata  of  the  Cretaceous  Formations  of  the  West'  the  same 
deswiplion  appews ;  this  time  with  figures  of  two  fragments  of  costal 
booes.  Dr.  0.  F.  Hay,  of  the  American  Museum  of  Natural  History, 
Ne«  York,  has  kindly  compared  part  of  a  costal  plate  from  the  Red 
Deer  river  with  fragments  labelled  T.  vagant  by  Professor  Cope  in 
tbe  Sew  York  collections.    Owing  to  the  insufficiency  of  the  published 

*  Hcmognph  of  the  Britiih  Beptilia  of  tbe  London  Cla;,  part  I.,  p.  6S.  tab.  XIXC, 
IStS,  PilcontogTApbical  Society. 
tBoUttiD  of  the  United  States  QecJogical  Butrey  of  tbe  Territories,  1874,  No.  2,  p.  39. 
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deacriptioD  uid  figures  of  this  species,  the  writer  coald  softrcelj  judge 
whether  the  Canadi&n  speoimens  were  or  were  not  referable  to  T. 
vagana,  but  Dr.  Ha^  writes  that  he  thinks  the^  probablj'  are. 

The  carapace  (Plate  IV,  fig.  4)  is  broader  than  long,  the  breadth 
exceeding  the  length  by  more  than  one-sizth  and  it  ia  only  moderately 
convex.  In  outline,  u  seen  from  above,  it  is  flat  behind  with  the  sides 
onrving  broadly  to  the  front  margin,  at  the  centre  of  which  there  is  a 
shallow  concavity.  The  shell  protrudes  where  the  ribs  pass  outward 
from  beneath,  causing  the  lateral  margin  to  be  sinuous,  the  sinuosity 
being  most  marked  toward  the  front  in  the  first,  second  and  third  pairs 
of  costal  plat«s.  Of  the  eight  pairs  of  costals,  the  first  costals  are  the 
broadest  at  the  inner  ends,  whilst  the  fifth  are  the  broadest  distally ' 
The  seventh  costals  are  extremely  narrow  throughout  their  length  and 
the  eighth  pair  is  well  developed.  The  first  oostala  increase  in  breadth 
raUier  suddenly  at  their  outer  ends  and  are  separated  by  a  divided  first 
neural  plate.  The  nenrals  gradually  decrease  in  breadth  to  the  fifth,  their 
■ides  being  not  so  nearly  parallel  to  each  other  as  those  of  the  correspond- 
ing plates  in  T.  fovtataa.  The  sixth  and  last  nenral  ia  very  much  reduced 
in  size  and  is  irrei^ulariy  oval  in  outline.  Of  the  protruding  rib-ends, 
all  the  six  of  the  left  side  were  secured,  in  a  fair  state  of  preservation, 
except  the  one  belonging  to  the  Grst  costal  and  it  was  obtained  in  part. 
The  rib-heads  are  well  developed.  In  the  figure,  the  nuchal  plate  is 
represented  as  entire.  Of  the  carapace  under  consideration,  the  central 
part  only  of  the  nuchal  plate,  extending  from  the  margin  in  front  to 
the  suture  behind,  was  found,  but  fortunately  the  left  end  of  a  nuchal, 
of  another  individual  of  similar  size,  showing  the  left  front  margin  and 
the  suture  between  the  plate  and  the  first  costal  with  part  of  the  latter 
adherent,  supplied  the  deficiency.  The  sculpture  consists  of  anetwork 
of  narrow  ridges  ramifying  and  inosculating  so  as  to  enclose  smalb 
sunken  aree  of  irregular  shape  and  size,  the  arose  being  generally  wider 
than  the  ridges  are  broad.  The  frequent  confluence  of  a  varying 
number  of  aree  results  in  a  more  open  pattern,  the  ridges  at  times 
shewing  a  tendency  to  run  in  parallel  lines.  The  scnlptare  ia  not  so 
distinctly  defined  neu-  the  sides  of  the  carapace  as  it  is  toward  and  at 
the  centre  and  anteriorly,  but  in  the  hinder  part  it  is  more  decidedly 
rugose,  the  ridges  being  here  higher  and  the  enclosed  arose  larger. 
Near  the  intercostal  sutures,  more  particularly  in  the  inner  halves  of 
the  ooetal  bones,  the  sculpture  is  partially  effaced  and  consists  of  low, 
poorly  defined  parallel  ridges  at  right  angles  to  the  auturea,  forming 
a  distinct  border,  with  a  maximum  breadth  of  about  -5  centimeters.  A 
smooth  border,  broadest  at  the  sides  of  the  carapace  and  narrowest  in 
front,  extends  along  the  whole  of  the  peripheral  edge. 
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Ajregarda  adirided  first  neural  iaepeciefl  of  this  g^ias,  it  ia  iutorest- 
ing  to  note  th&t  Ly dekker  in  desoribing  T.  fnetiteiuia,  from  the  Miooeae 
of  Haltai,  in  1891,  (Quarterly  Journal  of  tho  Oeologioal  Society,  vol. 
XLTII,  p.  37,  fig.  1)  mentiona  ths  ocomrenoe  in  tha  Miocene  specdes 
of  a  divided  first  neural  and  remarks  (p.  37)  that  '  all  the  fossil  species 
hitherto  described,  of  which  the  entire  oarapaoe  ia  known,  agree  with 
the  normal  type  in  having  but  a  single  long  neural  between  the  first 
pair  of  coatale.' 

Ueaauremeats : 


Lsnfctb  of  CBTKpBoe  along  mediui  line  {18}  inchea). . 

Murinnim  breadth  of  canpBOe  (23^  incbes) 

Breadth  of  Bnt  caat>l  at  inner  end 


Breadth  of  fifth  coital  at  oater  end 

Thioknan  of  same  at  outer  end 

Breadth  at  mid-length  of  seventh  ooetal . . 

'EiiokDen  at  centra  of  eighth  ooatal. . 

Maiimnm  breadth  of  neural  1 .    . 

Haiioinm  breadth  of  neural  la 

Length  of  same 

Thickneai  of  nuohal  pJate  at  left  end 

Lei^h  of  vertebral  OQitrum 
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EXPLANATION  OF  PLATES. 


FlOCBB  L  Upper  aurf >ce  of  the  ouapace  at  Triaayx  fortaba,  Leidf  ;  from  the 
CraUoeona  of  Alberte.  One-half  lutiml  aizs.  Tba  linuoua  Unas  indic^ts  the  BUturtia 
betwoen  the  bonea ;  the  dotted  ones  [»rt*  raatored  ;  NU,  nuchBl  bone ;  N  1,  2,  Aic , 
nennd  bones ;  C  I,  2,  &c.,  coBt»1  bonea. 


FloCBB  la.  Outline  of  the  tnnaverae  curve  of  the  upper  v 


FiGCBlS.  Upper  lurfaoe  of  th«  orapaoc  of  Trionyx  vogata.  Cope;  from  tbe 
Creta«eoiu  of  Alberta.  One-eighth  the  lutura]  aJEe.  Linei  and  letters  aa  in  figure  1 
of  idateL 

FiavBS  3a.  Outliiw  of  the  tranavene  curve  of  the  upper  >urf ace  of  Che  carapace. 

FionsB  Si.  The  aculptura  of  part  of  the  upper  auif  aoe  of  the  same  qarapace  ; 
from  a  photograph.    Natural  liie. 
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Geological  Survbt  of  Canada. 
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Reoidk  South-kast  of  Lac  Sedl. 
Mr.   William  Meltmet. 

The  winter  of  1900-1  wm  spent  at  Ottawa  in  office  work  and  was 
chieflj  given  to  the  snperriaioa  of  the  compilatioB  of  the  Maniton 
sheet  and  to  the  preparation  of  a  report  to  aooompony  that  and  the 
Ignace  sheet. 

Pnrsnant  to  instruoticms,  the  work  of  the  past  summer  was  directed  Soopeofwork. 
mainly  to  the  completion  of  the  geologioal  and  topographical  details 
neceeaar;  for  the  compilation  of  the  geological  map-sheet  lying  to  the 
north  of  the  Ignace  sheet.  I  was  accompanied  from  Ottawa  by  Mr-  Aniituit. 
A.  E.  Q.  Haokeuzie,  of  Campbellton,  N.B.,  who  had  been  appointed 
08  my  assistant  for  the  summer.  Mr.  Mackenzie  proved  most  willing 
and  capable  and  his  servicee  during  the  aonmier  were  of  valne. 

While  waiting  for  canoes  at  PorC  Arthur  I  was  enabled,  throagh  UuisdUti 
the  coarteey  of  Mr.  Mann,  to  make  a  trip  to  the  end  of  the  track  on  luilwa^ 
the  Canadian  Northern  Railway,  where  part  of  the  Abikokan  iron 
belt  was  examined.  At  locations  1 38x  and  1 39z  two  bands  of  magaetio 
iron  ore  were  seen,  not  apparently  of  high  peroent^e  and  shewing 
considerable  snlphar  in  the  form  of  pyrite.  These  belts  lie  about  200 
yards  to  the  north  of  the  rightrof-way  and  their  outcrop  on  the  hill 
is  perhaps  100  feet  above  it.  This  favourable  situation  led  to  some 
exploratory  work  being  done  later  in  the  season  that  resulted,  I  am 
infwmed,  in  shewing  up  a  band  of  much  cleaner  ore.  These  deposits 
form  part  of  the  Atikokan  iron-bearing  belt  and  do  not  difi^  geneti- 
cally from  the  others  that  have  been  described  in  earlier  reports. 

The  primary  object  of  the  season's  work  was  to  trace  with  greater  Ar««  wverad. 
accuracy  the  Sturgeon  lake  gold-bearing  belt  and  to  work  out,  as  well 
as  possible,  tbe  geolc^  of  an  area  of  3,456  square  miles  lying  to  the 
south  and  east  of  the  eastern  half  of  Lac  Seiil.  A  micrometer  survey 
of  SturgeoQ  lake  made  during  the  previous  summer  by  James  Robertson, 
F.L.S.,  for  tbe  Ontario  Crown  Lands  Department,  was  of  great  assist- 
ance and  rendered  a  further  topographical  survey  of  that  lake  unnecess- 
ary. In  other  parts  of  the  area,  boat-log  and  track  surveys  were  carried 
on  concurrently  with  the  geological  examination.  Fttarting  from 
Diuorwic  station  the  part  of  Minnitoki  lake  not  already  examined 
and  of  which  no  detailed  map  was  available  was  first  gone  over. 
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traced  oontinnouslj  from  Whitefish  bay  un  Lake  of  the  Woods  to  the 
Albftu;  river,  having  gold-bearing  Teins  at  iatervMs  for  the  whole 
distanoe.  About  the  lake,  typical  Hnronian  (Keewatin)  rocks  every- 
where occur,  the  greater  proportion  consisting  of  basic  eruptives  and 
their  derived  schbts,  with  a  considerable  development  of  more  a^d 
emptives  of  quartz-porphyry  types  and  of  altered  sedimentaries. 
Work  woa  being  done  on  two  of  the  namerous  gold  locations  on  the 
lake,  viz.,  on  Twin  lakes,  near  the  inflow  of  English  river  and  at 
Grassy  Narrows, 

CoD^ome»ts       Continuing  through  Abram  chute  to  Abram  take,  the  belt  is  crossed 

]^e.  nearly  at  right  angles  to  its  general  trend,  and  a  good  section  of  the 

rocks  is  afforded.  At  Abram  take,  an  interesting  conglomerate,  noted 
by  Dr.  Bell  in  1871,  is  strongly  developed,  outcropping  in  a  striking 
way  to  form  a  chain  of  islands  that,  with  projecting  points  on  either 
shore,  nearly  out  the  lake  in  two.  This  conglomerate  ia  made  np  of 
pebbles,  from  quite  small  to  two  feet  or  more  in  diameter,  enclosed  in 
a  felspathic  green  schist  matrix,  the  pebbles  being  well-rounded  and 
water-worn,  like  beach  pebbles.  They  include  granite  and  granite- 
gneiss  (in  greatest  proportion),  fine  banded  gneiss,  schist,  flinty  quartz- 
ite,  diorite,  and  white  vein-quartz. 

Conglomenite  The  strike  of  these  outcrops  is  N.  60°  K,  and  they  may  l>e  traced 
on  this  coarse  to  Little  Vermilion  lake  to  the  west,  where  both  con- 
glomerates and  associated  qnartrntee  are  well  exposed,  and  up  the 
Stnrgeon  nver  to  the  east.  Continuing  towards  Lac  Seal,  the  northern 
edge  of  the  Horonian  belt  is  reached  at  the  northern  side  of  Pelican 
lake,  and  from  this  point  northward,  biotite  gronite-gneiaseB  are  con- 
tinuous, striking  N.  60°  E.  with  minor,  local  variations.  At  Abram 
lake  a  number  of  locations  for  gold  have  been  taken  up,  but  little  work 
has  yet  been  done. 

English  TiTer.  The  descent  of  the  English  river  between  Minnitaki  Lake  and  Lac 
Seul,  estimated  by  barometric  readings,  ia  in  the  vicinity  of  twenty- 
five  feet,  the  main  drop  occurring  at  the  lower  end  of  Pelican  lake, 
where,  by  a  fall  and  rapid,  the  river  descends  about  eighteen  feet.     A 

n^di!'^  small  rapid  at  the  entrance  to  Abram  lake,  one  at  the  outflow  and 
another  below  the  forks,  are  the  only  other  breaks  in  the  continuous 
smooth  navigation  to  Lac  Senl. 

Fork  of  At  nineteen  miles  above  the  lake,  the  river  divides  into  two  channels, 

'  emptying  into  the  lake  at  points  fifteen  miles  apart  and  forming  an 
island  about  100  square  miles  in  area.  The  shores  of  Lac  Seul  were 
followed  in  a  westerly  direction  only  as  far  as  the  Hudson's  Bay  Post, 
biotito  gneisses  occurring  all  along  with  a  uniform  trend  about  N.  60* 
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K    Jllui;  of  the  isl&iids  and  the  north  shore  of  the  Iftke  Are  drift- 

corered,  the  drift  conaiating  of  clay  with  overlyiog  stratified  sands 

ccnUioiog  boulders  and  pebbles  of  gneiss,  of  various  types  of  Huroaiaa 

nx^  tod  of  limestone,  dolomite  and  fiint  holding  foBsils  of  Devonisii 

Kge  that  probably  indicate  a  glacial  origin  from  the  Devonian  areu 

MM  James  bay.     The  shores  of  Lac  Seul  were  examined  to  its  bead  at  l«c  Setil  drift 

the  EsUb  on  the  Watap  or  Root  river.     The  same  biotite  gneisses 

oconr  aU  along.    They  are  in  many  places  gametlferous,  the  crystals  of 

ganiet  in  some  of  the  coarser  pegmatitic  beds  reaching  a  bir  size— a 

qouter  of  an  inch  in  diameter.     Only  at  one  point,  on  the  sonth  shore 

above  Vermilion  river,  is  there  any  marked  change  from  the  prevailing 

LanreDtian  type  of  rock.     Here,  though  still  gneisses,  the  finer,  black 

btnda  increase  in  volume  and  show  many  of  the  features  characterizing 

u  approaob  to  the  schists  of  the  Huronian.     Though  no  rocks  nnmis-  HuTonian. 

takeably  Hnronian  were  seen,  there  is  good  reason  to  infer  their 

prMSDce  at  no  great  distance. 

The  drift  area  already  referred  to  extends  easterly  for  some  distaaoe 
along  the  north  shore,  shewing  at  a  number  of  places,  well-marked  ter- 
races riaiag  about  thirty  feet  above  the  lake  level.  No  veins  carrj^ng  Temon. 
nln&ble  minerab  in  any  quantity  were  seen  about  the  lake.  The 
principal  feeders  flowing  into  this  half  of  the  lake  are  the  Watap  at 
the  bead  of  the  lake,  the  Vermilion  from  the  south-east,  and  the 
W^o^i,  a  large  river  entering  the  lake  from  the  north  above  the 
eastern  narrows  and  draining  a  number  of  lakee  of  good  size. 

Betuming  towards  the  railway,  Vermilion  lake  and  Little  Vermil-  Vennilion 
ion  lake  were  examined.  The  HuroniaD  band  of  Minnitaki  extends  ^' 
westerly  beyond  these  lakes,  petering  out  however  before  reaching  the 
SngM  river  again.  This  we<)terly  extension  of  the  belt  has  been 
prospected  for  only  a  short  distance  west  of  Vermilion  lake,  owing 
Ivgelj  to  the  fact  that  a  considerable  thickness  of  drift  is  reported  to 
ovBiiis  the  greater  part  of  it. 

Vermilion  take  is  a  large  body  of  clear  water  about  9  miles  long  by 
a  mile  and  a-half  wide,  and  varying  in  depth  from  ninety  to  a  hundred 
ud  twenty  feet.  Besides  the  common  fish  of  the  district  it  abounds 
in  nuekioong^  (^  good  size.  Typical  Hnronian  rocks  occur  alt  about 
^  lake^  including  a  considerable  thickness  of  quartz  porphyry. 
At  the  eastern  end  of  the  lake  a  deposit  of  fine  granalar  iron  pyrites  inn  i^taa 
^  connderable  size  outcrops  at  the  shore.  Its  exact  extent  could  not 
be  dettrmined,  owing  to  the  covering  of  drift,  but  a  width  of  over  tea 
feet  vae  seen  at  the  outcrop.  A  deposit  of  red  oxide  derived  from 
^01,  colours  the  beach  pebbles  for  some  distaaoe  and  gives  the  lake  ite 
OWM  of  Wunnummini  (Vermilion)  lake. 
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Con^lmierftte      On  Little  Vermilion  lake  the  Buhist-conglomerate  of  Abram  lake 

Vermilion        "  »gai'»  »en  evidently  fonning  a  peraisteat  band  between  the  two 

'^^  aod  associated  with  thick  beds  of  quartzite  similar  to  that  of  Sturgeon 

lake   and  the  Matawin  river.     Three  portftgee,  aggregating  a  little 

over  a  mile  and  a-half  in  length  lead,  by  way  of  two  small  lakes,  to  the 

Bontb-westem  arm  of  Minnitaki  lake. 

BtuTKeon  After  laying  in  a  further  supply  of  provisions  at  Sandy  lake,  Stur- 

"'"■  geon  river  was  ascended  to  the  iake.     From  its   outlet  into  Abram 

lake,  the  river  is  a  suocession  of  lake-like  expansions,  as  far  as  the  first 
fall  and  portage,  a  distance  of  tea  miles.  For  this  distance  it  follows 
the  Huronian  belt,  the  southern  edge  of  the  gneiss  lying  from  half 
to  three-quarters  of  a  mite  to  the  north  all  along  and  cutting  some  of 
the  northerly  expansions,  the  )mmediat«  contact  being  in  low  l&nd 
without  ontoropa.  About  a  mile  below  this  first  portage,  development 
woik  has  been  commenced  on  a  vein,  four  to  five  feet  wide  where 
exposed  at  the  shore,  in  a  mineralized  quartz^sohist  band,  a  fissured 
and  crushed  form  of  the  banded  quartzose  felsite.  A  sb^t,  sunk  on 
this  band  close  to  the  vein,  was  filled  with  water.  The  dump  showed 
principally  schist  with  irregular  lenses  of  bluish  quarts  impregnated 
with  iron  and  copper-pyrites.  This  vein  is  claimed  to  carry  good  gold 
values. 
Doft  river.  Just  above  the  portage,  a  large  tributary  oomes  in  on  the  right  bank 

carrying  perhaps  a  third  of  the  water  of  the  river.     This  branch  of  Utn 
river  is  known  to  the  Indians  as  Dog  river  (Annim-o^bi),  For  the  first 
nine  miles  from  its  mouth,  the  river  lies  in  the  granite-gneisses  when 
it  crosses  an  arm  of  Huronian  felsites,  diorites  and  schists  which  is  pro- 
bably a  continuation  of  that  crossingtheSlnrgeon  river  at  the  portage. 
Portagw.         Above  this  bond  the  gneisses  again  come  in.  There  are  in  all  fourteen 
portages  on  the  Sturgeon  river,  aggregating  about  two  miles  in  length 
and  showing  a  rise  between  Abram  and  Sturgeon  lakes  of  about  160 
SDrvey  of        feet.  On  Sturgeon  lake,  the  survey  made  by  James  Bobertson,  P.L.S.,  in 
StviTKBon      B.  jgoQ^  ^(^  used,  and  attention  was  given  only  to  the   geology   and  to 
surveying  tributary  lakes  and  streams.     The  outlines  of  the  gold-bear- 
ing Huronian  were  found  to  be   irregular   in   the  extreme  and  could 
only  be  fixed  by  traversing  all  the  smaller  lakes  and  streams  la  the 
neighbourhood. 

Froapectinfr         Much  prospecting  work  was  done  during  the  summer  and  many 
-  gold  claims  weie  located.     On  only  about  half  a  dozen  of  these  had 

any  development  been  done.  On  one  location,  owned  by  a  St. 
Catharines  syndicate,  with  the  precipitancy  so  characteristic  of  the 
earlier  years  in  the  district,  a  five-stamp  mill  was  ereoted  and  worked 
during  part  of  the  summer  with  good  results  in  the  amount  of  gold 
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exbwted.    Development  was  not,   however,  sufficiently  forward  and  Stii^eoD  lake 
it  wtt  wisely  resolved  hy  the  present  manager,  Ur.  Smaile,  to  close 
dowD  the  mill  and  give  all  attention  during  the  winter  to  sinking  a 
shaft  ukd  further  proving  the  property. 

On  the  location  lying  to  the  east  of  that  on  which  the  mill  is  p'^'^. 
sitiiU«d,  a  vein  has  been  partly  uncovered  ia  the  schista.  It  has 
been  tnoed  at  intervals  by  large  bunchy  outcrops  of  quartz  for  a 
coDsidertUe  distance,  in  a  direction  about  15°  B.  of  N.  Ooe  of  these 
bonchee  baa  proved  phenomenally  rich  in  nnggety  gold  at  the  surface. 
Owing  bo  disputed  ownership,  only  a  little  preliminary  stripping  has 
been  done. 

Another  property  on  which  exteituve  surface  development  has  been  St.  Aothoiiy 
done  ie  the  St.  Anthoay  BeeF,  lying  near  the  contact  between  the 
Laurentian  and  Hurouian,  a  little  south  of  the  Dawson  property, 
ftbore  reterred  to,  and  between  Sturgeon  and  Couture  lakes.  There  is 
here  so  arm  of  highly  altered  intrusive  granite  which,  though  not  as 
far  aa  seen,  connected  with  the  main  body  of  granite-gneiss,  is  proba- 
cy genetically  the  same.  Along  the  contact,  a  broad  zone  of  shattered 
rock,apward3of  200  feetwide,is  filled  with  secondary  quartz  in  the  form 
of  small  veins,  leases  and  stringers.  Whore  an  open  cut  has  been  ^j^""  "* 
nude  from  the  contact  westerly  into  the  crushed  zone  in  the  granite 
it  ii  teen  to  be  made  np  largely  of  quartz  with  the  included  mioerals, 
mii^-Uende,  galena,  chalcopyrite  and  pyrite  occurring  segregated  in 
quite  distinct  coarsely  crystalline  masses.  A  pay  streak  with  very 
^h  values  has  been  partially  traced  ont^  and  it  is  claimed  that  the 
'bole  mass  is  milling  ore.  In  the  schists,  the  vein  contents  are  more 
evenly  diatribated  and  less  ooareely  crystalline.  The  contact  between 
^  unea  schists  and  the  granite  mass  follows  a  very  irregular  course, 
"1^  the  vein,  with  a  general  strike  nearly  north,  breaks  away  into  the 
granite  to  the  north  and  into  the  schists  to  the  south,  where  the  can- 
(■rt  abruptly  changes  its  direction.  Sinking  is  being  prosecuted,  and 
"»  property  is  provided  with  engine  house,  power  drills,  4c.,  with  the 
HMegaary  buildings  for  the  accommodation  of  the  workmen  and  staff. 

Alittle  further  down  the  shore,  Mr.  Symmea  was  doing  development  !'«»'«»»•■ 
"ork  on  a  vein  that  seems  to  be  really  a  crushed  band  in  the  granite- 
EneigB  diogg  \~Q  i}jg  contact.  The  vein  is  generally  narrow  but  swells 
"'to  Urge  pockets  of  mineralized  quartz,  seven  or  eight  feet  wide, 
^^ntiferons-zinc  blende  and  galena,  with  pyrite  and  free  gold,  occur 
'■I  the  Teut,  the  narrow,  more  vein-like  portions  being  exceptionally  rich. 

™wee&  the  two  last  noted  localities  and  near  the  same  contact,  on  I«aation  694. 
'ocatioii  694  are  seen  veins  running  about  N.  and  S.  and  E.  and  W. 
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They  occur  in  &  somewhat  fekpoitbic  green  schist  itnd  have  the  lentic 
alar  character  so  common.  Safficient  work  bad  not  been  done  to  afibrd 
iaformatioa  as  to  their  extent.  They  show  risible  free  gold  and 
la  a07.  native  oopper  in  small  quantity.  At  location  207,  the  property  of  the 
Anglo-Canadian  Gold  Estates,  considerable  stripping  hod  been  done 
under  the  sapervisioD  of  Mr.  Girard  on  a  vein  running  N.  10°  El. 
throagh  green  schists,  near  their  contact  with  an  arm  of  highly  altered 
granite.  The  vein  ia  lenticular  in  character  and  varies  in  width  from 
seven  or  eight  feet  to  quite  a  narrow  streak,  and  is  in  places  rich  in 
visible  free  gold.  It  follows  partly  the  line  of  contact,  but  is  better 
defined  where  it  has  the  green  schista  on  both  walls.  Pyrite,  chaloo- 
pyrite  and   a  little  native  copper  also  occur  in  this  vein.     On   the 

Belnore  b»y.  opposite  side  of  the  Huronion  belt,  at  Belmore  bay,  a  number  of  pro- 
perties hare  been  taken  up  and  some  work  has  been  done  in  the  way 
of  stripping  and  showing  up  the  veins. 

With  the  object  of  tracing  further  the  Sturgeon  lake  gold-bearing 
belt,  a  northerly  route  was  followed  to  the  Albany  river.  Leaving  the 
northerly  arm  of  Sturgeon  lake  by  a  small  brook  entering  ten  milea 
north  of  the  outlet  and  ascending  the  brook  for  two  miles,  a  portage 

[Urate  to  of  two  miles  led  to  a  lake  about  a  mile  in  length.     From  the  bead  of 

Ikke.  this  lake  a  portage  of  thirty-five  chains  took  us  to  a  long  narrow 

lake  extending  north  for  over  four  milea,  from  which  the  large  lake 
known  to  the  Indians  as  Mnsipomigat  and  roughly  indicated  on 
existing  maps  under  the  name  Savan  lake,  was  reached  by  a  quarter 
of  a  mile  portage.  A  log-survey  of  the  lake  proved  that  there  was 
little  or  no  rei^emblance  between  the  real  lake  and  its  representation 
on  the  existing  maps.  We  found  it  to  be  a  little  over  twenty-three 
miles  in  length  in  a  direction  about  N.  20°  E.,  having  a  central 
portion  forming  the  main  lake  eleven  miles  long  by  five  milea  wide, 
with  a  number  of  bays  of  contiiderable  length  branching  from  it.    The 

Burooiui  Huronian  belt  of  Sturgeon  lake  was  found  to  be  continuous  almost  to 
the  foot  of  the  lake,  the  two  arms,  one  running  northerly  to  the  outlet 
and  the  other  north-easterly,  extending  into  the  granite-gneisses  on 
either  side  of  the  central  belt. 

Dewription  The  lake  is  characterised  by  many  shallow  bays  that  are  divided 
from  one  another  along  the  shore-line  by  long  and  irregular  rocky 
points,  and  at  their  heads,  by  areas  of  swamp.  The  central  part  of  the 
the  lake  shows  wide  expanses  of  deep  water,  while  the  narrower  parta 
and  the  bays  are  for  the  moat  part  exceedingly  shallow,  long  stretches 
having  only  a  few  inches  of  water  covering  a  bottom  of  slimy  mud. 
The  forest  growth  is  for  the  most  part  of  small  size  and  consists  princi- 
pally of  black  spruce,  poplar  and  white  birch,  with  ocsosional  red  and 
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white  pine.    This  is  the  highest  Utitade  (itbout  60*  36")  id  which  I 
hire  obserrad  the  white  pine  in  this  district. 

The  Hnronian  rocks  are  of  the  usual  kinds,  with  «  large  proportion 
of  mageire  igneous  types,  and  include  a  considerable  thickness  of 
schutB,  conglomeratee  and  quftrtsitea,  similar  to  those  that  occur  in 
Uie  same  belt  at  Sturgeon,  Abram  and  Vermilion  lakes.  A  drift-  ^^^*  buin. 
carered  area  <«-  buin  similar  to  thoee  occnrring  in  other  parts  of  the 
district,  occupies  part  of  the  shores  and  islands  of  the  central  part  of 
the  lake.  The  close  resemblance  of  this  drift  area  to  that  at  Lac  Seal 
makea  it  probable  that  they  are  similarly  derived.  That  at  Lac  Seal 
Hems  to  have  been  laid  down  at  the  foot  of  a  glacial  barrier  which  cut 
off  the  drainage  to  the  north,  and  so  formed  a  loke-baain  between  it 
ind  the  higher  land  to  the  south.  Pebbles  in  this  drift  oonuun  fossils  ''!f*°?.°'  , . 
th»t  seem  to  be  <^  Devonian  age  and  are  probably  derived  from  strata 
of  that  age,  occurring  to  the  north  near  Hudson's  bay.  The  denv- 
B^on  of  the  drift  about  this  lake  is  the  more  interesting  as  oolonrs  of 
gold  have  been  obtained  from  it.  A  number  of  pits  near  the  shore  of 
DUO  of  the  islands  showed  the  work  of  the  alluvial  prospector  daring 
the  gammer.  I  could  not  learn  authoritatively  that  more  than  a  few 
colours  had  been  obtained. 

Uad;  smaller  lakes  were  visited  and  surveyed  during  the  summer, 
iocluding  a  chain  lyiog  between  the  western  end  of  Sturgeon  take  and 
StnrgMU  river.     Of  these  the  latest  is  known  to  the  Indians  as  Straight  rout* 
Kuhspwaweigamok  (Straight  route  lake),  as  it  affords  a  short  and       ^ 
euy  ronte  from  Stni^^n  river  to  English  river  and  the  railway.    The 
1^  lies  within  the  granite-gneiss,  only  its  extreme  south-western 
hiy  reaching  down  into  the   Haronian,    where    it    approaches    the 
northern  end  of  Jarvis  lake  on  English  river.     This  Sturgeon  lake  Pnwpectinc 
■res  was  visited  by  a  great  number  of  proepeotors  during  the  summer, 
NDU!  of  whom  extended  their  field  north  to  some  distance  down  the 
Albany  river,  following  the  same  belt  of  rocks. 

A  well  marked  iron-bearing  belt  was  noted  to  the  north  of  Sturgeon  Iron  belt. 
lake,  extending  from  the  lake  to  the  south  of  Musipomigut  for  some 
distance  op  that  lake.     No  deposit  of  commercially  valuable  iron  ore 
was  weu,  the  outcrops  being  confined  to  very  narrow  bands  of  magne- 
tite in  the  achiat  or  very  fine  gneiss. 

Active  work  is  being  continued  during  the  winter  at  the  Shore  Mining  in 
property  on  King  bay,  at  the  Sturgeon  Lake  Mining  Company's  and  P™='®"" 
at  SL  Anthony's  Beef,  as  well  as,  probably,  on  a  few  others. 
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Thk  Couhtbt  Wbst  of  Nipioow  Lake  and  Riter. 

Dr.  Alfred  W.  G.  WiU<m. 

In  naming  lakes  or  rivers  in  this  report,  as  f&r  as  poesible,  &n  English 
translation  of  the  name  by  which  the  water-body  is  known  to  the 
Nomenclftture  Indian?  has  been  used.     At  present  there  is  muoh  confusion  in  regard 
\t3aa_  to  tJie  names  of  many  of  them,  because  difierent  surveying  or  proa- 

pectinjt  parties  have  given  different  names  to  the  same  body  of  water, 
without  any  regard  to  those  used  by  the  natives  of  the  district  For 
example,  on  the  field-map  received  from  the  Geological  Survey  office  at 
Ottawa,  there  is  a  small  sheet  of  water  just  east  of  Black  Sturgeon  lake, 
named  Pike  lake.  Oa  the  map  published  by  the  Ontario  Govorment  this 
summer,  the  same  take  is  called  McRee  lake.  To  the  Indians,  the 
lake  is  known  as  Kawawata  or  Northern  Light  lake,  and  the  latter 
name  is  used  in  the  present  report.  Again,  the  lake  just  east  of  this 
is  Fraser  lake  of  the  Ontario  map,  Kahwafazehbemegog  of  the  field 
map  and  the  natives,  and  the  Indian  name  is  here  translated  Pleasure 
lake ;  I^ke  Eliiabeth  of  the  field  map  is  called  Susie  take  on  the 
Ontario  map,  and  as  the  Indians  have  no  name  for  this  lake,  priority 
holds  and  the  lake  is  referred  to  as  Lake  Elizabeth  in  this  report. 
Woik  by  Dr.  On  receiving  a  tetter  from  the  acting  Director  of  the  Geological 
Survey,  dated  June  17,  1901,  intimating  that  I  had  been  appointed 
to  make  a  geological  survey  in  the  district  south  and  west  of  Lake 
Nipigoo,  I  r^>orted  to  the  Department  personally  in  Ottawa  on  June 
21st.  Leaving  Ottawa  on  Jnne  26,  I  joined  Dr.  W.  A.  Parks  in 
Toronta  Together  we  proceeded  to  Fort  Arthur,  reaching  that  place 
on  July  1,  our  st«amer  having  been  delayed  l>y  a  storm  on  Lake 
Superior.  After  procuring  the  bulk  of  our  supplies  for  three  months, 
and  engaging  two  nauoemen  in  Port  Arthur,  we  went  to  Nipigon 
station  on  the  Canadian  Pacific  railway,  where  our  canoes  and  camping 
Auiitant.  outfits  already  awaited  us.  At  Nipigon,  Mr.  Thomas  M.  Fyshe  of 
Montreal,  who  was  to  act  as  my  assistant  during  the  summer,  reported 
to  me. 
Futieii  Moving  into  camp  at  the  foot  of  Lake  Helen  on  July  3,  we  com- 

Li^e^DuiM.  minced  our  ascent  of  the  river  the  next  day.  On  July  6  and  6  we 
were  somewhat  delayed  by  rains,  but  reached  Lake  Emma  on  July  8 
where  I  parted  from  Dr.  Parks,  he  proceeding  up  the  river  while  I 
turned  to  the  west  through  Lake  Hannah.    After  making  a  traok- 
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tamj  of  SoaUi  bay  from  Lake  Hannah  and  examining  the  rocka  in 
that  vicinity,  we  cruased  the  Flat  Rock  portage  to  Lake  Nipigon.  Three 
(Uys  were  apent  aiirveying  some  small  streams  which  enter  South  bay 
bom  the  soath,  and  in  studying  the  geology  aronnd  the  bay.  On  July 
12  we  started  for  Chiefs  bay  on  the  southwest  aide  of  Lake  Nipigon, 
noUDg  the  geology  of  the  peninsulas  lying  oo  either  side  of  Mclntyrei 
Onnd,  and  Black  Sturgeon  bays.  While  in  the  ricinity  of  the  Indian 
Misnoa  on  Mclntyre  bay,  onr  Indian  canoeman  deserted,  causing  hov- 
eier  a  delay  of  only  a  few  hours,  aa  we  were  fortunate  enough  to 
Kcare  the  services  of  a  much  more  efficient  c&noeman  at  the  Miasion. 

On  July  16  we  reached  the  month  of  the  Posbkokagan  river  and  Paahkokagan 
commeaced  a  track-surrey  of  that  stream,  beginning  at  the  head  of 
tba  first  rapids.  On  July  18,  having  reached  a  point  about  two  miles 
sbore  ttie  foot  of  the  long  rapids,  and  about  eight  miles  from  Chiefa 
bay,  I  left  Mr.  Fyshe  in  camp  and  proceeded  with  the  Indian  to  the 
punt  w«re  the  Canadian  Pacific  exploration  line  crosses  the  river  near 
Poshkoksg&n  lake.  Returning  a  short  distance,  we  proceeded  up 
Ume  creek,  a  tributary  of  the  Foshkokagan  from  the  south,  for  a  dia- 
tsuce  of  about  six  miles  and  then  across  country  due  east  to  the  head- 
vaten  of  Birch  creek,  another  tributary  of  the  Foehkokagan.  Dea- 
oeitdiDg  Birch  creek  we  reached  onr  camp  on  July  20.  Returning  to  Short  aurvcra 
Chiefs  bay,  a  survey  was  made  of  several  small  brooks  which  enter 
U>»t  bay  from  the  north.  On  July  25  we  crossed  to  the  Kabitotiqnia 
■ad descended  that  river  to  Gull' bay,  studying  the  geology  en  route. 
On  Gull  bay,  a  survey  was  made  of  a  small  lake  and  brook  lying  to 
the  ioath  of  the  east  arm  of  the  bay.  From  here  we  proceeded  to 
Nipigon  House  to  procure  further  supplies  and  to  secure  another 
cuioeinaii,  as  the  roan  then  with  up  declared  himself  unable  to  work 
longeron  account  of  injuries  receivedsome  tirae  before  while  portaging 
»  heavy  canoe. 

Leaving  Nipigon  House  on  July  29  we  proceeded  to  West  bay  to 
eumine  the  geology  in  that  vicinity,  and  thence  down  the  west  shore 
of  the  lake  towards  Black  Sturgeon  bay,  making  a  survey  of  Flat 
Bo(^  Point  bay  and  studying  the  geology  at  several  points  en  route. 
After  spending  a  couple  of  days  in  the  country  immediately  to  the  Eitlaved  >t 
ewt  of  Black  Sturgeon  bay,  we  crossed  the  portage  to  Black  Sturgeon  gturgeonlaka. 
Iske.  On  reaching  this  lake  the  canoeman  from  Nipigon  House  became 
lick  and  practically  useless.  He  was  permitted  to  leave  with  a  pro- 
■pector  and  two  Indians,  a  message  being  forwarded  to  the  manager 
<i  the  Hudson's  Bay  Company's  store  at  Nipigon  station  asking  that 
Hxitlier  man  be  sent..  The  company's  agent  kindly  secured  a  man  to 
fame  fnm  that  post  to  our  camp  on  Black  Sturgeon  lake,  and  he 


ib.  Google 


98  A  aEOLOaiOAL  bitrtkt  departhiht 

joined  us  ten  d&ys  l&t«r.  The  iuterTal  waa  spent  hy  Mr.  Fjshe  and 
myself  in  studying  the  geolof^y  and  topography  of  the  country  around 
Black  Sturgeon  lake,  more  particularly  in  attempting  to  work  out  the 
relations  of  the  Laurentian  and  neirer  rocks  immediately  to  the  east 
of  the  lake,  a  number  of  traversee  being  made  across  the  Laurentian 
belt. 

On  August  15  we  were  joined  by  the  canoeman  sent  by  the  Hudson's 
'  Bay  Company  from  ff ipigon,  and  immediately  proceeded  to  the  portage 
leading  to  the  head-waters  of  a  small  river  which  enters  Black  Sturgeon 
lake  about  the  middle  of  the  west  side.  On  August  24  we  returned 
to  the  lake,  having  reached  a  point  beyond  the  western  boundary  of 
the  map-sheet  and  having  mapped  seventeen  small  lakes  (and  connect- 
ing streams)  on  this  system,  the  largest  of  which.  Circle  lake,  is  about 
three  square  mites  in  area. 

Descending  the  Black  Sturgeon  river,  we  reached  Konwatin  lake  on 
August  26,  and  on  the  27th  started  to  ascend  the  Nonwatin  river,  a 
swift  and  shallow  stream  with  many  rapids,  making  a  track -survey  of 
it  as  we  went  along.  Being  delayed  somewhat  by  rains,  we  did  not 
reach  Small  Trout  lake,  near  the  southern  boundary  of  the  sheet,  until 
August  31.  From  this  lake,  trips  were  made  to  the  south-west, 
ascending  the  Upper  Nonwatin  to  beyond  the  boundary  of  the  sheet 
and  to  the  north-west  as  far  as  Small  Trout  lake  on  the  Spruce  river. 
From  the  south  end  of  Small  Trout  lake  we  made  a  section  directly 
east  to  the  Black  Sturgeon  river,  surveying  Sucker  lake  near  the  head 
of  Sucker  creek  en  roiUe.  Beturniug  to  Nonwatin  lake  on  September 
9,  a  day  and  a  half  was  spent  in  examining  the  country  to  the  east 
of  the  lake.  On  September  12  we  started  towards  the  Nipigon 
river  over  a  portage  route  leading  from  the  foot  of  Nonwatinose  lake 
to  Northern  Light  lake  and  thence  through  Pleasure  lake,  Lake  Eliza- 
beth and  a  few  smaller  lakes  to  Xiake  Maria  on  the  Nipigon  river. 
Surveys  were  made  of  a  few  small  lakes,  and  the  northern  boundary  of 
the  Laurentian  area,  which  lies  between  Nipigon  and  Black  Sturgeon 
rivers,  waa  mapped. 

On  reaching  Nipigon  station  on  September  31,  I  paid  ofT  the  canoe- 
*'  men  and  Mr.  Fyshe,  the  latter  returning  home  on  account  of  an  injury 
to  his  knee.  After  spending  two  days  in  refitting  and  in  engaging 
four  canoemen,  on  September  26  I  left  Nipigon  by  rail  for  Spruce- 
wood  siding,  near  the  Black  Sturgeon  river.  Commencing  at  the 
Canadian  Pacific  railway  crossing,  we  made  a  micrometer  survey  of 
the  Blaek  Sturgeon  river  aa  far  as  Nonwatin  lake,  reaching  the  latter 
point  on   October  3,    having  been  materially   delayed  by  snow  and 
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sleet  storms.     From  I^onwatin  lake  we  prooeeded  to  Black  Sturgeon  Meorometer 

Uke  and  oommenced  a  micrometer  survey  ol  the  Spruce  river  (upper  ^^^  rivet. 

Black  Stoi^eon),  carrying  the  line  to  about  three  milee  above  Muakrab 

Uke,  on  the  north  branch  of  this  stream.     Above  this  point  the  river 

is  very  narrow,  and  a  long  portage  leads  to  a  small  lake  at  the  head- 

*stetB  of  this  branch,  but  on  account  of  the  latcmesa  of  the  season  I 

did  not  think  it  advisable  to  aaceod  further.     Returning  to  a  p<nnt 

■boat  three  milee  from  Black  Stargeon  lake,  we  portaged  across  to 

Small  Sturgeon  lake,  on  the  south  branch  of  the  Spruoe,  and  deeoended 

tbis  river,  which  is  ohiefly  a  sucoeasion  <d  rapids,  to  Black  Sturgeon 

Itke. 

After  spending  a  day  and  a-half  in  visiting  Tchiatangs  bluff  on  the 

eist  side  of  Black  Stni^eon  bay.  Lake  Nipigon,  to  study  the  relations 

of  the  rooks  in  that  vicinity,  and  a  portion  of  the  day  in  visiting   the 

belt  of  iroa-bearing  strata  near  the  south-east  comer  of  the  lake, 

»e  ascended  the  Spmce  river  to  Small  Stnreeon  lake  and  commenced  ^'^  run  frran 

'  .         i_     !•       Spruoe  nver 

s  Ducrometer  survey  of  the  upper  part  of  the  nver,  carrying  the  line  to  Dog  l&ke. 

Dp  to  and  across  the  heigbt-of-land  and  coming  out  on  the  stream 

which  enters  East  bay  of  Dog  lake  from  the  northeast.     The  lateness 

of  the  season  and  a  shortness  of  supplies  rendered  it  inadvisable  to 

attempt  to  reach  Eaglehead  lake  and  several  other  small  lakes  on  the 

Eaglehead  river,  a  small  stream  which   enters  Spruce  river  at  a  point 

aboQt   eight    miles    from    Small   Sturgeon   lake.     I  determined    to 

deseeod  the  Kaministiqnia  from  Dog  lake  and  reached  Kaministiquia 

itation  on  the  Canadian  FaciBo  railway  on  October  30.     Returning  to 

Port  Arthur  next  evening,  a  day  was  spent  there  in  settling  accounts, 

and  two  days  at  Nipigon  station  in  paying  off  the  men  and  in  packing 

np  the  outfit  for  the  season. 

Oeology  of  the  Area. 

The  rocks  c&  the  country  traversed  during  the  season  belong  to  the  Geology. 
lAnrenlJaii,  Haronian  and  Ckmbrian,  the  last  mentioned  being  repre- 
Kiited  by  the  Animikie  formation. 

Ijavrentian. — B^inning  south  of  the  southern  boundary  of  the  area.  Area  of 
Mtending  northward  as  far  as  Lake  Maria,  and  reappearing  from  be-  roc^L" 
aaatii  the  traps  of  the  Animikie  formation  at  several  points  (noted  by 
Dr.  Porks)  above  this  in  the  valley  <A  the  Nipigon  river,  is  a  belt  of 
I^arentdan  rocks,  chiefly  gneiss.  The  northern  boundary  of  this  belt 
cnrvea  south  in  the  vicinity  of  Lake  Maria,  along  whose  western  shore 
the  gneiss  occurs  in  a  narrow  belt.  From  the  foot  of  Lake  Maria  it 
nuu  west  and  then  northward  to  the  foot  of  Lake  Elizabeth.     From 

I* 
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here  the  boundary  rana  a  little  south  of  weat,  Ijing  but  a  few  chaine 
north  of  the  outlet  stream  from  Pleasure  lake.  From  nearNonwatin- 
ose  lake  a  belt  of  Lnurentian,  varying  from  one  to  two  miles  in  width, 
runs  northward,  appearing  on  the  east  shore  of  Blook  Sturgeon  lake 
near  the  long  point,  outcropping  east  of  the  portage  from  Block  Stur- 
geon bay,  and  reappearing  from  beneath  the  traps  of  the  Animikie 
along  the  base  of  Tchiatangs  bluff,  which  forma  the  eastern  side  of  this 
bay.  Similar  rocks  outcrop  in  a  very  narrow  belt,  about  one  mile  in 
length,  along  the  southeast  side  of  Grand  bay,  and  are  also  seen  at 
Gneiss  island  in  the  passage  between  Grand  and  Black  Sturgeon  bays. 
The  western  boundary  of  the  main  area  of  Laurentian  is  approxi- 
mately marked  by  the  Block  Stui^eon  river  from  Nonwatin  lake  to 
beyond  the  southern  boundary  of  the  sheet.  The  rocks  consist  of 
alternate  belts  of  black  micaceous  schists  and  of  pink  to  gray  bom- 
blend  e-biotite  gneisses,  moderately  fine  grained  in  texture.  In  the 
vicinity  of  Nonwatin  lake  and  east  of  Black  Sturgeon  lake,  there  ia  an 
area  of  pink  to  gray  hornblende  granite  which  frequently  becomes  a 
granitoid  gneiss.  The  relationship  of  the  granite  and  older  gneisses 
is  very  complicated,  so  much  so  that  at  times  it  is  difficult  or  impos- 
sible to  determine  any  line  of  demarcation  between  the  two. 

To  the  southwest  of  the  sheet,  around  tiie  headwaters  of  the  Spruce 
river,  the  biotite-granite  gneisses,  so  well  developed  in  the  area  of  the 
Shebandowan  sheet,  were  found  uncovered  around  the  shores  of  a  small 
lake  to  the  north  of  Ell  lake,  the  main  area  occurring  in  the  vicinity 
of  Ell  lake  and  from  thence  southward.  The  strike  of  the  foliation 
planes  of  the  gneisses  and  schists  in  the  region  preserves  a  uniform 
direction  of  about  fifty-five  degrees  east  of  north,  with  variations  reach- 
ing a  maximum  of  about  thirty  degrees  on  either  side  of  the  normal 

Buronian. — Within  the  boundaries  of  this  portion  of  the  sheet  there 
is  but  one  small  area  which  may  be  considered  to  belong  to  the  Hnro- 
nian.  Commencingnearthesouth-east  comer  of  Black  Sturgeon  lake  and 
extending  south-east  to  the  vicinity  of  Konwatinose  lake,  is  a  narrow 
belt  of  highly  ferruginous  quartzite  of  an  average  width,  so  far  as  coald 
be  determined,  of  about  four  btindred  yards.  On  the  north-east,  this 
quartzite  band,  whoae  beds  strike  N.  20°  E.  and  are  nearly  vertical,  is 
cut  oS  by  the  granitoid  gneiss  belt  referred  to  above,  while  on  the  south- 
west it  is  overlaid  by  later  depoaite.  About  half  a  mile  east  of  Black 
Sturgeon  lake,  the  quartzites  are  interbanded  with  a  red  hematite, 
sometimes  quite  soft,  in  bands  rarely  over  a  foot  in  width.  The  outcrop 
at  this  point  is  small,  but  from  the  topographic  features  of  the  vicinity 
one  would  expect  that  a  much  larger  body  of  soft  ore  would  be  found 
in  the  valley  near  the  outcrops,  which  are  on  the  side  of  a  steep  incline. 
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Farbber  eaat,  other  small  expoenres  of  the  ore  occitr,  out   the  drift 

eorering  makes  it  impoaeible  to  determine  their  extent  and  value  with- 

ont  considerBble  strippiag.     I  understand  that  locatioaa  have  alreadjr 

been  taken  ..p  along  this  belt,  although  I  was  unable  to  find  any  cloim- 

■t4>kes  in  the  vicinity  of  Black  Sturgeon  lake.  Claims  have  been  staked  9^^  "^  ^' 

north  of  Nonwatin  and  east  of  14'onwatiiiose   lake.     No  development 

vork  of  any  kind  has  as  ;et  been  nndertaken,  and  the  value  of  the  belt 

has  Btill  to  be  proved.     The  ores  which  I  have  seen  vary  from   a  soft 

nnctuoiu  clay-like  mass  of  bright  red  hematit«  to  a  hard  ore,  in  which 

■K  frequently  found  small  patches  of  sparkling  blue-black  hematite. 

I  wsB  informed  that  specnlar  hematite  in  larger  masses  has  also  been 

EoDitd  in  this  vicinity. 

Animikie. — The  bed-rocks  of  the  greater  portion  of  the  area  belong  Are&  of 
to  Che  Animikie  formation.     These  rocks  are  of  several  types,  that  of     "'""   ^ 
greslcst  extent  in  the  region  I  examined,  being  a  deep  red  dolomite, 
fraquently  breociated.     It  sometimes  occurs  in  beds  about  1    foot  in 
thickness  and  then  it  is  asnally  fine-grained  and  compact ;  at  other 
times  it  is  quite  shaly  and  may  then  be  coarser  grained.     Frequently 
it  is  yellow-spotted,  owing  to  a  partial  reduction  of  the  iron  oxide,  and 
ooeamoually  small  crystals  of  gypsum  (selenito)  are  found.     This  dolo- 
mite is  well  exposed  along  the  Black  Sturgeon  river  below  the  lake  of 
the  sune  name,  and  along  the  Nonwatin  river  to  beyond  the  borders 
of  the  map-sheet.     Associated  with  these  dolomites  is  a  highly  ferrngi-  Anocimted 
Dona  dolomitic  sandstone,  beat  exposed  along  the  valley  of  the   Spruce  J^^^^ 
riTer.    This  sandstone  frequently  carries  lat^  inclasions  of  quartz  in 
sngnUr  masses.     Both  of  these  rocks  occur  io  beds,   which,  near  the 
Block  Sturgeon  river,  are  slightly  inclined  toward  the  south-west,  and 
which,  near  the  boundary  of  the  sheet  on  the  upper  Spruce  river,  have 
s  dip  of  five  d^rees  to  the  east.  Small  outlying  areas  of  the  dolomites  OutlTiag 
occur  on  the  east  shore  of  Black  Sturgeon  lake  about  two  miles  from  the  ^c^Ue. 
oatleC.and  also  on  the  west  and  south  shores  of  Northern  Light  lake. 
On  tixe  Upper  Spruce  river  near  the  southern  boundary  of  the   sheet 
the  red  dolomites  are  conformably  overlain  by   thirty -feet   of   a  fine- 
gniued  greenish  grey  bard-shale,  lacking  slaty  cleavage,  and  showing 
luny  fossil  mud-cracks  hat  no  organic   remains.     This  hard  shale   is 
capped  in  this  locality,  by  fifteen  feet  of  trap,  and  all  three  rocks  dip 
lo  the  east  at  an  angle  of  five  degrees. 

A  rock  of  very  wide  occurrence  within  thedistrict  is  a  fine-  to  coarse-  Luge  ueu 
gruned  extrusive,  which,  pending  a  microscopic  examination,  may  be  tnt^roc^'' 
called  trap.     The  trap  rock,  as  it  occurs  in  this  region,  is  probably 
chisfly  gabbro,  though  there  are  areas  in  which  it  shows  a  distinct 
^bsnc  Rtructore.     The  trap  fmquently  contains  enough  magnetite  to 
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BerSously  interfere  with  oompass  observatitHis.  The  traps  are  found  to 
oover  the  greater  portion  of  the  area  betveen  the  Nipigon  river  and 
the  Foebkokacan,  and  from  Qull  bay  to  the  southern  boundary  of  the 
sheet.  To  the  soubb  of  MclDtyra  bay,  the  trap  fonns  aaiWaioBt  con- 
tinuous sheet.  Westward  in  the  vioinity  of  the  Foabkokagaji,  Spruce, 
and  Koowatin  rivers,  it  occurs  in  ridges  and  more  rarely  in  isolated 
hills.  Along  the  west  side  of  the  Black  Sturgeon  river,  and  near  the 
upper  Ncotwatin  and  upper  Spruce  rivers,  the  trap,  in  a  sheet  varying 
in  thickness  from  fifteen  to  three  hundred  feet,  overlies  the  sedimentary 
beds,  apparently  conformably.  Tn  the  vicinity  of  Grand  bay  and 
Black  Sturgeon  lake  it  is  found  to  rest  upon  the  Laurentian. 

On  the  eant  side  of  the  passage  between  Black  Sturgeon  and  Chief 
baya  and  in  the  vicinity  of  Tchiatangs  point  on  Chiefs  bay  are  small 
exposures  of  a  compact  greenish  dolomite  in  beds,  varying  in  thickness 
from  one  to  six  inches  and  apparently  resting  conformably  npOD  the 
trap,  which  is  here  very  finngramed  at  the  contact.  On  the  east  side 
Deneaui  imp.  ^j  Tchiatangs  point,  about  two  miles  from  the  extremity,  similar  dolo- 
mites are  found,  apparently  overlain  oooformably  by  a  trap  sheet 
which  is  here  over  one  hundred  feet  in  thickness.  A  lithologically 
similar  dolomite  is  found  in  a  position  apparently  overlying  the  trap 
and  covering  about  six  square  miles  on  the  southweatsideof  Mclntyre 

Twosheetaof      In  the  front  of  the  bluff  along  the  south  side  of  Grand  bay  is  found 
'^  a  granophyric  dyke,  intrusive  in  the  lower  traps,  but  overlain  by  the 

traps  which  form  the  crest  of  the  bluff.  These  two  cases  of  trap  sheets 
of  considerable  thickness,  overlying  other  rocks  closely  associated  with 
trap,  suggest  that  there  are  at  least  two  trap  sheets  of  somewhat 
different  ages  in  the  region. 

Along  the  southern  part  of  Black  Sturgeon  bay  and  extending  south 
as  far  as  Black  Sturgeon  lake  is  a  very  narrow  belt  of  sediment&ry 
rock,  chiefly  sandstone.  The  lower  beds  at  the  south  end  of  the  belt 
are  conglomeritic  and  contain  a  few  fragments  of  the  schists  upon 
Sanditouae.  which  they  rest.  At  the  northern  end  of  the  belt  these  sandstones  are 
both  overlain  and  underlain  by  trap.  At  the  north  end,  where  they  are 
in  contact  with  the  trap,  these  bedsdipatanangleof  fifty-five  degrees  to 
the  westward  and  strike  N.  10°  E.  At  the  point  of  contact  with  the 
schists  the  dip  is  about  thirty-five  degrees  to  the  south-west.  In  o&e 
place  the  sandstones  in  contact  with  the  trap  were  found  to  stand  at 
an  angle  of  eighty  degrees  to  the  horizontal.  <Jn  the  eastern  side  of 
the  Laurentian  belt,  which  traverses  this  portion  of  the  area,  a  some- 
what similar  sandstone  occurs  in  positions  varying  from  nearly  hori- 
zontal to  a  dip  of  about  sixteen  degrees  to  the  south-west.     The  sand- 
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ibmea  oE  this  belt,  which  is  nearly  a  mile  in  width,  are  almost  free 
fnnn  iron  oxide,  are  generally  white,  and  are  probably  newer  than 
the  first  extrosions      Their  aggregate  area  approzimateB  eight  equare 

In  the  valley  of  the  Poshkokagaa  river,  beginning  at  a  point  about  IMoi 
dght  milee  from  Chiefs  bay  and  extending  to  within  abont  four  miles 
of  Poflhkokagan  lake,  are  a  number  of  exposures  of  almost  pure  white, 
oecuionalty  reddish  streaked  and  mottled,  dolomitic  limestone,  readily 
KCtiie  on  the  fresh  fractured  surface,  bat  becoming  hard  on  esposnre 
to  the  air.  The  width  of  this  belt  is  indeterminate  on  account  of  the 
ccrering  of  drift  and  forest,  but  from  the  topographic  features,  it  is 
cettsinly  &ve  miles  acrosa  and  frequently  somewhat  wider.  In  the 
npper  part  of  its  course  the  Poefakokagan  passes  through  a  gorge  about 
OH  htmcired  and  forty  feet  in  depth,  cut  chiefly  in  this  dolomite. 

Topogrt^hj/. 

From  a  physiographic  standpoint,  the  country  explored  may  be  Dineoted 
regsrded  as  a  partly  dissected  table-land,  llie  best  preserved  portion  ^  '  *° 
of  thia  table-land  is  found  in  the  region  south  and  west  of  Malntyre 
bsf,  where  the  flat-topped  upland  has  a  breadth  of  over  three  miles 
and  consists  largely  of  bare  rock  with  a  few  small  scattered  areas  of 
Racist  sands,  on  which  there  is  a  growth  of  stunted  jack-pine,  black 
■prnce  or  small  poplar.  In  the  west  and  south-west  portion  of  the 
sheet,  the  dissection  has  proceeded  much  further,  and  the  trap  occurs 
ia  ridges  and  isolated  masses  between  broadly  open  valleys.  The  trap 
Ci^tiie  older  sedimentary  rocks,  upon  which  it  was  extruded,  and  into 
which  it  has  probably  been  locally  intruded  in  the  form  of  laccoliths. 
Tbe  more  ancient  depressions,  now  more  or  less  blocked  by  glacial  debris, 
have  become  the  valleys  of  the  present  streams  and  lakes.  The  Black 
Stni^eon  river,  from  the  foot  of  the  lake  of  the  same  name  to  within 
sboDt  three  milea  of  the  Canadian  Pacific  Railway  crossing,  flows 
iloog  the  front  of  a  trap-capped  cuesta  formed  by  the  dolomites  and 
Buidstones  of  the  Animikie  formation.  On  the  east  rise  the  older 
Hnronian  and  Laurentian  hills,  occasionally  capped  by  traps  in  the 
Tiiniiity  of  Black  Sturgeon  and  Nonwatinose  lakes.  The  Nonwatin  charaotei  of 
uid  Spntce  rivers  and  their  tributaries  drain  the  cuesta  outwards  after  "•"*?■■ 
tiie  manner  of  insequent  streams.  These  streams  wander  to  and  fro  in 
tiroadly  open  valleys,  occasionally  cutting  into  bed-rock,  but  more 
freqaently  cascading  over  glacial  boulders  or  meandering  through 
gUdal  and  alluvial  sands.  At  the  edge  of  the  upland,  the  Spruce 
river  descends  nearly  400  feet  in  a  long  series  of  rapids  over  trap  rock 
nntM,  to  tbe  level  of  Black  Sturgeon  lake.     The  ^Nonwatin  river,  on 
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the  other  hand,  descends  from  the  upland  over  red  dolomites.  Both 
rivers,  it  will  be  not«d,  flow  northward  for  the  greater  part  of  their 
courses,  turning  almost  abruptly  eastward  when  about  four  miles  from 
the  cuesta  front. 

GIxubI  The  valleys  of  the  three  principal  rivers,  the  Black  Sturgeon  (and 

^"^  '  its   tribntarise  the  Nonwatin  and   Spruce),   the   Foehkokagan  and 

Kabitotiqnia,  are  more  or  lees  filled  with  deposits  of  giMial  origin, 
eithw  sands  and  gravels  occurring  occasionally  as  eskers  or  kame-like 
monads,  but  more  frequently  as  sAnd  plains  or  extensive  boulder 
pluns.  These  latter,  particularly  in  the  valley  of  the  Foshkokagan, 
cover  an  area  more  than  100  square  miles  in  extent^  forming  a  typical 
felsenmeer.  Sometimes  the  boulders  are  found  without  a  covering  of 
any  kind,  bat  in  the  present  case  this  oocun  only  in  small  arena. 
More  frequently  they  are  oorered  with  moss  and  a  dense  growth  of 
underbrush  and  spruce. 

Eeonojnic.  Jtesoureea. 

Fumluids.  There  are  a  few  small  (.raete,  particularly  in  the. valleys  of  the 
Konwatin  and  Kabitotiquia,  which  are  sufficiently  free  from  stones  and 
boulders  to  be  considered  fit  for  agricultural  purposes.  The  areas  are, 
however,  small,  scattered  and  difficult  of  access,  and  the  region,  as  a 
whole,  must  be  regarded  as  totally  unfit  for  settlement. 

Iron  ore.  From  an  economic  standpoint  the  country  will  prove  to  be  valuable 

only  for  its  timber  and  for  the  iron  ores  in  the  district  near  the  Black 
Sturgeon  lake  and  river.  The  uplands,  for  the  most  part,  are  bare  or 
covered  with  jack-pine  and  spruce,  or  small  birch  and  poplar,  generally 
not  large  enough  to  be  of  any  value.  Tbe  valleys  along  the  river  are 
densely  wooded,  chiefly  with  spruce.  In  a  number  of  areas,  particu- 
larly on  the  higher  ground  and  on  glacial  sand  and  gravel  platnn,  we 

Timber.  find  poplar  and  birch  and  a  few  areas  of  jack'pine.     In  a  narrow  belt, 

rarely  over  a  mile  in  width,  along  the  valleys  of  the  Foshkokagan  aod 
Spruce  riverv,  there  are  many  very  large  white  spruoe  trees.  One  of 
these,  which  I  measured  on  the  Foshkokagan,  was  eight  feet  in  circum- 
ference three  feet  above  the  ground.  There  are  small  areas  of  red  pine 
along  the  east  shore  of  Black  Sturgeon  lake,  and  a  few  scattered  white 
pines  in  tbe  vicinity  of  the  same  sheet  of  water  and  tbe  streams  entering 
it  from  the  west.  Both  the  red  and  white  pine  trees  are  too  few  in 
number  to  be  worth  cutting  except  in  connection  with  the  other  timber. 

Burnt  arsM.  ^^  ^^  valley  of  the  Foshkokagan,  a  belt  of  timber  about  a  mile  in 
width  and  about  ten  miles  in  length  was  burned  over  last  year,  all  the 
trees  being  killed.     During  the  present  summer  there  was  a  large  fire 
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in  the  region  west  of  tbe  Spruce  river.  The  extent  of  the  burned  area 
ccnld  not  be  ascertained.  Id  aJl  about  one-half  of  the  region  is  covered 
with  timber,  which  will  be  of  value  for  pulp-wood,  or  for  ties  and  piles. 

At  preseut  the  district  is  the  hunting  ground  of  the  Indians  from 
(he  settJemenb  on  Mclntyre  bay.     Large  game  (moose,  cariboo  and  Ga-me. 
black  bear)  seem  to  be  abundant.     During  the  summer,  members  of 
oar  fvty  saw,  besides  the  above  animals,  otter,  fisher,  mink,  beaver, 
mnskrats  and  foxea.     Marten  and  lynx  are  also  taken  by  tbe  Indians- 

The  Cocntrt  £i9r  of  Nipiqon  La.kk  and  Rivkb. 

Dr.  W.  A.  Park*. 

Hy  instructions  as  received  from  Dr.  Bell  were  to  complete  as  far  as  Itutiuctjcnu. 
pcnable,  Uie  geology  and  topography  of  that  part  of  the  Nipigon  sheet 
lying  east  of  the  lake  and  river.  Owing  to  the  limited  tine  and  the 
nther  inaoceadble  nature  of  the  country  it  was  thought  advisable  to 
make  trsck-aurveys  only,  and  to  tie  these  to  the  various  exploratory 
lines  which  had  been  run  in  connection  with  the  location  of  tbe  Cana- 
dtsn  Pacific  railway  and  to  the  shores  of  Lake  Nipigon.  The  Nipigon 
duet  embraces  an  area  of  the  usual  size  adopted  by  the  Survey  (forty- 
ogfat  by  seventy-two  miles).  This  inclodee  the  southern  part  of  Lake  ^^*^i^ 
Ni[HgDD  as  well  as  tbe  Nipigon  river  to  within  a  few  miles  of  its  mouth. 
Nipigon  lake  and  river  divide  the  sheet  into  two  almost  equal  parts ; 
the  eastern  half  was  assigned  to  me,  while  Dr.  Alfred  Wilson  received 
sitmUr  instructions  regarding  the  western  division. 

Tbe  first  work  in  this  region  was  executed  by  Dr.  Robert  Bell  with  Pint  mrver 
the  ismstance  of  Mr.  Peter  McKellar  during  the  summer  of  1869.  Dr.  uipigon. 
Bell  triangulated  the  western  side  of  Lake  Nipigon  from  South  bay  to 
the  northern  extremity,  filling  in  the  details  with  measuremente  taken 
by  (he  micrometer  telescope,  while  Mr.  McKellar  carried  out  a  compass 
and  micrometer  survey  of  the  eastern  side.  Both  gentlemen  made 
groli^icsl  examinations  of  the  shores  of  the  lake  and  of  the  lower  por- 
tions of  some  of  the  rivers  flowing  into  it.  The  resulting  map,  on  a 
scsleof  four  miles  to  the  inch,  was  published  in  the  report  of  the  Survey 
for  1B69.  At  a  later  date  Messrs.  D.  B.  Dowling  and  Wm.  Mclnnes 
made  a  »Drvey  of  parte  of  the  shores  and  of  those  islands  which  had 
been  omitted  in  the  above  survey,  and  also  a  compass  and  micrometer 
tr&verse  of  some  of  the  tributary  streams.  It  will  be  seen  that  this 
Mt  a  Isi^e  amount  of  work  to  be  done  in  tbe  interior  before  a  sufficient 
knowledge  of  the  geology  and  geography  inland  had  been  acquired  to 
jvttjfy  the  issuing  of  the  map-sheet. 
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During  the  summer  I  had  the  asaiatance  of  Mr.  Qordon  O'Leary,  of 
Lindsay,  who  proved  in  every  way  aatisfactory.  In  company  with  Dr. 
Wilson  I  loft  Toronto  on  June  27  and  arrived  at  Port  Arthur  oc  June 
30.  Here  we  spent  a  day  in  obtaining  men  and  supplies  and  on  July 
2  proceeded  to  Nipigon,  where  we  completed  our  equipment  and  were 
"  enabled  to  start  up  the  river  the  following  day.  Mr.  O'Leary  had  not 
arrived  by  this  time,  so  I  thought  it  better  to  leave  word  for  him  to 
follow,  OS  I  desired  to  lose  no  time  before  getting  the  supplies  over  the 
long  portages.  I  parted  from  Dr.  Wilson  at  the  port^e  below  Lake 
Emma  on  July  8  and  arrived  at  Rabbit  fatU  the  same  night.  The 
next  day  I  was  joined  by  Mr.  O'Leary  and  we  proceeded  at  once  to 
Poplar  Lodge  at  the  mouth  of  the  Sturgeon  river,  whi(^h  point  we  made 
our  headquarters  for  some  time.  Here  I  purchased  asmall  bark  canoe, 
as  the  large  cedar  one  with  which  I  ascended  the  river  waa  much  too 
heavy  and  clumsy  for  inland  work. 

A  small  stream  enters  Ijake  Nipigon  a  short  distance  north  of 
Poplar  point.  In  order  to  ascertain  the  eastern  limit  of  the  Mungo 
Park  trap  area  and  to  map  the  stream  referred  to,  it  was  ascended  to 
a  point  beyond  which  it  was  found  to  be  entirely  unnavigable, 
Returning  from  this  trip,  I  had  the  misfortune  to  suffer  a  slight 
accident  which  forced  me  to  remain  at  Poplar  Lodge  for  two  days- 
During  this  time  I  sent  Mr.  O'Leary  to  make  a  survey  of  the  large 
lake  lying  north  of  Mungo  Park  point.  This  he  accomplished  and 
found  that  the  waters  of  this  lake  discharge  into  I^ke  Nipigon  direct, 
and  not  into  the  Stu^^n  river,  as  indicated  on  former  maps. 

On  July  19,  I  started  up  the  Sturgeon  river  hut  considered  it  un- 
oeceseary  to  make  a  survey  of  its  lower  part,  as  this  had  already  been 
done  by  Mr.  Mclnnes.  On  entering  Cameron  lake,  however,  I  began 
a  trock-aurvey  which  was  carried  through  to  the  upper  waters  of  the 
Sturgeon  river.  A  similar  traverse  of  the  Windigokan  lakes  was  also 
made  at  this  time.  On  July  25, 1  left  the  Sturgeon  river  and  portaged 
into  a  chain  of  lakes  which  finally  brought  me  to  the  Blaokwater 
river.  On  ascending  this  stream  it  was  found  to  flow  out  of  a  lake 
about  three  miles  long.  A  track-survey  was  made  of  the  lake  and  of 
the  river  to  its  mouth  in  Lake  Nipigon.  The  stream  is  not  travelled 
by  Indians  and  no  portages  were  cut  out,  hence  it  took  us  a  consider- 
able time  to  make  the  traverse  and  we  did  not  arrive  back  at  Poplar 
Lodge  until  August  1. 

The  region,  from  the  Sturgeon  to  the  Blackwater  river  and  for  a  few- 
miles  on  each  side  ot  these  streams,  is  occupied  by  various  Huroniau 
rocks,  including  sericite  and  other  schists,  altered  porphyrite  and 
quartz-porphyry,  slate  and,  more  abundantly,  diorite,  both  massive  and 
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in  diBerant  stagea  of  metamorphism.  Agglomer&tee  sIbo  are  fonnd  at 
A  few  places.  The  dividing  line  between  the  agglomerates  ajid  the 
rocks  bebv  them  might  be  drawn  from  the  month  of  the  Sturgeon 
river  to  a  point  north  of  the  Windigokan  lakes.  Particular  attention 
ii  due  to  &iB  region  as  it  contains,  in  pl&cea,  ranges  of  schists  passing 
into  juper  and  hematite.  The  strike  is  somewhat  north  of  east  in  all 
cases  and  the  dip  variable  but  always  near  the  vertical.  Within 
the  limits  of  the  sheet  there  are,  roughly  speaking,  three  ranges  with  Throe  iron 
indic&tioDB  of  iron* ;  one  just  north  of  the  Sturgeon  river  and  two 
sooth  of  it.  Many  claims  have  been  staked  oq  these  belts,  chiefly  by 
the  Flaherty  and  Clergue  syndicates,  both  of  which  are  actively  and 
systematically  prospecting  the  region.  Mr.  Flaherty  has  had  a 
diamond  drill  working  during  the  past  summer  on  the  first  range 
aonth  of  the  Sturgeon  (the  Sand  river  range).  The  jasper  rock  is  here  Juper  raclm. 
l.OOO  feet  wide  and  is  filled  with  narrow  bands  of  pure  hematite.  Its 
strike  a  22°  north  of  east  and  its  dip  northward  76°.  The  drill  was 
drifen  down  542  feet  at  an  angle  of  60'  from  the  vertical  to  the 
Bonth,  thus  crosscutting  the  deposit.  The  core  revealed  continuous 
jaaper  vith  narrow  bands  of  hematite  and  at  the  bottom  a  passage 
into  qnartate.  This  belt  has  been  traced,  with  some  interruptions,  to  J™"  *t  Litth 
Ijttle  Long  lake,  a  distance  of  70  miles  to  tho  eastward,  at  which  Dr. 
™l  mentioned  the  occurrenoe  of  iron  ore  in  his  report  Jor  1870. 
-North  of  the  Sturgeon,  the  strike  is  abont  the  same,  bat  the  average 
*ulth  is  difficult  to  ascertain  as  the  deposit  is  covered  by  the  silt  at 
^  river  banks.  Slaty  hematite,  giving  40  per  cent  iron  has  been 
""■id  at  different  places  on  this  range.  1  was  able  to  work  out  the 
$wlogicaI  conditions  of  occurrence  fairly  well  and  will  be  in  a  position 
"*  *rite  on  this  point  when  the  various  samples  have  been  examined. 
«8per  was  observed  at  one  place  on  the  Blockwater  river  and  magne- 
"te  *as  found  south  of  BlackwaCer  lake. 
^n  August  2,  I  r&«scBnded  the  Sturgeon  river  to  the  Long  portage  I-arge  trap 
1*7^  Vtade  an  overland  trip  north,  a  distance  (rf  four  miles,  in  order  to 
J~^^  the  northern  limit  of  the  large  trap  area.  The  following  day  I 
^^  with  a  mouth's  provisions  to  examine  the  chain  of  lakes  lying 
^O  of  the  re^on  above  described.  Long  and  rough  portages  are 
t  ^*<k.ntered  in  ascending  the  600  or  900  feet  of  difference  in  level 
jj  ^oen  these  lakes  and  Lake  Nipigon.  Massive  hills  of  trap  mark  the  Hills  of  trap. 
^  ■^b^  of  the  Animikie  formation  and  much  assisted  me  in  mapping 
J^^^^  rocks.  Their  extent  was  at  one  time  much  greater  than  at  pre- 
.  ^  as  evidences  of  denudation  are  very  manifest  and  outliers  are 
..,,^**^TOU8,  sometimes  at  considerable  distances  from  the  main  mass. 


t>^    ^^e  inm  ore  of  tbu  region  ma  disoorered  bv  Mr.  Peter  McKellar,  ■ 
•    *adl,  in  1809.    See  Report  GooL  Survey,  tor  that  year. 
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It  was  found  necessarj'  to  survey  all  th«  lakes  of  this  chain,  aa 
oxistiag  Burv^s  are  extremely  faalty  and  ia  places  abeolntely  inoorrect. 
Many  tripe  inland  were  made  and  a  larf^  number  of  new  lalcee  mapped. 
Particnlar  attention  was  paid  to  locating  the  head-waters  of  the  several 
rivers  flowing  Into  Lake  Superior.  The  heightof-land  between  the 
Nipigon  and  Superior  waters  lies  a  short  dislanoe  south  of  the  above 
mentioned  chain  of  lakes.  The  streams  flowing  south  have  therefore, 
more  than  1,000  feet  descent  in  a  distance  of  about  25  miles.  This 
renders  them  very  rapid  and  aa  the  volume  is  small  tht-y  are  all  quite 
unnavigable.  The  firsf  ten  miles  of  these  streams  lie  on  the  uplands, 
hence  lakes  are  more  numerous  and  the  canoe  navigation  facilitated 
thereby. 

On  September  2  we  returned  to  Poplar  Lodge  and  removed  oar 
supplies  to  a  point  on  Pijitiwabikong  bay.  The  following  week  was 
spent  in  making  overland  trips  in  various  directions  from  this  place, 
the  most  interesting  results,  besides  minor  gec^raphical  features,  being 
the  locating  of  limestone  under  the  trappean  overflow  at  several  places. 

On  September  9, 1  instructed  Ur.  O'Leary  to  engage  an  Indian  and 
take  the  large  canoe  to  Nipigon  station,  while,  with  one  man,  I  return- 
ed ID  the  small  oanoe  to  the  most  south-easterly  point  reached  in  the 
previous  'trip.  From  this  place  we  forced  our  way  southwards,  disco- 
vering a  number  of  small  lakes  and  one  of  oonaiderable  size  known  to 
the  Indians  aa  Abamicbegomog.  We  were  finally  forced  to  abandon 
the  canoe  and  to  make  our  way  overland  to  the  railway.  This  country 
is  extremely  hilly  and  rough  and  consists  of  Laurentian  gneiss,  but  a 
fringe  of  Euronian  schist  is  met  with  before  reachin^^  Lake  Superior. 
This  trip  resulted  in  the  mapping  of  the  Gravel  and  Cypress  rivers  and 
in  proving  the  existence  of  a  large  area  of  excellent  spruce  timber.  On 
returning  from  this  expedition  I  paid  off  the  Indian  who  had  been  with 
us  all  summer. 

With  Mr.  O'Leary,  I  went  to  the  north  end  of  Lake  Sally,  from 
which  point  a  trip  was  made  northward  to  connect  with  the  one  previ- 
ously mnde  from  the  sonth  end  of  Pijitiwabikong  bay.  This  revealed 
the  fact  that  a  narrow  valley  has  been  cut  through  the  trap  from  Lake 
Nipigon  to  Lake  Helen,  as  gneiss  is  found  all  the  way  from  Pijitiwa- 
bikong bay  to  the  latter.  In  order  to  survey  the  Jackflsh  river,  we  went 
overland,  due  east,  until  a  stream  was  encountered  which  we  followed 
to  the  railway.  This  proved  to  be  only  a  tributary  of  the  Jackfish. 
Another  expedition  was  therefore  made  along  the  line  between  conces- 
sions II  and  III  of  the  township  of  Ledger  and  it  was  continued  a  mile 
beyond  the  borders  of  the  township,  where  the  river  was  again  found 
and  it  ia  thus  located  at  four  points,  namely  on  two  trial  lines  of  the 
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Canadian  Pacific  KaOw&y,  at  the  point  just  mentioned,  and  at  the  junc- 
tion of  the  ^aent  above  referred  to.  These  various  trips  revealed  a  ^f^'J'^lf" 
Urge  area  of  sandstone,  limestone  and  shale  resting  on  the  gneiss  and 
coTsred  by  the  massive  trap.  TheJaokfish  river  occupies  a  wide  valley, 
eroded  through  the  trap  and  floored  at  both  its  northern  and  southern 
ends  with  gneiss,  vith  a  wide  belt  of  sandstone  and  limestone  in  the 
middle.  It  appears  to  me  possible  that  at  some  past  time  the  waters 
of  Lake  Nipigon  escaped  from  the  great  chasm  at  Fijitiwabikong  bay 
sod  found  their  way  to  Lake  Superior  through  the  well-marked  valley 
of  the  JukGah  river. 

The  lower  part  of  the  Jackpine  river  I  was  unable  to  explore,  as  my  Jsckpin? 
duties  in  Toronto  demanded  my  return  by  the  first  of  October.  How- 
ever, two  streams  were  surveyed  from  the  north  end  nearly  as  far  as 
the  southern  boundary  of  the  sheet.  It  ia  very  likely  that  these  two 
Btreang  nnite  to  form  the  Jackpine,  as  they  lie  in  the  proper  place  and 
would  agree  with  the  location  of  the  river  on  the  plana  of  the  Canadian 
Patafic  Railway. 

I  wonad  up  the  business  of  the  ezpeditaon  at  Nipigon  station  and 
Fort  Arthur  and,  accompanied  by  Ur.  O'Leary,  arrived  at  Toronto  on 
September  30. 


The  Wbbt  Sidb  or  James  Bay. 

Mr.  D.  B.  Dmding. 

!»  the  Severn  distriot  of  the  Hudson's  Bay  Company,  which  has  Unexplored 
Mw  become  the  southern  part  of  the  District  of  Keewatin,  there  is  a  "'"°°" 
'*^  region  lying  to  the  south-west  of  Cape  Henrietta  Maria  that 
"*"  Derer  been  geologically  explored,  and  in  which  we  were  conse- 
qneatly  unable  to  lay  down  the  boundaries  of  the  formations,  even 
*PP'^Ximate1y.  As  this  region  occupies  a  very  conspicuous  position 
'"'  "'^t  geol<^cat  map  of  Canada,  in  course  of  preparation,  it  had 
^""^■Qe  necessary  to  ascertain  as  much  as  possible  during  the  season 
""^gard  to  the  distribution  of  the  rocks  in  these  parts.  In  addition  to 
^i  tJie  west  side  of  James  Bay  had  not  been  surveyed,  and  as  it  was 
'™'*ble  to  represent  this  shore  on  our  maps  with  some  degree  of 
^^■^cy,  it  was  docided  to  send  a  party  to  make  a  geological  recon- 
^'^^^nce  of  the  above  region  and  a  track-survey  of  the  sea-coast  in 
^K  t*  and  returning  from  Cape  Henrietta  Maria.  Mr.  D.  B.  Ingi 
"''vhng  was  entrusted  with  this  work  and  was  instriicted  to  make 
u  instramental  survey  of  the  Eqnan  river,  the  largest  stream  in  the 
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region  above  designated,  and  traok -surveys  of  as  many  other  slreama 
as  could  be  executed ;  also  a  similar  eurvey  of  Sutton  Mill  lake.  He 
was  likewise  to  make  notes  on  the  timber,  soil,  faana,  flora,  climate 
and  other  matters  in  regard  to  the  district.  He  was  assisted  by  Sir. 
W.  H.  Boyd,  of  the  Geological  Survey,  and  attached  to  his  party  were 
Messrs.  J.  L.  Biggar,  of  Toronto,  and  T.  M.  Papineau,  of  Montreal. 
Mr.  Dowling  reports  as  follows  on  the  season's  work  ; — 

I  left  Ottawa  May  30  and  proceeded  to  Missinaibi,  on  the  Cana- 
dian Pacific  railway,  to  which  the  canoes  had  heen  shipped.  In  order 
to  forward  our  supplies  a  'half-size'  bark  canoe  was  obtained  and 
four  Indians  were  engaged  to  go  as  far  as  Moose  Factory.  As  Mr. 
A.  P.  Low  was  going  down  the  river  at  the  same  time,  we  travelled 
in  company,  and  arriverl  at  Moose  Factory  on  the  17th  (^  June. 
While  there  I  hired  a  small  sail-boat  to  carry  us  and  our  supplies  to 
the  month  of  the  Equan  river.  Heavy  north  winds,  which  carried  a 
large  ice-Qoe  into  the  bay,  delayed  ns  several  days,  bnt  we  managed 
to  reach  the  mouth  of  the  Albany  river  in  safety,  although  we  were 
enveloped  in  fog  and  rain  most  of  the  time.  As  directed  by  yoar 
instructions,  I  looked  for  gypsum  between  Moose  Factory  and  Fort 
Albany,  and  found  some  loose  pieces  of  it  in  the  vicinity  of  Ko- 
mansland.  It  is  quite  likely  that  this  mineral  occurs  in  sUft  in  the 
vicinity.  After  our  experience  in  sailing  along  a  shallow  uncharted 
shore,  I  determined  on  securing,  if  possible,  a  guide  at  Fort  Albany  who 
would  know  the  shore  to  the  north,  especially  that  part  near  the 
Equan  or  Ekwan  river.  Many  of  the  Indians  trading  at  Albany 
were  from  the  region  we  were  going  to  visit,  and  much  usefal  infor- 
mation was  obtained  from  them.  One  of  their  number  (Patrick 
Spence),  who  lived  on  the  coast  near  the  mouth  of  the  Equan,  was 
hired  as  guide.  After  about  five  days  of  fruitless  endeavour  against  a 
head  wind,  during  which  we  made  only  about  ten  miles,  we  bad  a  day 
of  fair  wind  from  the  east  and  south  which  enabled  us  to  run  to  the 
Equan  river,  arriving  on  the  evening  of  July  8. 

As  the  Indians  of  this  district  cannot  obtain  bark  to  build  canoes, 
they  were  [Kiorly  equipped  in  this  respect,  and  finding  that  no  canoes 
could  be  had,  we  did  not  divide  our  party,  but  with  our  two  wooden 
ones  began  a  micrometer  survey  of  the  Equan.  This  was  continued 
for  about  one  hundred  and  iifty  miles  from  the  coast,  or  to  the  mouth 
of  Wasbagami  river,  which  I  ascertained  to  be  in  latitude  53°  48'  62*. 
We  then  ascended  this  branch  to  the  lirst  lake,  from  which,  by  a  series 
of  long  portages  eastward,  we  reached  a  small  stream  that  carried  us  to 
the  south  end  of  Sutton  Mill  lake.  This  take  we  found  to  be  in  a  deep 
valley  trending  north  and  south,  with  an  average  width  of  little  over 
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bilf  a  mile.  It  is  divided  into  two  sectioiu  by  a  ridge  of  rock,  cunaiet- 
ii^  of  horizontal  beds  of  Cambri&n  age  ennnounted  by  a  heavy  trap 
OTtrflow,  similar  ia  general  appearance  to  thoee  of  Lake  Superior. 
TlirODgli  this,  by  a  seriee  of  parallel  fanlta,  a  narrow  chaam,  nearly 
blocked  up  by  detritus  from  the  cliffs,  allows  a  email  stream  to  flow 
from  the  southern  to  the  northern  part  of  the  lake.  A  log-sarvey  of 
iim  lake  was  made,  and  while  J  remained  to  complete  this  wgrk  and 
eiuoine  the  rocks,  Mr.  Boyd  was  sent  down  ihe  stream  dnunlng  from 
ite  northern  end,  called  Trout  river,  to  make  a  traverse  of  its  oourse 
to  HndwD  Bay.  While  at  its  mouth,  besides  latitude  observations, 
be  look  a  series  of  barometer  reodingq  by  which  to  check  the  elevation 
d  tbe  lake. 

Aa  the  navigation  along  the  Hudson  bay  shore  from  Trout  river 
vu  reported  dif&cult  and  dangerous,  we  both  returned  by  the  routes 
»6  had  already  traversed,  arriving  from  the  interior  at  the  mouth  of 
the  Equan  on  August  22.  Having  but  a  short  time  to  spend  in  TnTsne  on 
this  vicinity,  I  determined  on  making  a  quick  trip  northward  along  j^^  w 
ttie  there  as  far  as  the  weather  would  permit.  A  lognsurvey,  checked 
hj  laCitDde  observations,  was  made  as  far  as  the  Opinaagow  river. 
After  being  detained  there  by  a  storm  from  the  north,  and  fearing  a 
contbnance  of  bad  weather,  we  turned  baok  on  August  30,  and 
urived  at  the  E^nan  again  on  September  3.  Hiring  oar  former 
glide,  we  started  in  the  boat  for  Albany,  but  were  detained  by  head 
vind  at  the  southeni  mouth  of  the  Attawapiskat  river.  A  latitude 
obserrstion  which  we  took  here  confirms  the  position  determined  in 
1S86  bf  Dr.  K.  Bell  which  was  questioned  at  that  time,  as  it  was 
much  fsrther  south  than  that  given  on  the  old  maps  and  charts. 

On  September  6,  we  entered  the  Albany  river  on  our  return 
journey  and  paid  off  our  guida  A  storm  from  the  north  set  in  just 
^r  we  arrived  there.  When  we  were  ready  to  start,  it  had  expended 
much  of  its  force  and  by  the  moderated  wind  we  were  carried  about 
balf  way  to  Moose  river.  A  period  of  calm  weather  with  light  south 
kA  Rontli-west  winds  then  set  in  and  we  reached  Moose  river  on  the 
«Tt]migaf  September  11.  The  tide  was  mnniag  out,  so  we  waited 
till  9  p.m.  for  it  to  turn  and  then  we  beat  in  to  the  Inner  Ships  Hole 
by  10.30  p.m.  In  the  afternoon  we  saw  the  barque  '  Hans, '  a  char- 
tered TMael,  leaving  on  her  run  out  of  the  bay.  The  Hudson's  Bay 
Company's  vessel,  the  '  Lady  Head  '  waa  still  at  anchor  in  the  river, 
feadj  to  atart,  but  she  did  not  leave  till  about  September  15. 

The  Moose  river  we  found  to  be  very  low,  but  before  we  left  for  the  Rotum  by 
KHiUi  a  heavy  rain  set  in  for  three  days,  for  which  we  were  thankful, 
u  the  delay  at  Moose  Factory  would  be  balwiced  by  an  increase  in  the 
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depth  of  the  river  vhich  would  facilitate  our  travelling.  On  the  I8tb, 
we  left  Moose  Factory,  but  soon  found  that  we  were  obliged  to  wade 
for  long  distances  in  the  shallow  water.  Owing  to  the  very  dry 
summer,  a  forest  fire  had  been  raging  in  the  valley  during  the  latter 
part  of  August  and  up  to  the  middle  of  September.  This  was  found 
to  extend  from  the  mouth  of  the  Matt^ami  river  south-westward  on 
the  Missinaibie  to  the  Skunk  islands.  My  instructions  directed  me 
to  make  a  track-survey,  if  possible,  of  the  Upaiatika  river  when  on  my 
way  home  ;  but  as  thb  stream  flows  through  part  of  this  burnt  area 
it  was  especially  shallow,  and  we  were  satisfied  that  our  canoes  could 
not  be  got  up  it  without  very  h^vy  labour  and  a  loss  of  more  time 
than  we  could  afford,  so  we  returned  by  the  Missinaibi,  arriving  at  the 
railway  on  October  15. 

Ueneral  The  delta  at  the  month  of  -the  Moose  river  is  divided  into  three 

mouthoF  channels  which  enter  James  Bay.  The  northern  one  runs  from  north 
Mooae  river.  q(  Middleboro  island  to  the  north-west  of  Ship  Sands,  but  it  is  nearly 
dry  at  low  water  and  is  also  impeded  by  large  boulders,  so  that  it  is 
not  used  except  by  canoes  and  small  boats.  The  southern  channel  is 
also  reported  to  be  shallow.  The  central  channel  which  runs  along 
the  south  edge  of  the  Ship  Sands,  shoals  to  seven  feet  at  low  tide,  and 
vessels  pass  at  high  water  after  being  lightened  to  draw  about  twelve 
feet. 

Moose  river  to  Northward  from  the  outer  bar  to  North  point,  the  water  is  very 
AlUny  river,  ^j^^^j  j^yj,  Jt  deepens  slightly  to  Nomansland.  The  low-tide  flats  are 
not  very  wide  but  the  bars  project  from  many  of  the  noints  for  long 
distances  at  Long  Ridge  point  and  Cockispenny  point.  At  Ha!fway 
point,  limestone  fragments  are  pushed  up  along  the  shore  from  rock 
apparently  in  situ  below  tide.  Long  Ridge  point  is  built  np  mostly 
of  gravel  with  a  few  boulders  showing  on  the  surface.  From  Nomans- 
land to  Albany  river  the  shore  b  very  flat  and  at  low  tide  the  mnd 
fiats  extend  out  for  several  miles. 

Mouth  of  The  Albany  river,  tike  the  Moose,  is  divided  at  its  mouth  into  three 

^  nver.  (^Qu^ig,  ^he  trading  establishment  and  mission  are  situated  on  an 
island  on  the  north  side  of  the  southern  channel.  North  of  this  island 
is  the  broad  opening  called  locally  North  river.  This  has  at  its  mouth 
a  long  bar  similar  in  position  to  the  Ship  Sands  at  Moose.  The  southern 
entrance  to  this  is  the  larger,  and  its  entrance  seems  to  be  much  deeper 
than  the  channel  going  to  the  settlement.  The  smalt  channel  north 
of  the  bar  is  shallow  at  low  water  and  has  a  bar  outside  on  which  we 
found  a  depth,  at  high  tide,  of  very  little  over  one  fathom.  Veiy 
shoal  water,  in  which  boulders  appear,  extends  northward  beyond 
Nottashay  point  and  boats  are  obliged  to  keep  nearly  out  of  sight  of 
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lind  to  escape  the  ahoaU.  Cbickney  river,  which  enters  north  of  the 
Albany,  is  said  to  be  another  channel  from  the  latter. 

Sboais  were  observed,  well  out  from  shore  to  near  the  Ka3rpnskow  Co«t 
river.    In  the  inner  water  between  Akimiski    ('Agoomak»')  island  ""^ 

and  the  mainland  there  seems  to  be  a  maximam  depth  of  about  two 
fitliomB.  This  shoals  gradually  to  one  fathom  at  a  distance  of  three 
miles  from  either  shore,  as  oheerved  in  tacking  back  and  forth  in 
latitude  52°  54'  0".  The  mainland  here  is  generally  without  a  beach 
and  between  the  woods  and  the  tide-liue  is  a  wide  flat  covered  with 
grass.  The  north-western  part  of  Akimiski  island  approaches  the; 
mainland  mnch  closer  than  is  shown  on  the  maps  and  a  number  of 
tboab  are  scattered  from  this  point  to  the  point  sooth  of  the  Equan 
river.  The  boat  channel,  according  to  our  guide,  runs  to  the  west  of 
the  two  islands  which  here  lie  off  the  shore.  The  position  of  the 
nontb  of  the  Equan  river  according  to  several  observations  is  ia  lati- 
tnde53°14'0'. 

Iforthvard  from  the  Equan,  the  shore,  for  a  long  distance,  is  flanked 
bj  high  gravel  bars,  but  at  low  tides  a  broad  belt  of  mud  eit«nda  out 
Hveral  miles,  so  that  travelltag  along  this  coast  with  canoes  is  very 
HDplesssQi,  should  the  time  of  high  water  be  in  the  middle  of  the  day 
or  night  Landing  on  the  beach  without  a  long  '  carry  '  through  the 
mad  is  only  possible  at  high  tide. 

The  rivers  that  entor  the  bay  between  Equan  point  and  Cape  Hen-  Stmmi  wnith 
rifltta  Maria  are  not  large  and,  as  the  former  maps  ore  mere  sketches,  "  *  ™^^ 
it  is  difiicalt  to  locato  thoee  which  are  not  known  by  a  local  Indian 
KAuie.  The  first  stream  north  of  the  Equan  ie,  a  email  channel  said 
to  be  a  branch  from  that  river.  It  b  marked  by  two  gravel  bars  to 
the  north  about  a  mile  from  the  beach.  Swan  river,  which  is  perhaps 
■UEt  river  of  the  map,  enters  in  latitude  63°  36'.  It  is  in  a  slight  bay 
orcnrveia  the  shore  line.  In  latitude  S4°,  the  shore  takes  a  curve 
to  the  vest,  forming  a  point  and  as  the  tree  line  curves  to  the  north- 
"Mt  froiD  here,  this  ia  probably  Point  Mourning,  the  first  wootied 
piHQt  Boath  of  Cape  Henrietta  Maria.  Several  small  streams  fiow 
into  the  above  bay.  The  firat  ia  called  by  the  Indians,  Kowashe  river — 
^»  neit  Palchipawapoko  —  then  the  largest  along  this  coast,  the 
OpinoBgaw,  followed  by  the  last  stream  Nikitowaaaki,  fifteen  miles 
"orth  of  the  Opinn^^w.  The  latitude  of  the  month  of  Opinnagow 
river  bj  observation  is  54*  12'  24'. 

The  bay  to  the  south  of  (Jape  Henrietta  Maria  is  shallow  and  mcddy 
'ith  wide  mud  flats,  but  near  the  extreme  eastern  end  of  the  cape,  the 
■bore  ia  reported  to  be  bolder  and  limestone  beds  are  said  to  outcrop 
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at  high  tide  mark.     These  are  prohably  contuiuations  of  those  found 
on  the  Equan  and  Attawapiakat  rivers  to  the  south-west. 

The  timber  along  the  coast  gradually  becomes  smaller  as  we  go 
northward  and  the  tree-line  recedes  from  the  shore,  leaving  it  finally 
at  the  Opinnagow,  so  that  the  country  behind  the  cape  is  more  or  less 
an  open  plain.  The  shore,  where  the  trees  are  at  a  distance  from  the 
beach,  is  generally  an  even  mud  slope,  covered  above  high  tide  with 
grass,  followed  by  a  wide  belt  of  stunted  gray  willows  which  look  some- 
what like  the  sage  bush  of  the  western  plaius.  Behind  this,  a  few 
isolated  spruces  of  small  stature  appear  before  the  tree-line  is  reached. 
In  sailing  along  this  coast,  it  is  impossible  to  know  which  way  to  steer 
BO  as  to  run  parallel  to  the  land  u  nothing  is  to  be  seen  ahead  by  which 
to  shape  one's  course. 

The  tides  along  this  narrow  shore  are  not  regular  in  their  amonnt 
of  rise  and  fall,  which  is  determined,  in  a  great  measure,  by  the  direc- 
tion and  strength  of  the  wind.  From  Equan  river  northward,  the 
high  tide  appears  to  be  about  six  and  a  half  hours  after  the  moon's 
meridian  pass^e — the  flood  and  ebb  running  seven  and  five  hours 
respectively,  while  to  the  south  of  the  shallow  ground  between  Akim- 
iski  island  and  the  mainland,  the  Qood  oomes  from  the  south  and  is 
much  earlier.  High  tide  at  Lowasky  river  occurs  at  between  two  and 
a  half  and  three  hoars,  and  at  Albany  about  the  same.  The  flood  tide 
at  Lowasky  river  runs  four  hours  and  the  ebb  eight.  At  Albany  the 
flood  runs  five  hours  and  the  ebb  seven.  At  the  outer  bar  at  Moose 
river  the  tides  are  from  half  an  hour  to  an  hour  earlier. 

The  general  course  of  the  Equan  river,  from  the  junction  of  the 
Washagami  or  Clearwater  river  is  toward  the  east- south -east.  It 
emerges  from  a  plateau  above  the  mouth  of  the  Little  Equan  river,  in 
a  wide  old  valley  and  then  flows  eastward  over  a  sloping  plain  to  the 
sea.  In  the  latter  part  of  ito  course,  it  is  cutting  down  a  new  valley 
through  marine  clays  which  cover  the  underlying  rocks  to  a  depth  vary- 
ing from  twenty  to  fifty  feet.  From  tlie  lowest  rock  exposure  to  tbe 
sea,  the  current  is  swift  and  it  is  constantly  moving  a  large  quantity  of 
gravel  towards  its  mouth  and  into  the  bay,  into  which  the  stream 
empties.  Shoals  and  gravel  islands  at  its  mouth  bear  evidence  of  this 
transportation  Nearly  horizontal  limestones  are  met  at  intorvals  in  the 
section  which  lies  between  the  fortieth  and  one  hundredth  mile  from  the 
sea.  From  a  series  of  fossils  collected  in  these  rocks,  it  would  appear  that 
they  are  older  than  the  Devonian  and  are  probably  of  Silurian  age. 

Above  the  little  Equan,  as  noted  before,  the  river  issues  into  a  wide 
valley  from  a  higher  plateau,  but  this  valley  gradually  narrows  before 
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the  WuhogAini  is  reached,  and  cut-baoks  of  olay,  higher  but  some- 
what similar  to  those  in  the  river  below,  oocar  at  many  of  the  beDda. 
Theee  clays  cootaio  marine  shells  such  as  Soiocava  rvgoaa,  Macoma  Marine  day. 
itdtaria,  Mya  truncata  and  Cardium  cUialwn.  These  were  also 
found  at  the  highest  point  at  which  the  clays  were  seen,  about  390 
fe«t  above  tide.  The  fall  in  the  river  from  the  luoutb  of  the  Washa- 
gami,  as  given  by  our  barometer  readings,  is  about  290  feet.  North 
oE  this  to  beyond  Suttoo  Miii  lake,  is  a  plateau  at  an  elevation  of  nearly 
400  feet  above  tide,  through  which,  in  latitude  54°  20'  rounded  or  oval 
domes  of  trap  protrude  to  a  height  of  from  fifty  to  one  bundr«d  feet. 
Through  the  plaleao,  a  deep  narrow  valley  has  been  eroded  in  a  norl.h 
sod  Bonth  direction,  which  is  now  occupied  by  the  waters  of  Sutton 
Mill  lake.  At  the  lake,  the  surface  of  the  clay  plain  is  390  feet  above 
tbe  sea  and  the  surface  of  the  water  is  290  feet  above  the  same 
leyel. 

Soundings  show  that  the  bottom  of  the  southern  part  of  the  lake  is  Elevation  of 
310  feet  below  the  plain  and  that  of  the  northern  part  250  feet  below  piutuu. 
tlie  saioe  sur&ce.  It  was  knoWn  from  the  map  published  long  ago  by 
Arrowsmith  that  a  tract  of  high  and  broken  ground  (compared  with 
tbe  generally  level  ooantry)  existed  to  the  south-west  of  Oape  Hen- 
rietla  Maria.  This  tract  had  been  assumed  to  be  Laurentian  and  it 
IS  w  coloured  on  former  geolt^ical  maps,  but  in  my  instructions 
from  Dr.  Bell  he  predicted  that  the  rocks  of  this  area  would  more 
likely  prove  to  belong  to  tbe  same  serins  as  those  of  the  Manitonnack 
and  Kostapoka  islands,  on  the  east  side  of  Hudson  Bay,  which  are  of 
the  same  age  as  the  Animikie  of  lAke  Superior ;  and  my  examinations 
of  the  region  proved  this  sarmis«  to  be  correct. 

Silarian  limestone  is  foond  on  Trout  river,  draining  Sutton  Mill  Rocks  of 
lake,  as  veil  as  in  the  bed  of  this  lake  just  north  of  the  trap  rocks 
Tbe  rocks  at  the  narrows  of  the  lake,  described  on  the  maps  as  '  high 
and  romsQtic,'  are  otiSa  one  hundred  and  fifty  feet  in  height  of  trap, 
capping  horizontal  beds  of  probably  Animikie  age.  The  trap  overflow 
eoTtn  tbe  uneven  surface  of  these  rooks,  in  muob  the  same  mcumer  as 
at  Nipijfon  bay  on  Lake  Superior.  Tbe  underlying  rocks  are  dark  Iron  one. 
^tcs  impregnated  with  iron  ore  and  interbanded  with  beds  of  jasper. 
Some  of  the  beds  seem  to  contain  a  high  percentage  of  magnetite  and 
iKmatitc  On  the  east  shore  a  section  of  about  ninety  feet  of  these 
jasper  and  iron-bearing  xlates  is  exposed  above  tbe  lake,  but  on  the 
^vA  mde  they  have  been  brought  down  to  below  the  water  level  by  a 
wnes  at  north  and  south  faults  and  the  exposures  there  are  of  the 
t^p  alone.  These  rocks  form  an  east  and  west  ridge  reaching  to  the 
upper  lakes  on  the  Washagami  and  eastward  to  a  large  lake  on  a 
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branch  of  the  Trout  river  which,  u  before  stated,  dmns  Sutton  Mill 
lake  and  runs  to  the  north. 

The  slates  and  jasper,  or  jaspillite,  beds  form  a  long  anticline, 
whose  axis  runs  east^nd-weat  and  the  majority  of  the  beds  exposed 
belong  to  the  northern  slope  of  the  anticline.  This  ridge  is  terminated 
on  the  lake  hj  a  eeiies  of  north -and-soutb  faults  with  downthrow  to 
the  west  of  unknown  amount.  The  overflow  of  trap  appears  to  have 
bnea  at  a  later  date,  as  there  seems  to  be  some  unconformity  at  the 
base  of  the  trap,  the  flow  having  flUed  all  the  inequalities  in  the  un- 
derlying surface.  The  oliff  at  the  west  side  of  the  narrows  is  of  trap, 
one  hundred  and  flfty  feet  high,  with  none  of  the  jaspillites  showing 
beneath  it.  On  the  east  side,  however,  ninety  feet  of  these  beds  are 
exposed  with  a  varying  thickness  of  trap  above  them. 

The  following  rough  enumeration  of  the  arrangement  of  the  beds 
below  the  trap  is  given,  but  as  no  careful  ezamioation  of  the  rocks 
has  been  made,  it  is  to  be  considered  as  only  provisional : 

At  the  top,  in  contact  with  the  under  surface  of  the  trap,  ia  a 
series  of  black,  gray,  and  greenish  elates  with  many  of  the  upper  beds 
impregnated  with  mt^jiietite.  At  eighteen  feet  down,  red  jasper 
streaks  begin  to  appear  and  the  first  narrow  band  is  quite  crystalline, 
so  much  so,  that  it  resembles  an  eruptive  porphyry.  In  the  next  two 
feet,  very  thin  beds  or  streaks  of  jasper  are  interleaved  with  the  slates, 
but  they  become  much  thicker  below.  The  jasper  beds  are  seen  to  be 
made  np  of  minute  oval  and  roanded  concretions  of  bright  jasper 
separated  by  a  matrix  of  chalcedonic  quartz.  As  the  colour  depends 
on  the  percentage  of  these  jasper  pellets,  the  colour  of  the  beds  ranges 
from  light-red  to  brown.  Thin  bedded  dark  ru^ty  rocks  form  the 
majority  of  the  beds  to  about  thirty  feet  down,  where  several  heavy 
beds  of  jasper  occur.  Below  this  to  forty  feet,  the  beda  are  mostly 
of  dark  grayith  and  black  semi-crystalline  rocks  with  fewer  red  streaks, 
but  they  are  more  heavily  charged  with  magnetite  than  those  abi)ve, 
and  some  of  the  thin  beds  appear  to  be  wholly  of  magneUte,  A 
covering  of  talus  conceals  the  slope  to  about  seventy  feet  down,  but, 
in  this  space,  fragments  which  lie  about,  indicate  dark  iron  bearing 
slates  or  quartzitea  of  high  specific  gravity.  In  the  lower  part  of  the 
section,  the  rocks  are  of  a  coarser  crystalline  apparance  and  the  lowest 
bed,  or  that  exposed  at  the  water  level,  is  heavy  with  magnetite. 

The  valley  of  Sutton  Mill  lake  widens  out  at  the  north  and  iu  dis- 
chai^  flows  at  first  in  an  old  wide  valley  and  then  gradually  forms  a 
newer  channel  for  itself.  In  going  north,  the  timber  gets  small  and 
disappears  before  the  shore  of  Hudson  bay  is  reached.     The  mouth  of 
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this  river  is  placed  hy  aevenl  Utitnde  observations  by  Mr.  Bojd  at 
55'  16'  09'. 

AioDg  the  streams  there  is  a  aarrow  fringe  of  timber,  but  in  Interior. 
ipprouhiog  the  tree-limit  this  becomes  very  small.  Back  from  the 
inmediste  slopes  of  the  rivers  the  surface  is  nearly  level  and  moss- 
covered,  with  scattered  groups  of  small  spruce  and  tamarack.  The 
greatei  part,  of  the  interior  is  reported  to  be  muskeg  (open  bog).  A 
imnll  collection  of  about  forty  species  of  shore  plants  was  made  at  the 
montlu  of  the  Equan  and  Albany  rivers. 

Tbe  principal  fur-bearing  animals  of  this  district  are  foxes,  otters  Gune. 
and  be&vera.  Of  the  larger  mammals,  few  appear  to  be  obtained  by 
the  Indians.  In  the  interior  the  game  birds  are  all  very  scanse,  the 
f^l  hant  for  ducks  and  geese  being  confined  to  the  shores  of  the  bay- 
The  rivers  afford  a  small  supply  of  whitefiab.  The  streams  running  to 
tbe  north  into  Hudson  bay  in  this  region  are,  at  certain  seasons,  well 
stocked  with  speckled  trout.  Sutton  Mill  lake  is  well  supplied  with  a 
slender  variety  of  lake  trout  and  at  the  narrows,  speckled  trout  were 
also  canghL 

Western  Paht  op  the  Abitibi  Rbgion. 
Mr.  W.  J.  Wilson. 

I  beg  leave  to  submit  tbe  following  report  of  my  explorations  in  tbe 
vicinity  of  Lake  Abitibi,  Nipisaing  District,  Ontario,  during  the  ptet 
Mnuncr. 

1  received  instructions  from  you  .'  to  determine  the  extent,  etc.  of  liutmctioiia. 
the  Euronian  rocks  to  the  north-west  and  north  of  Lake  Abitibi,  along 
the  Abitibi  river  from  the  outlet  of  the  Uke  downward  as  far  oa  may 
ke  necessary,  say  to  the  Long  Sault  rapids  or  Frederick  House  river, 
■outhirard  of  the  lake  to  explore  and  make  a  survey  of  the  Abitibi 
river  irhich  falls  in  southward  of  the  Post,  and  of  any  natural  features 
powible  in  that  region,  west  as  far  as  Night  Hawk  lake  and  south  to 
tbe  Hmght  of  Land  or  Round  lake.' 

On  June  10,  I  left  Ottawa  accompanied  by  Messrs.  J.  F.  E.  Johnston 
of  this  department,  T.  A.  Davies  and  H.  F.  Lambart.  We  proceeded 
Ia  Abitibi  post  by  way  of  Temiskaminj;  lake  and  the  canoe  route  from 
Quuue  lake  to  Lake  Abitibi,  reaching  the  latter  lake  on  June  23. 

Mr.  Johnston,  following  your  instructions,  made  an  examination  of 
be  country  lying    to  tba  east  of  the  Interprorincial  boundary,  and  be 
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•hing  lake. 


will  report  directly  to  you  oa  the  reault  of  his  explorations.  He  was 
aoc'ompamed  by  Mr.  Lambart. 

After  Btoriog  our  aupplies  in  the  Hudson's  Bay  Company's  w&rehouse 
which  Mr.  Bobu  Skene  kindly  placed  «t  our  disposal,  and  securing  a 
ftnide,  I  came  south  on  the  canoe  route,  over  which  I  bad  just  passed, 
for  the  purpose  of  esauiining  the  country  south  of  Lake  Abitibi. 
Maps  of  this  region  represent  a  river  a>  flowipg  from  the  south-west 
and  joining  the  stream  flowing  from  Agotawekami  lake,  a  short 
distance  north  of  the  latter.  The  Indians  told  me  there  was  no  river 
there,  and  subsequent  investiga^on  proved  this  information  correct. 
In  paaaing  along  the  canoe  route,  the  opening  looks  exactly  like  the 
mouth  of  a  river,  but  it  is  only  a  long  winding  arm,  and  has  not  even 
a  small  atream  flowing  into  it.  Abitibi  ri»er,  therefore,  flows  directly 
from  Agotawekami  lake.  It  receives  two  small  atreams  from  the  west, 
about  three  and  fi*e  miles  long  respectively,  but  they  are  not  passable 
for  canoes  except  in  very  high  water. 

I  learned  from  the  Indians  that  there  is  a  canoe  route  west  from 
Obadowagashing  lake  through  a  series  of  rivers,  lakes  and  portages 
round  to  Agotawekami  lake. 

Beginning  at  the  north-west  bay  of  Obadowagashing  lake,  I  followed 
the  river  flowing  from  Labyiinth  lake  a  distance  of  about  four  miles. 
There  are  two  short  portages  on  this  river  and  several  exposures  of  a 
hard  fine-grained  greenstone  containing,  in  most  places,  small  grains 
of  pyrite.  There  are  also  two  small  exposures  of  vitreous  tu£  Close 
M  the  river,  the  banks  are  low  and  are  composed  of  clay,  but  a  short 
distance  back  the  land  rises  in  low  undulations  to  a  height  of  50  to 
100  feet.  The  country  ia  thickly  wooded  with  spruce  (Picea  alba  and 
P.  nigra),  poplar  ( Popu/u»  trentuloidea  and  P.  btdtatnifera),  balsam  or 
fir  (Abiis  baUaniea),  canoe-blrch  (Betula  papyrifera),  cedar  (Thuya 
occidfntalii),  tamarack  (Lctrix  Americana),  pine  (P_inu»  Ulrobus,  P. 
reginoia,  P.  Banksiana),  and  numerous  shrubs,  as  alder,  willow, 
American  yew,  mountain  maple  (Acer  tpi&Uum),  rowan,  sweet  gale  and 
a  great  variety  of  small  flowering  plants  and  ferns. 

Labyrinth  lake  is  irregular  in  shape,  about  four  miles  long  and  three 
broad.  It  contains  numerous  islands  which  are  well  wooded  but  rough 
and  rocky,  the  rock  being  compact  greenstone  containing  small  quartz 
veins  holding  pyrite.  Wherever  the  rock  is  exposed,  especially  near 
the  water  level,  it  is  polished  smooth  and  heavily  striated.  The  course 
generally  is  south  to  S.  20'  W.,  with  stossing  on  the  north.  A  few 
granite  boulders  were  noted  but  no  boulder  clay.  The  Indian  name 
of  this  lake  is  Kwaskonadoga. 
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CoDtinniag  the  survey  westw&rd,  I  passed  through  a  low  marshy 
rifer  for  two  miles,  then  through  a  email  grassy  lake  called  Waterhen 
Uke,  then  for  a  mile  and  a  half  up  a  river  where  a  portage  of  nearly 
a  nule  leads  into  a  lake  called  Wawagoehe,  and  from  this  a  porta^^  of 
■  quarter  of  a  mile  passes  over  t^e  Height  of  Land  to  the  head  waters 
of  the  Blanche  river.  The  elevation  where  the  line  crosses  the  Height, 
of  Land  is  about  980  feet  above  sea  level  (aneroid).  In  passing  over  Height  of 
^e  portage  into  Wawagoehe  lake,  I  noted  some  comparatively  large 
trees,  especially  spruce  and  poplar.  8ome  of  the  spruce  measured 
nitf-seren  inches  in  circumference,  but  west  of  the  middle  part  of 
Wamgothe  lake  the  forest  is  all  second  growth,  the  country  having 
been  oTerrnn  by  fire  about  thirty  years  ago. 

The  branch  of  the  Blanche  river  which  forms  a  part  of  the  canoe 
nnieua  very  small  stream  near  the  Height  of  Land,  but  at  a  distance 
of  a  mile  and  a  half  it  has  become  twenty  feet  wide  and  six  feet  deep. 
At  a  distsDoe  of  four  miles  it  expands  into  Snake  Tsland  lake,  and  a 
mile  farther  into  Misemikowiab  or  Beaver  House  lake.  Thi^  is  a 
sarrov  deep  lake  extending  west  and  north-west  seven  miles,  with  an 
arm  moning  south  six  miles.  The  shores  are  high  and  rocky,  the  Dioritei  and 
rocks  coDsbtiug  of  massive  diorites  and  schists  with  numerous  small 
quarti  veios  holding  pyrite.  The  rock  itself  contains  considerable 
pyrite  ia  disseminated  grains. 

Stmctaral  lines  which  may  represent  the  strike  run  nearly  east-and- 
"Mt  with  the  dip  ranging  from  75°  to  vertical.  In  places,  however, 
^  lines  run  north-and-south.  A  ridge  of  dolomitic  rock  containing 
uw  forms  a  dam  across  the  south  end  of  the  lake,  causing  a  fall  of 
sbont  fire  feet.  The  branch  of  the  Blanche  river  flowing  eouth  from 
^^  lake  is  &  stream  of  considerable  size,  and  I  was  told  by  the  Indian 
P<ide  that  it  is  twenty  to  twenty-five  miles  loag.  There  is  a  canoe 
'^te  westward  from  Misemikowiab  lake  to  Round  lake,  also  one  lead- 
H  north  across  the  Height  of  Land.  I  followed  the  latter  over  a 
'''"^Bge  of  two  chains  into  a  narrow  lake  one  mile  and  a  half  Ion;;, 
"'^'^  up  a  small  stream  one  mile  long,  two  small  lakes,  a  short  portage 
*"''  ft  lake  two  miles  long  to  the  Height  of  Land  portage.  As  already 
'^"^  OD  Wawagoehe  lake  the  forest  growth  is  all  small,  consisting 
<!Die9y  of  spruce,  canoe-birch,  poplar  and  Banksian  pine,  the  latter 
^at  inches  in  diameter.  This  is  the  character  of  the  forest  growth  Seooad 
™'ae  sooth  end  of  the  Height  of  Land  portage,  where  the  brtd^end^,  ^^ 
■^  ■west  probably  to  Round  lake. 

^  porti^^  of  half  a  mile  crosses  the  Height  of  Land,  then  a  number 
(H  onall  streams  and  lakes  which  form  the  head  waters  of  the  Isabem- 
*(P'*W  river  were  followed  for  over  three  miles.     Here  the  canoe  route 
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learea  tbe  m&in  stream,  which  is  blocked  with  driftwood,  sod  &  portage 
of  two  miles  oonoecta  with  aaother  branch  of  the  river.  This  I 
ascended  for  three  miles,  when  a  Uke  two  miles  long  wu  reached. 
From  near  the  north  end  of  this  lake  a  portage  of  three  miles  is  neces- 
sary to  again  reach  the  Isabemagoasi  river,  which  is  now  flowing  east 
to  Agotawekami  lake,  about  twenty-two  miles  distant  All  the  rocks 
along  this  route  are  Huroaiaii,and  consist  of  greenstone  and  schists,  with 
an  occasional  band  of  chert  and  conglomerate.  The  Utter  was  seen 
<in  the  last  long  portage  one  mile  from  the  south  end  ;  strike  N.  70°  E. 

The  forest  growth  is  generally  heavy  and  was  well  seen  on  the  long 
portages  where  there  are  swampe  densely  wooded  with  tall,  clear  spruce 
ranging  from  six  inches  to  one  foot  in  diameter.  On  the  higher 
ground  the  soil  is  a  deep  clay  loam  and  vc^tation  is  very  luxuriant. 
Mpmce,  twelve  to  twenty  inches  in  diameter  is  common,  and  poplars 
measuring  two  feet  were  seeu ;  canoe-birch  and  other  trees  grow  to  a 
fur  size. 

The  Isabemagussi  river  at  the  north  end  of  the  Three-mile  port^e, 
'"™'  ia  fifty  feet   wide  and  seven  feet  deep,  but  the  marks  on  trees,  etc., 

along  the  banks  show  that  when,  the  ice  b  moving  out,  the  water  is  at 
least  ten  feet  higher  than  at  present,  (July  10).  The  soil  along  its 
banks  is  a  sandy  bluish-gray,  stratified  clay,  resembling  that  found 
everywhere  south  of  Lake  AbitibL  The  water  is  muddy,  but  some  of 
the  numerous  streams  it  receives  are  clear  and  cold.  Very  few  rock 
exposures  are  seen,  but  wherever  they  do  occur  they  thow  the  same 
Hurooian  strata  striking  east-and-west.  From  the  appearance  of  the 
Hoil  and  tbe  luxuriance  of  the  forest  growth  and  vegetation  generally, 
it  is  olear  there  is  a  large  area  of  excellent  land  for  agricultural  pur- 
poses on  this  river  and  ita  branches,  also  considerable  quantities  of 
pulpwood  and  eaw-Iogs. 

I  next  made  an  examioatjon  of  the  country  south  of  Lake  Abitibi, 
going  up  the  rivers  for  that  purpose.  The  first  river  ascended  falls 
into  the  lake  about  twelve  miles  west  of  the  Hudson's  Bay  Company's 
post  It  is  called  Madawanasaga  because  there  are  two  main  branches 
which  meet  near  the  lake.  For  the  first  five  miles  there  are  no  rock 
exposures,  the  banks  being  low  and  in  places  marshy.  The  first  rock 
seen  in  place  is  a  pnrplish-grsy,  rusty  weathering  dolomite,  and  a 
short  distance  farther  up  the  river  there  ia  a  much  altered  greenish 
SerpeniiDa.  rock  which  is  changing  into  serpentine.  A  simitar  rock  was  found 
four  miles  further  south,  and  at  a  rapid  where  I  turned  back  the  ordin 
ary  greenstone  of  the  country  occurs.  This  river  was  surveyed  for 
eleven  miles,  whnn  it  became  too  small  for  canoes,  but  the  guide  said 
it  extends  seven  or  eight  miles  farther  flowing  from  the  south-west 
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The  tieKt  river  th&t  can  be  ascended  by  canoes  enters  the  lake  weab 
of  thelai^  peoiiisata  called  by  Mr.  M.  B.  Baker,  Cauliflower  point. 
The  »ream  he  has  named  Lightning  river,  the  Indian  equivnleot  being 
Animikewabid.  About  eix  miles  from  its  month  the  river  divides  into 
two  bnocbes  of  equal  volume,  but  neither  of  these  can  be  traversed 
for  mm  than  a  mile,  as  they  are  blocked  by  numerous  jams  of  drift- 
nod  md  fallen  treee.  The  branches  extend  ioland  to  the  south-east 
ihmt  Ave  miles.  A  little  over  tvo  miles  from  the  mouth  of  the  river 
there  iaui  exposure  of  greeoatone  holding  pyrite  in  disseminated  grains. 
Seat  the  fork  the  rock  is  the  ordinary  greywacke. 

The  last  river  examined  oa  this  shore  empties  into  the  lake  in  the  Ghost  river. 
anth-Teet  part  and  has  been  named  Ghost  river  by  Mr.  Baker  ;  the 
Indun  Dsme  ia  Manitouakoai.  Thia  river  is  one  hundred  feet  wide 
at  iCa  mouth  and  flows  through  a  flat,  clay  country,  as  far  as 
eiamined,  about  eleven  miles.  It  continues  several  miles  farther, 
fctiiid  through  more  elevated  ground.  It  also  receives  a  large 
bnneh  from  the  west.  The  only  rock  seen  on  this  river  is  a  small 
eipwQre  of  greenstone  at  its  mouth.  Like  the  other  rivers  examined 
OD  chu  shore  of  the  lake,  the  banks  are  composed  of  well  stratified 
chif  which  contains  considerable  quantities  of  sand,  making  the  soil 
a  aody  loam.  Near  the  numerous  streams  this  ia  of  exceUent  quality, 
«nd  from  the  appearance  of  the  ground  as  seen  from  the  snrrouod- 
iag  hills  there  are  large  areas  of  good  soil  throughout  the  whole  district 
There  are  several  hills  rising  to  a  height  of  four  to  five  hundred  feet 
above  the  level  of  Lake  Abitibi  and  one  or  two  probably  higher,  bat 
the  country  generally  is  rolling  and  affords  good  drainage.  Small  Stmiified 
poplar,  spruce  and  fir  are  common  on  the  tower  ground  and  sides  of 
hills,  and  scrubby  Banksian  pine  on  the  top  of  the  hills,  hut  none  of 
these  are  of  much  economic  importance. 

I  next  went  down  the  Abitibi  river,  which  was  examined  as  far  as  Abitibi  Hit 
the  iDteraection  of  Niven's  meridian  line,  below  the  Long  Sault  rapids. 
A  micrometer  survey  was  made  of  it  from  Niven's  line  to  Speight's 
tie  line,  below  the  Iroquois  fall,  thus  connecting  with  the  micrometer 
snrvey  mode  by  Mr.  Speight  from  that  point  eastward  to  Abitibi 
post  ia  1900.  The  flrst  obstruction  is  four  miles  and  a  half  from  the 
lake  at  Couchiching  falls,  where  the  river  passes  over  an  altered 
greeosUme  in  a  succeasion  of  falls  and  rapids,  the  total  descent  being 
■Wt  46  feet  (aneroid).  From  thia  fall  to  the  Iroquois  fall  there  are 
anmerona  exposures  of  rock,  all  of  Hurouian  age,  consiating  of  green- 
Uooe,  chloritic  scbiate,  and  in  one  place  an  impure  dolomite.  These 
^HM  several  rapids,  which  are  passed  by  abort  portages.  The  strike 
iriee  oousiderably,  but  in  a  general  way,  is  nearly  east  and  west.     At 
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the  Iroqnoia  faWa  the  water  has  a  perpendicular  drop  of  15  feet  or 
more,  and  would  make  on  excellent  water  power.  The  rock  here  ia 
massive  greenstone,  which  extends  for  a  mile  and  a  half  below  the 
falls ;  then  for  two  miles  it  ia  mixed  granitti  and  gneiss,  alternating 
ConUct  with  the  more  basic  rocks.     The  contact  between  the  Huronian  and 

Huroniui  and  I-Aurentian  is  evidently  in  this  ricinity,  hut,  as  in  bo  many  other 
Lkurentiui.  places,  there  is  no  sharp  line  separating  them.  For  the  next  five  or 
six  miles  to  Buck  Deer  rapids  occaaiona)  exposures  of  granite  and 
gneiss  were  seen,  striking  N.  70°  to  80'  W.,  dip.  9.  10°  to  20°,  W. 
<50*-70°.  From  the  Buck  Deer  rapids  to  the  head  of  the  Long 
Sault  rapids,  a  distance  of  tweoty-ejgbt  miles,  there  are  no  tock 
exposures,  but  there  M-e  numerous  gneiss  and  granite  boalden  in  the 
bed  of  the  river  and  along  its  banks.  Examinations  were  mode  on 
both  sides  of  the  river,  but  no  rock  was  found.  The  Long  Sanlt 
rapida  are  caused  by  ridges  of  gneiss  which  cross  the  river  at  this 
place,  and  good  exposures  are  seen  for  over  five  miles.  From  this 
point  to  the  crossing  of  Niven's  meridian  line  no  rock  was  seen. 

The  Abitibi  river  for  the  whole  distance  examined  has  low  banks 
of  stratified,  sandy  clay,  rising  above  the  water  level  from  five  to 
twenty-five  feet,  but  in  a  few  places,  as  at  Buck  Deer  rapids,  the 
banks  are  higher  and  somewhat  ragged.  The  soil  close  to  the  river  is 
of  good  quality,  but  bock  some  distance  it  becomes  in  places  wet  and 
swampy.  The  forest  is  composed  of  spruce,  poplar,  balm  of  gilead, 
fir,  cedar  and  numerous  shrubs.  Close  to  the  river  the  trees  are  of  a 
fair  size,  but  soon  become  much  smaller. 


I  was  also  made  of  the  Mistoogo  river,  a  branch  of 
the  AbitibL  It  joins  the  latter  from  the  north  about  ten  miles  above 
the  mouth  of  Black  river.  Less  than  a  mile  from  its  mouth  a  ridge 
of  chloritic  schist,  striking  N.  80°  W.  and  dipping  N.  10°  E.  <  75°, 
causes  a  fall  in  the  river  of  18  feet  (aneroid).  This  schist  contains 
small  veins  of  quartz,  and  Mr.  B.  W.  Colthard  says  that  a  picked 
MistoDgo  sample  assayed  in  gold  $2.20  per  ton.*  The  low  state  of  the  water 
"'^'"  prevented  my  going  far  up  this  river,  and  the  only  rocks  met  with 

were  scbists  and  greenstone  of  Huronian  age.  A  day's  walk  into  the 
woods  showed  large  areas  of  good  soil  covered  with  an  abundant 
vegetation  but  no  rock  exposures. 

The  water  of  Lake  Abitibi  is  muddy  daring  the  whole  summer. 
This  is  true  of  all  the  rivers  flowing  into  it  as  far  as  examined,  and  of 
Abitibi  river.  The  lake  being  very  shallow,  the  whitish  sediment 
carried  down  by  the  rivers  or  washed  from  its  own  clay  banks  does 

*8urvey  siul  Exploration  of  NorCbem  Ontario,  1900,  p.  4S. 
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not  gel  tuD«  to  settle,  as  the  wind  constantly  a)^tatea  it.     This  adds  Mudd;  «Ma. 

i  coogiderablB  element  of  danger  to  canoeiag  on  any  of  these  waters, 

u  it  is  impoaBible  to  see  boulders  or  other  obstructions  if  onl;  a  ff.tr 

inches  below  the  snrface.     By  February  the  water  in  the  lake  becomes 

desr. 

I  aeit  ascended  the  Black  river,  the  largest  branch  of  the  Abitibi,  Bl«cli  river, 
litove  Frederick  House  river.  Its  mouth  is  twenty-nine  miles  below 
the  lake  and  its  water,  being  dark  and  comparatively  free  from  muddy 
sediment,  contrasts  strongly  with  that  of  the  Abitibi.  A  micrometer 
mrvey  was  made  of  this  river  for  forty-nine  miles  and  a  track-purvey 
for  some  distance  farther.  The  river  at  its  mouth  is  about  three  chsins 
vide  with  little  current  and  continues  about  the  same  width  for 
tbont  seventeen  miles  to  the  first  fall.  In  this  distance  only 
t»o  small  exposures  of  rock  are  seen,  both  greenstone  holding  pyrite. 
About  seven  miles  up  the  river  a  stream  enters  from  the  east.  A 
portage  from  near  what  is  called  Old  Woman  rock  on  the  Abitibi 
river,  connects  with  this  branch  passing  through  a  small  lake.  This 
route  is  only  naed  by  Indians  when  hunting,  as  the  portages  are  very 
long.  Nine  miles  from  the  mouth,  the  forest  was  destroyed  by  fire  four  Burnt  wek. 
years  ago,  and  for  about  five  miles  there  is  nothing  standing  but  dry 
stumps  of  trees,  with  an  occasional  clump  of  green  trees  along  the  river 
and  in  swampe.  The  burnt  area  extends  eastward  about  tea  miles, 
bat  I  did  not  learn  how  far  to  the  west. 

The  fall  above  referred  to  is  over  a  massive  greenstone  with 
DUmerous  veinlets  of  quartz  and  disseminated  grains  of  pyrite.  The 
total  descent  here  is  about  fifteen  feet  ajid  the  fall  would  make  an 
excellent  water  power.  A  half-breed  family  named  McDougall  have 
a  neat  bouse  and  small  clearing  at  this  point,  where  they  have  planted 
a  patch  of  potatoes  which  promised  an  abundant  crop.  An  average 
stalk  measured  forty-two  inches  in  length  and  some  of  the  potatoes 
were  quite  Urge. 

The  folbwing  is  a  report  on  eoU  collected  at  the  above  place.  Lati- 
tnde  about  48°  38'  and  Longitude  about  80°  27'. 

'  A  sandy  loam  of  a  dark  gray  colour  and  showing  a  considerable  AnalTaa  o. 
amount  of  vegetable  fibre,  from  frogmenta  of  roots  and  bark  chiefiy.  ^*' 
There  are  no  pebbles  and  the  soil  appears  to  be  in  an  excellent  mecha- 
nical condition,  due  no  doubt  chiefly  to  its  comparatively  speaking, 
large  proportion  of  vegetable  matter. 
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OrRanic  and  volatile  niMter 

Insoluble  reaidue  (clft]' Mid  aand) 

3 

79 

78 
9G 

Lime 

0 

0 

45 

Carbonic  acid,  etc.  (ondetermined) 

oil 

100-68 
0-2S7 

AvaitabU  ConilUrimtt. 

A  determination  of  the  amounts  of  phosphoric  acid,  potash  and  lime, 
soluble  in  a  1-por  cent  aolation  of  citric  acid,  and  consequently  to  be 
considered  as  more  nr  less  immediaielj  available  for  plant  use,  yielded 
the  following  data : — 

P*r  cent. 

Phosphoric  acid 0192 

PoWwh OHS 


This  soil  appears  to  be  very  well  supplied  In  all  the  essential  elements 
of  fertility,  save  phosphoric  acid — which  latter  is  somewhat  below  the 
average^found  in  our  better  and  more  fertile  soils.  In  humus  and 
nitrogen  it  may  be  said  to  be  particularly  rich,  though  no  doabt  much 
of  the  latter  is  not  present  in  a  condition  immediately  available  to 
plante.  Considered  from  the  physical  as  well  as  the  chemical  atand- 
point,  I  should  expect  this  soil  would  prove  one  of  very  fair  produc- 
tiveness,  provided  climatic  conditions  were  favourable. 

FRANK  T.  8HUTT,  M.A.,  F.C.a, 

Chemitt,  Dominion  Experimental  Farm». 

In  ascending  the  river  for  the  next  eighteen  miles,  there  are  many 
exposures )[of^H a ronian  rock,  mostly  massive  greenstone  and  schists. 
These  rocks  are  generally  pjrritoos,  and  they  also  contain  many  small 
veins  of  quartz  and  epidote.  At  the  second  portage  there  is  a  dyke- 
like  mass  of  hornblende  granite  with  green  schists  on  both  sides,  and 
at  the  fifth  portage,  twenty-nine  miles  np  the  river,  there  is  a  mass  of 
greenish  breccia.  These  rocks  frequently  cross  the  river  in  ridges  and 
cause  falls  and  rapids,  necessitating  altogether  eight  portages  in  the 
tirst][ thirty-five  miles.  In  this  distance  the  rise  is  about  150  feet 
(aneroid).  At  the  seventh  portage,  thirty-two  miles  up,  there  is  a  fall 
of  forty-six  feet-,  and  thirty-five  feet  of  this  is  an  almost  perpendicular 
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fall  at  the  head  of  the  portage.  This  oould  be  utiliied  for  a  water 
poirer.  At  the  eighth  portage^  three  milee  farther  up,  the  descent  is 
thirty-five  feet,  the  chief  part  of  chis  beieg  over  a  series  of  cascades  at 
the  upper  end  of  the  portage.  For  seventeen  miles  above  the  eighth 
partage,  the  river  flows  throngh  a  flat  couatry  abowing  few  rock 
eiposnres,  and  there  is  no  further  obstruction  to  navigation  id  that 
distaaoe.  Several  branches  of  coasiderable  size  flow  into  the  main 
stream  in  this  stretofa,  and  the  river  beyond  becomes  gmduall;  smaller. 
Fifty-two  miles  from  its  mouth  where  we  turned  back,  it  is  twenty- 
fire  feet  wide  bat  too  shallow  to  float  an  empty  canoe  (August  39). 
It  was  also  blocked  at  short  intervals  with  fallen  trees.  The  Indiiin 
guide  informed  me  that  the  river  continues  eastward  for  about  fifteen 
miles  with  numerous  branches  ;  also,  that  at  about  half  this  distance 
there  is  a  perpendicular  fall  much  higher  than  any  we  had  passed. 

Near  the  fifty-seoond  mile  I  ascended  a  bare  hill  1 20  feet  high,  from  The  country 
which  an  unobstructed  view  of  the  surrounding  tmuntry  was  obtained,  f^^^  wt,ter*al 
To  the  north,  north-west  and  west,  it  ia  comparatively  level  with  an  Black  rivet, 
occasional  hill  rising  100  feet  above  the  general  surface.  To  the 
Qorth-eaBt,  east  and  south,  the  country  is  much  more  rugged.  There 
are  several  bare  rooky  hills  within  a  radius  of  four  or  five  miles,  while 
in  die  distance,  much  higher  blue  peaks  appear.  AIL  the  rocks  seen  in 
these  hills  are  Huronian  greenstone,  striking  N.  46°  E.,  dip  S.  45°  W. 
<  TO'.  The  forest,  as  seen  from  this  hill,  is  all  second  growth,  except 
an  occasional  clump  of  trees  that  escape  i  the  fire  which  swept  over 
this  rcf^on  thirty  year»  ago.  The  northern  boundary  of  the  burnt 
district  crosaes  the  Black  river  about  thirty-three  miles  from  its 
mouth,  and  extends  southward  beyond  the  Height-of-Laod  and  east- 
ward close  to  the  head  waters  of  the  Isabemagussi  river,  and,  I  pre- 
aome,  coonecta  with  a  similar  second  growth  already  mentioned  ag 
occurring  on  Uisemikowish  lake  and  vicinity.  The  Indians  did  not 
know  how  far  the  burnt  area  reached  to  the  west,  but  said  it  was  a 
long  distance.  Canoe-birch  and  poplar,  from  one  to  four  indies  la 
diameter,  are  most  common,  while  small  spruce,  fir  and  many  shrubs 
are  abundant^  with  fionksian  pine  on  the  rooky  hills  and  sandy  ridges. 
Along  the  Black  river  the  areas  which  eaoaped  the  fires  are  covered  by 
a  heavy  growth  of  spruce  and  poplar,  whioh  will  yield  a  large  quantity 
of  saw-logs  and  pulpwood.  The  soil  along  the  river  is  a  clay  loam  of  G«xl  aoH 
excellent  quaUty,  and  as  far  as  could  be  learnt,  it  extends  over  portions 
of  the  lower  part  of  the  whole  district.  There  are,  however,  many 
swampe  and  sand  plains. 

Tba  route  south  to  Round  lake  leaves  the  Block  river  forty-one  Roum  tu 
miles  from  its  mouth   and    follows  a  winding  branch,  White  Clay 
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river,  to  K^k^kwabik  lake  and  thence  to  the  Height-of-Land  through 
email  atreams,  lakes  and  portages.  The  stream,  which  I  have  called 
White  Clay  river,  is  known  bj  a  long  Indian  name  which  means  'flow- 
ing through  white  clay.'  The  name  is  very  appropriate,  as  the  soil 
is  composed  of  a  whitish  clay,  mixed  with  a  lai^e  quantity  of  sand. 
Three  miles  from  Black  river  there  is  a  fall  of  twenty  feet  over  green- 
stone dipping  8.  80"  E.  <10°-15'.  The  fall  is  passed  by  a  short 
portage  on  the  weat  sida  There  are  two  more  portages  before  reaching 
K^k^kwabik  lake  with  ezpoanreH  of  rock  of  Huronian  age.  This  lake 
14  six  miles  south  of  Black  river,  in  a  straight  line,  but  following  the 
Breccia  Kinuosities  of  the  stream,  it  is  more  than  eight  miles.   On  the  west  shore 

^^  '  I  if  this  lake  there  is  a  steep  rock  composed    of  breccia-conglomerate. 

'J'be  matrix  ia  of  a  dark  green  colour  and  the  pebbles  are  granite,  quarts 
II  nd  many  small  fragments  much  resembling  the  mass  of  the  rock. 
They  are  angular,  sub-angular  and  rounded,  and  vary  from  the  size 
of  a  pea  to  20  inches  in  diameter.  Nearly  half  a  mile  south  of  the 
steep  roek  above  referred  to,  a  reddisb-brown  breccia-conglomerate 
occurs,  and  this  gradually  merges  into  the  more  common  greenish 
variety.  On  the  east  shore  near  the  north  end.  the  ordinary  greenstone 
is  seen  and  a  little  to  the  south,  a  beautiful  quartzite  or  arkose  rock 
occurs,  and  near  the  south  end  of  the  lake  there  is  a  reddish  coarse 
felapathic  agglomerate.  On  a  small  lake  a  few  chaiua  west  of 
Kdk^kwabik  lake  and  parallel  to  it,  breccia-conglomerate  again 
occurs  similar  to  that  already  described  at  the  steep  rock.  The  dip 
is  N.  70°  W.  at  a  high  angle.  On  a  small  lake,  a  mile  to  the  east, 
there  is  an  exposure  of  a  very  fine  black  fissile  slate.  Strike  N.W.,  dip 
vertical.  Continuing  south,  the  river  for  about  a  mile  is  deep  and 
sluggish  flowing  through  a  marsh.  Here  a  stream  enters  from  the  west 
draining  Swan  and  Onll  lakes.  To  the  south  the  stream  was  so  small  at 
1  hat  season  (Sept.)  that  we  had  to  carry  the  canoes  and  luggage  most 
BUbchc  river.  "^  ^^  ""^7  ^  ^^^  Height-of-Land.  After  crossing  three  portages  and 
I  wo  small  lakes,  a  branch  of  the  Blanche  river,  flowing  from  Saaakinaka 
l;i.ke  was  reached.  I  followed  this  stream  to  Kinogami  lake  and  thence 
io  Round  lake,  making  a  track-survey  to  the  former  and  a  micrometer 
survey  of  the  remaining  distance.  Between  K^k^kwabik  lake  and 
Kinogami,  the  rocks  are  all  Huronian  greenstones,  schists  and  slates 
striking  nearly  east-and-west.  The  soil  ia  poor,  except  some  small 
areas  along  the  river,  and  the  forest  growth  is  valueless  from  an 
economic  standpoint,  as  it  is  all  small  second  growth.  Kinogami 
lake  is  over  five  miles  long  and  one  mite  broad,  Huronian  rocks, 
consisting  of  a  fine-gnuned  greenstone,  breccia-conglomerate  and  red- 
Kinogami  dish  qoartzite,  are  seen  at  different  points  along  its  shores.  Five  miles 
lake.  g^t^  Qf  Kinogami  lake,  in  &  straight  line,  or  seven  and  a  half  by  the  river. 
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at  the  first  portage,  there  is  aa  expoaureof  oonglomeratecotitaiDing  jasper 
pebbles.  There  is  also  a  band  of  dolomite  iifteen  inches  wide,  holding  a 
considerable  qnantity  of  iron.  Strike  N.  75°  E.,  dip  vertical.  A  mile  and  a 
half  farther  down  there  is  a  lake  a  mile  long  knowD  as  Kapikokonaka 
like.  From  this  a  portage  of  nearly  a  loile  in  necessary  to  avoid  rapids 
sod  beyond  this  there  is  no  further  obstruction,  except  from  fallen  trees 
4nd  driftwood.  Three  miles  and  a  half  north  of  Round  lake,  in  a 
>tnught  line,  there  is  an  expoeure  of  a  hard  reddish  ayenitic  rock  com- 
posed chiefly  of  felspar  and  hornblende  ;  the  same  rock  is  seen  at 
several  places  farther  down  the  river  and  the  last  outcrop  is  only  a  Syanitic  rock. 
short  distance  above  the  lake.  The  dip  is  8.  1 0°  K  <  60°.  The  river 
where  it  eaters  Round  lake  is  a  chain  wide,  and  the  lower  part  is  com- 
paratively stnught  with  clay  banks  and  seme  good  land. 

I  returned  to  the  northern  part  of  Otto  township  and  made  a 
track-survey  of  a  small  winding  river  flowing  into  the  Blanche,  seven 
miles  north  of  Bound  lake.  This  stream  drains  a  large  number  of 
lakes;  the  largest,  called  Anikojigami,  is  four  miles  from  ibs  mouth. 
The  rocks  up  to  this  lake  are  greenstone  and  breccia-conglomerate, 
holding  jasper  pebbles.  The  latter  rock  is  well  spen  at  the  fourth  and  Jaepec 
fifth  portages,  where  the  matrix  is  of  the  ordinary  dark-green  colour  and 
the  pebbles  are  abundant  and  varied,  being  mostly  well  rounded.  In 
fact  rome  oF  the  rock  is  composed  chiefly  of  pebbles,  with  just  enough 
of  the  matrix  to  hold  them  together.  The  pebbles  consist  of  granite, 
qnartzite,  greenstone  and  jasper.  On  one  small  surface  I  counted 
seven  jasper  pebbles  some  two  inches  in  diameter.  The  strike  is  N. 
SO'  E, ;  dip  vertical.  The  hills  rise  to  a  considerable  height  on  both 
sides  of  this  river,  but  slope  gradually  back.  The  banks,  where  not 
rocky,  are  composed  of  a  whitish  sandy  clay.  Anikojigami  lake,  as 
its  name  implies,  is  a  collection  of  lakes  joined  together  by  narrow 
passages.  It  is  more  than  Mght  miles  long,  with  narrow  wiudins 
anna.  The  shores  are  usually  high  and  rocky,  with  a  stunted  second 
growth  of  poplar,  oanoe-biroh,  Banksiaa  pine,  etc  The  rocks  are  the 
ordiiiaTy  Huronian  greenstone  and  sobiBts,  as  are  alt  those  on  a 
nimher  of  small  lakes  to  the  east  and  north.  Eastward  there  is  a 
onoe  route  to  Biisemikowi^  lake,  which  I  followed  four  miles, 
making  a  track-survey.  The  last  lake  examined  on  this  route  is 
(ailed  Eaminamekoka,  and  is  a  beautifal  sheet  of  water  over  two 
mile«  long.  The  height  of.  land  is  one  mite  and  a  quarter  directly  Hwo-btof 
north  of  Anikojigami  lake,  where  there  is  a  small  lake  from  which  *° 
the  water  flows  both  north  and  south.  We  followed  the  stream  flow 
ing  north  to  Kawanaska  lake,  from  which  a  stream  flows  directly  to 

Black  river. 
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Coming  back  to  the  sonthern  part  of  Anikojigami  lake,  a  caaoe 
route  was  surveyed  to  the  west,  coming  out  where  we  firbl  reached 
the  Blanche  river  on  our  way  to  Round  lake.     There  are  four  lakes 

j'^akinaka  qq  jj^jg  fogje  ^ad  as  many  portagea.  The  largest  lake,  called  Sasa- 
ktnaka,  is  three  and  a  half  miles  Ion;;  and  full  of  islands  clustered 
together.  On  the  first  small  lake  west  of  Anikojigami  there  is  an 
outcrop  of  'a  granitic  rock,  and  exposures  of  the  same  rock  occnr  for 
nearly  two  miles  west.  The  strike  is  N.  70*  E.  Hnronian  rocks 
are  found  eUswhere  on  this  route.  Some  areas  have  escaped  the  fire 
of  thirty  years  ago  and  these  are  covered  with  a  heavy  growth  of 
spruce,  poplar,  canoe-bircb,  fir,  red  pine  and  red  maple  (Acer  rubrum). 
Thb  is  the  only  place  I  have  seen  the  red  maple  in  the  whole  district. 
I  returned  to  Abitibi  post  and  spent  some  time  in  trying  to  make 
an  examination  of  the  north  Bhore  of  Lake  Abitibi  and  the  rivers 
flowing  into  it  from  that  nide,  but  owing  to  heavy  storms  and  high 
wiiidx,  I  found  it  impossible  to  accomplish  much.  This  shore  has, 
however,  been  examined  and  well  described  by  Mr.  Walter  McOaaL*^ 
of  this  Survey  and  others. t 

ladian  relics  On  Lower  Lake  Abitibi,  at  the  east  end  of  the  portage,  across  the 
peninsula  from  the  south,  I  found  a  number  of  interesting  lad'.in 
relics.  They  were  lyin^  on  t~e  sandy  beach,  covered  at  ordinary 
high  water,  and  consisted  of  several  pieces  of  pottery,  showing  five  or 
six  different  patterns  of  ornamentation,  part  of  an  arrow  bead,  several 
knives  and  scrapers,  gun  flints,  a  stone  axe  and  numerous  flint  chips. 
The  pottery  seems  to  have  been  made  from  Uie  clay  and  sand  con- 
tained in  the  bank  at  this  point.  Close  to  the  bank  there  are  hard 
baked,  irregular  masses  four  or  five  inches  thick  which  seem  to  be  of 
the  same  uiaterial  as  the  pottery.  Stone  knives  and  scrapers  were 
also  found  on  Black  river  at  the  mouth  of  White  Clay  river  and  on  a 
point  in  the  southern  part  of  Agotawekami  lake,  and  a  perfect  arrow 
head  on  Kapikokonaka  lake,  in  Otto  township. 

(itaciatioQ.  The  whole  country  examined  shows  evidence  of  heavy  glaciation. 

This  is  seen  in  the  transportation  of  boulders,  the  general  rounded 
appearance  of  the  hills,  and  eapeoialljr  In  the  smooth,  polished  and 
striated  rock  surfaces  so  frequently  met  with.  The  tatter  are  best  seen 
in  the  lakes,  on  the  shores  of  islands  and  ou  rock  exposures  in  the  rivers 
at  or  near  water  level.  When  the  rock  Ss  wholly  exposed  to  atmos- 
pheric action  the  surface  has  been  so  changed  l^  weathering  that- 
strin  are  rarely  preserved,  but  when  the  suirfaoe  is  covered  for  a  por- 
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tkin  <tf  the  ye&r,  the  glacial  groovM  and  lines  are  very  distiiict.  There 
ue  tvo  gHDeral  counes.  The  latest,  which  is  by  far  the  most  oom- 
moD,  varies  from  S.  to  8.  20°  E.  ast  and  an  older  set  nminng  from  S. 
It0°  W.  to  8.  35°  W.  aat.  That  the  direction  of  the  ice  movement  was 
Erom  north  to  eouth  over  the  Heigh t-of -Land,  there  is  most  conclusive 
eridenae.  The  atossing  is  invariably  on  the  north  side,  as  is  well  seen 
on  the  islands  in  AUtibi  and  many  other  lakes.  Many  botF-colonred 
limestone  boulders,  similar  in  composition  and  colour  to  the  rock  occar- 
riog  north  of  the  Sextant  rapid,  sixty  miles  from  Moose  Factory,  were 
foDiid  on  Lake  Abitibi,  and  also  at  the  Long  Saalt  rapids.  These 
bonklerB  contain  typical  Devonian  corals  and  they  were  evidently  car-  Boulders 
tied  by  the  ice  from  the  above  meotioned  Devooian  strata.  Devoniao 

The  whole  conotry  examined  is  frequented  by  fur-bearing  animals, 
vhioh  form  a  means  of  livelihood  for  the  Indians.  Each  Indian  has 
hit  OWQ  hanting-^'round  and  it  is  said  they  are  carefnl  not  to  trespass 
«  each  other's  property.  A  good  hunter  will  secnre  furs  to  the  value 
of  two  in  one  winter,  but  many  do  not  exceed  (200.  The  animals  Game. 
hnDtad  sre  moo«,  caribou,  Yirginia  deer,  bear,  fox,  wolf,  muskrat, 
nmteo,  lynx,  ott«r,  weasel,  heaver,  mink,  ermine,  skunk,  porcupine, 
GbW,  snd  rabbit.  Moose  were  very  plentiful  about  the  head  waters  of 
the  Blanche  and  Black  rivers,  especially  the  former.  Freeh  tracks 
•ere  frequently  seen  in  the  soft  mud  along  the  streams  and  their  paths 
were  ixmmon  and  well  beaten  through  the  bush.  The  Indians  say 
tint  the  wolves  are  increasing  alarmingly  fast,  and  they  fear  if  their 
npid  increoBe  is  not  checked  they  will  exterminate  the  deer  and  other 
uiiiiuls.  They  are  sometimes  successful  in  their  attacks  on  the  moose, 
npraolly  tbe  youug  ones.  Fish  of  various  kinds  are  numerous  in 
all  tbe  lakes  and  rivers,  and  many  species  of  birds  were  seen  during 
the  summer. 

hom  my  observations  in  this  district,  I  am  couvinced  that  there  are  Kith  igricnl- 
VgB  sreas  of  agricultural  land  of  excellent  quality,  especially  in  the 
river  valleys,  the  soil  being  in  most  cases  a  clay  loam,  free  from  stones 
udetsily  cleare<].  The  climatic  conditions  also  seem  favourable  for 
brming  operations,  and  thoEO  would  improve  with  the  clearing  and 
drainsge  of  the  land.  Out  of  a  collection  of  nearly  seventy  species  of 
plants  from  this  district.  Professor  Macoua  says  there  is  ooly  one  which 
indicates  a  cold  climate  and  that  was  found  in  a  peaty  swamp.  When 
it  is  remembered  that  Lake  Abitibi  is  farther  south  than  the 
uathera  boundary  of  Manitoba  it  will  be  seen  that  there  is  nothing 
in  the  latitude  to  prevent  the  successful  cultivation  of  the  soil,  and  Clinutc. 
farther,  it  baa  been  pr<ictical]y  proved  for  many  years  that  vegetables 
of  all  kinds  can  be  sucoessf  ally  grown  at  Abitibi  post. 
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In  the  ooUection  of  plants  above  referred  to,  there  ia  ft  black-fratted 
Cnetftgua,  which  ia  probftbl;  a.  new  apecies. 

Roapberriea  ftod  blueberries  were  frequently  met  with,  though  they 
are  not  plentiful.  High  bush  onmberries  are  common  along  the 
■treoms,  and  tlie  Indians  report  several  bc^  where  low  bush  cntn- 
berriea  ore  abundant.  The  tamarack  is  everTwhere  dead,  and  though 
an  occasional  tree  has  a  few  green  leaves,  I  did  not  see  a  vigorons  one 
the  whole  Bummer.  In  certain  localities  a  considerable  peraentage  of 
the  spruce  is  also  decaying,  and  I  noted  many  cedars  with  the  foliage 
from  one-third  to  one-balf  dead. 

Mr.  Skene  gave  me  the  foUowing  dates  as  the  opeuiog  and  clonng 
of  Lake  Abitibi : 


Openinft. 
1898,  April  11. 


1900 
1901 


11: 


October  28. 
November  11. 
11. 
(Not  received.) 

s  on  September  '25. 


The  first  frost  at  the  post  this  fall  (1901)  ^ 

I  may  state  that  Ur.  T.  A.  Davie*,  who  accompanied  me  the  whole 

summer  as  assistant,  did  his  work  in  a  very  efficient  and  satisfactory 


I  have  to  thank  Mr.  O.  B.  Taylor,  Mattawa;  Hr.  B.  M.  Miller,  Ville 
Marie,  and  Mr.  Robert  Skene,  officers  of  the  Hudson's  Bay  Company, 
for  much  valuable  assistance  and  many  kindnesses,  especially  Mr. 
Skene,  who  did  everything  in  his  power  to  aid  me  in  my  work. 


Eastbrm  Past  c 


'  THE  Abitibi  Heoion, 


Mr.  J.  F.  E.  Johniton. 

In  accordance  with  your  instructions  I  left  Ottawa  on  June  10,  and 
proceeded  in  company  with  Mr,  W.  J.  Wilson  to  the  Hudson's  Bay 
Company's  post  on  Lake  Abitibi,  this  point  having  been  decided  upon 
as  the  best  depot  from  which  to  make  a  geological  and  topographical 
examination  of  that  portion  of  the  country  lying  to  the  east  of  the 
regular  Hudson's  Bay  Company's  route  from  Lac  des  Qutnzes  to 
Abitibi,  northward  to  latitude  48°  4S',  and  ea«t  and  south  as  far  as 
could  be  got  over  in  the  time  available. 
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The  po«t  was  reached  on  Snnday,  Jane  23,  uid  the  following  day 
wu  eptint  in  arranging  outfit,  secaring  gaidea,  &c.  One  of  the  man 
hired  to  help  na  to  get  oar  oatfit  in  from  Quinze  lake  to  Abitibi  and 
who  had  been  over  a  considembie  portion  of  the  coantry  to  be  exftmined, 
wu  eitgaged  to  act  as  guide  and  oanoeman.  He  fonnd,  however,  ^at 
he  would  be  an&ble  to  join  na  for  eight  or  ten  davs.  Aooordinglf ,  < 
(be  next  day,  with  Mr.  H.  F.  Lambart,  of  Ottawa,  as  aaeistant,  and 
one  Indian,  I  left  for  a  short  aide  trip  to  Agotawekami  lake,  to  examine 
■07  brooks  entering  on  tbe  east  aide  with  a  view  to  finding  a  praotio- 
4ble  route  into  the  lakea  which  had  been  already  surveyed  by  Mr.  John 
Kgnell,  P.LkS.,  of  Qaebec,  on  the  south-eastern  side  of  the  height  of 
Und.  A  good  sized  brook,  coming  in  one-third  of  tbe  way  down,  was 
ucended  to  a  point  where  it  was  fonnd  to  be  completely  blocked  with 
Uleo  timber,  and  had  to  be  abandoned.  I  then  struck  across  through 
tbe  hmk  to  the  height  of  land,  bat  did  not  find  any  way  to  get 
through  with  a  canoe,  nor  were  any  rook  exposnres  encoantered. 
The  timber  consisted  principally  of  excellent  white  spruce  and  poplar,  Tiraber. 
the  former  having  an  averse  diameter  of  from  nine  to  eighteen  inches, 
while  some  of  the  latter  was  large,  a  few  of  the  trees  having  a  thick- 
nm  of  two  feet  near  tbe  butt. 

We  then  returned  to  Abitibi  to  meet  the  guide  and,  although  we 
waited  a  couple  of  days  over  the  time  agreed  upon,  he  failed  to  appear, 
Wc^  therefore,  secured  a  small  bark  canoe  and  two  Indian  boys  (it 
being  impOBsible  to  persuade  any  of  the  men  to  come)  and  started  up 
the  Amikitik  or  Whitefiah  river  which  enters  Lake  Abitibi  at  its 
north-east  comer  about  four  miles  and  a  half  from  the  Hudson's  Bay 
Company's  poet.  As  this  trip  was  to  be  over  entirely  new  ground,  a 
micrometer  survey  was  made  ot  tbe  stream  and  of  a  good  sized  lake 
drained  by  it.  The  lake  is  situated  about  twenty-eight  miles  from  the 
mouth  oi  the  stream. 

Whitefiah  river  ia  a  sluggish,  dirty  brown  stream  five  chains  in  width  Whitefiih 
at  tti  month  and  varying  from  three  to  flVe  chains,  ap  to  Makamik  """*' 
lake  at  ite  head.  It  ia  about  twenty-five  feet  deep  at  seven  miles  from 
its  moath  and  fifteen  feet  at  two  miles  below  the  lake.  It  b  fed  by 
nnmerous  good  sized  creeks  and  flows  through  a  flat  country.  The 
■Wesare  thickly  wooded  and  low,  and  the  soil  along  its  banks  is  a 
good  clay  loam.  In  ascending  the  river,  the  first  break  in  the  smooth 
water  ooonrs  twelve  milee  up,  where  there  is  a  chute  and  rapid  with  a 
total  fall  ei  about  thirteen  feet  Three-quarters  of  a  mile  further,  ^ere 
>■  a  alight  rapid  falling  one  foot  and  in  less  than  a  quarter  of  a  mile 
■notber  chute  and  rapid  occur  with  a  fall  of  fifteen  feet.  Four  miles 
ud  a  quarter  further  on  we  oame  to  the  biggest  rapid  and  chute  on 
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tbe  river  with  a  faJI  d  thirty  feet.  Two  other  smftll  rapids  occur  within 
the  next  three  miles  euuI  a  haJf,  with  a  total  fall  of  aboat  four  feet  and 
from  this  to  the  lake  is  dead  water. 

lIuroniML  The  first  rock  exposure  met  with  on  tbe  Whitefish  river  occurs  two 

miles  from  Abitibi  lake  and  consists  of  Harooian  biotite  schist.  Three 
miles  higher  up  is  a  small  exposure  of  biotite  gneiss  and  from  there  till 
Makamiklake  is  reached,  the  only  rooks  met  with  are  alt«red  diabases 
and  mica  and  chloritio  schists,  striking  in  a  general  way,  about  east  and 
west.  Ancient  glacial  action  is  very  erident  along  the  river  and  the 
s trite  are  well  defined. 

M&ksmik  Makamik  lake,  at  tbe  head  of  this  river,  is  approximately  six  miles 

and  a  half  in  its  greatest  length  and  its  extreme  width  is  abont  six 
miles.  In  general  direction  it  lies  nearly  north  and  south  \vitb  one 
large  bay  to  the  west  and  two  bo  tbe  ea.<t.  The  water  is  ver;  shallow 
and  although  we  sounded  it  in  a  good  many  places,  the  greatest  depth 
we  found  was  five  and  a  half  feet  with  clay  bottom  and  the  high  water 
mark  is  only  three  feet  above  this.  The  shores  are  heavily  wooded 
with  white  spruce,  white  and  black  poplar,  balsam,  white  birch,  a  few 
black  ash  and  near  the  water  some  excellent  cedar. 

It  is  fed  by  three  fair  sized  streamB,  one  of  which  enters  th»  lake  at 
the  extreme  southern  end  (which  we  afterwards  ascended)  and  two 
Others  coming  in  close  together  on  the  eastern  shore.  The  two  latter 
are  about  100  and  150  feet  in  width  respectively  and  possibly  are  two 
mouths  of  the  same  river.  There  is  also  another  brook  entering  the 
lake  on  the  western  shore,  called  by  tbe  Indians  Ogsssassan  ;  we  exam- 

(leneraloo-jrae  ined  tbis  brook  later  on.     Whitefish  river,  the  outlet,  leaves  the  labe 

river.  '^I'  i*^  most  northerly  point  and  flows,  in  a  general  way  north-west  for 

fifteen  miles,  then  swings  round  and  Sows  in  a  southerly  direction  to 
Lake  AbitibL  The  rooks  on  the  northern  shore  of  Makamik  lake 
resemble  those  on  Whitefish  river,  but  on  the  southern  Mde  we  found 
altered  granite,  biotite  schist,  granite  and  gabbro.  The  general  strike 
is  from  about  east-and-west  to  north-east  and  south-weet  with  a 
northerly  and  a  north-easterly  dip  respectively.  Most  of  the  rocks  are 
well  striated. 

Guideadesert.  The  moTning  after  completing  the  survey  and  examination  of  Maka- 
mik lake,  we  found  on  awakening  that  tbe  two  Indian  boys  bad  left 
daring  the  night,  taking  the  bark  canoe  and  leaving  us  with  one  shal- 
low 17  foot  canoe  to  carry  our  whole  ou^t  and  three  men.  This  of 
course  prevented  me  from  doing  any  further  micrometer  work,  but  as 
it  was  very  desirable  to  reach  the  head  waters  of  the  Whitefish  river 
i^  was  decided  to  ascend  tbe  stream  entering  at  the  south  end.   A  time 
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tnrene  mu  made  of  this  river  and  the  lakes  at  its  head,  carefully 
checked  bj  ostroDomical  observations  for  latitude.  The  magnetic 
nriklion  was  also  obaerved  aa  frequently  as  possible. 

In  Moendiog  this  rirer,  which  is  about  three  chains  vide  at  the 
moQili,  we  travelled  almost  directly  south  for  nearly  seven  miles,  sonth- 
euterly  for  oiae  miles,  when  we  swung  round  and  travelled  a  little  south 
of  west  for  over  twtwnilea.  This  brought  us  to  the  next  lake,  which  is 
KDtered  abont  the  middle  of  its  north  shore.  At  the  mouth  of  the  river  Feat  bog. 
betveen  Makamik  lake  and  this  one,  there  is  a  peat  bog,  but  its  extent 
bamoll.  The  river  maintains  the  same  width  approximately,  to  within 
aboat  three  miles  of  the  lake,  when  it  gradually  widens  to  about  seven 
ohsins,  narrowing  again  to  about  three  chains  where  it  leaves  the  lake. 
The  water  is  very  muddy  at  the  mouth,  but  gradually  becomes  leas  so 
bigher  up  and  at  the  head  it  is  comparatively  clear.  The  bottom  is 
clsy  and  the  soil  on  either  side  clay  loam.  The  shores  are  well  wooded 
with  white  spruce,  white  and  black  poplar,  bal.'am,  tamarack  and  black 
asb  sad  a  good  deal  of  Banksian  pineT 

Several  brooks  enter  on  either  side,  but  they  are  all  so  choked  ap 
with  fallen  timber  that  it  would  be  impossible  to  go  up  them  in  a  oanoe. 
The  first  rapid  occurred  about  seven  miles  and  three  quarters  from  the 
month.  Itwasabontnineohainslongandhadafall  of  twelve  feet.  Here  Expoaoie  of 
there  is  an  ezpoeure  of  massive  gray  granite,  well  striated,  and  the^j^^*™^ 
nine  rock  is  seen  at  the  next  two  rapids,  the  Sret  of  which  is  a  little 
over  a  quarter  of  a  mile  farther  up,  falling  about  five  feet  and  the 
second  seven  chains  further  still,  with  a  f  idl  of  fifteen  feet.  One  mile  and 
a  qaarter  more  brought  us  to  a  fourth  rapid  falling  about  six  feet 
sod  here  the  rook,  which  ia  very  much  disturbed,  is  an  altered  diabase. 
One  more  rapid  has  to  be  passed  before  reaching  the  lake  and  this  is  the 
one  of  greatest  fall.  It  is  about  two  miles  and  three-quarters  above  the 
last  mentioned,  and  consists  of  a  chut«  and  a  rapid  about  sixteen  chains 
loDg  with  a  fall,  according  to  the  aneroid,  of  thirty-five  feet.  The  same 
altered  diabase  crops  ont  again  here.  For  the  last  three  miles  before 
reaching  the  lake,  the  shores  are  very  marshy,  covered  with  alder  in 
places,  and  occasionally  running  back  into  tamarack  swamps.  Just 
before  reaching  the  lake,  however,  the  shores  become  tree-covered  to  the 
water's  edge  and  the  river  narrows  again.  Our  progress  up  this  river 
vu  somewhat  slow,  as  all  oar  portages  had  to  be  cut  out  and,  having 
only  one  lodian  and  my  asaiatant,  this  took  considerable  time. 

The  l^e  at  tbe  head  of  this  river  is  a  very  pretty  one.  It  is  about 
two  miles  and  a  quarter  long,  half  a  mile  wide,  and  lies  almost  exactly 
east-ood-west.  The  extreme  western  end  and  the  extreme  eastern 
where  the  inlet  occurs,  are  somewhat  marshy,  but  the  shores  of  the 
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rest  ot  the  lake  are  wooded  to  the  water's  ed^  with  white  spruos,  white 
and  balsam  poplar  and  oedar.  To  the  west  and  Bonth-weat  the  ground 
begins  to  rise  almost  from  the  water's  edge,  np  into  the  low  hills  for- 
ming the  hei^t  of  land.  The  depth  is  tea  to  twelve  feet  and  altered 
diabases,  striking  in  a  general  way  east-and-west,  are  the  only  rooks 
met  with,  except  on  a  small  island,  a  quarter  of  a  mile  from  the  iolet, 
where  a  volcanic  breccia  is  exposed  containing  slate  pebbles,  pyrite  and 
a  pseudomorph  probabl;  siderite  after  pyrite.       ** 

Ascending  the  inlet,  it  gradually  widens  out  into  another  lake  of  a 
marshy  character  for  the  first  mile.  It  is  on  the  same  level  as  the 
last  lake,  and  beyond  the  marsh  it  is  a  beautiful  sheet  of  water  with 
a  total  length  of  about  eight  miles  and  a  half  and  an  average  width  of 
from  half  a  mile  to  a  mile.  Looking  np  the  lake  from  its  outlet  the 
main  axis  would  be  a  little  south  of  east  for  seven  miles,  when  it 
turns  sharply  to  tbe  north,  in  which  direotion  it  oonfcinues  for  a  mile 
and  a  half  further.  About  the  middle  it  narrows  to  a  quarter  of  a 
mile  and  is  stndded  with  islands,  some  seventy  in  number.  Nearly 
every  point  on  the  lake  shows  rock  exposure.  The  water  is  dark  in 
c(^ur  but  >iot  muddy,  and  tbe  average  depth  is  about  sixteen  feet. 
As  I  was  unable  to  find  any  Indian  at  Abitibi  who  knew  these  waters 
and  consequently  could  get  no  name  for  tbem,  we  called  the  lake  for 
descriptive  purposes,  Lake  Lois, 

There  is  an  exposure  of  breccia  near  the  western  end,  and  all  the 
other  rocks  seen  are  altered  diabases  and  greenstones.  The  rock  is 
everywhere  rounded  by  glacial  action  and  well  striated.  The  strike 
vanes  from  about  north-east  and  south-west  to  east-and-west.  The 
shores  are  well  wooded  with  the  same  timber  we  hod  seen  all  along. 
Two  creeks  enter  the  lake  at  ita  eastern  end  and  both  of  these  were 
examined  as  for  up  as  we  oould  get,  but  a  mile  or  so  from  the  mouth 
of  each,  the  water  was  found  to  become  very  shallow  and  the  brooks 
choked  with  alder  bushes  and  fallen  timber.  We  then  followed  their 
courses  by  walking  through  the  bush  to  see  if  there  were  any  more 
lakes  on  this  route,  but  they  both  seemed  to  rise  merely  in  marshes 
or  swamps.  A  quarter  of  a  mile  north  of  the  long  northerly  arm,  at 
the  east  end  of  Lake  Lois,  another  small  lake  was  found.  Its  longer 
axis  trends  north-east  and  south-west ;  it  is  a  mile  and  a  half  long 
and  one-eighth  to  one-quarter  of  a  mile  wide.  A  portage  was  cut  to 
the  lake,  of  which  a  traverse  was  made.  The  rocks  and  the  timber 
on  this  lake  resemble  those  on  Lake  Lois.  It  is  ten  feet  higher  than 
the  latter  lake  and  its  outlet,  which  is  at  the  north  end,  is  a  very 
small  brook  running  in  the  opposite  direction  from  Lake  Lois.  This 
satisfied  me  that  Lake  Lois  is  the  source  of  the  river  emptying  into 
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Hakamik  lake  and  is  consequently  one  of  the  h«ftd  waUre  of  White- 
fish  river.  We  now  returned  to  Abitibi  post  over  the  s&me  route  by  ?lJ^''"  t 
which  we  oam^  and  on  our  way  examined  Ogassaaan  brook,  already 
mentioned,  for  a  couple  of  miles,  when  it  became  completely  choked 
with  wood.  Une  mile  and  a  quarter  from  it«  mouth  there  is  a  chute 
falling  three  feet,  and  here  chloritic  schist,  striking  southeast,  is 
exposed. 

We  reached  the  poat  on  the  evening  of  August  5,  and  as  Mr. 
Wilson  and  myself  had  agreed  to  meet  August  15,  to  arrange  about 
gWDg  out  together  at  the  end  of  the  season,  I  decided  to  use  the 
interval  in  again  trying  to  find  a  route  into  the  lakee  on  the  south- 
eastern side  of  the  height  of  land.  Two  or  three  days  were  lost  by 
veiy  bad  weather,  but  on  the  9th  we  went  up  to  Agotawekami  lake 
sad,  after  a  careful  search  along  the  east  shore  we  found  a  brook 
«Hiung  in  about  four  milee  above  the  one  we  had  tried  previously, 
and  this  proved  to  be  the  route  required.  It  is  rather  difBcult  to 
find,  as  the  mouth  is  hidden  ia  marsh,  and  at  twelve  chains  up,  the 
brook  widens  out  again  into  a  very  shallow  marsh,  in  which  the  water 
was  BO  low  that  we  had  to  pull  the  oanoe  through  by  wading.  We 
fallowed  a  number  of  sections  of  this  brock  alternating  with  marshes,  ^Tfit'^^ 
portages  and  small  lakes  till  we  crossed  the  height  of  land  into  Lake 
Kajakanlkamak,  which  is  practically  at  the  same  level  as  the  last  lake 
on  the  Hudson  bay  side  of  the  watershed.  This  lake  is  about  one 
mile  and  three-qoartera  long  in  a  general  south-easterly  direction 
from  the  end  of  the  portage,  and  about  one-eighth  of  a  mile  wide.  A 
couple  of  expoeures  of  greywacke  were  seen  and  about  half  way  down, 
one  of  conglomemte.  On  completing  the  examination  of  this  lake  I 
returned  to  Abitibi  to  meet  Mr.  Wilson,  and  having  arranged  with 
him  to  meet  again  at  Kloi^k's  depot  on  Quinze  lake  on  October  15, 
I  started  back  to  Kajanikamak  and  continued  the  exploration  to  the 
eastward. 

"Hie  lakes  in  this  part  to  the  east  and  south  had  been  already  sur-  ^'^^^ 
veyed  by  Mr.  John  fiignell,  F.L.S.,  Quebec,  so  that  the  topographi-  Mr.  J(>ha 
cal  work  for  the  remainder  of  the  season  consisted  merely  of  minor  pf^g  ' 
track-surveys  up  small  brooks  and  betweea  lakes  previously  located. 

Leaving  Kajanikamak  lake  at  its  southeastern  end,  a  little  over  '^^™^^"' 
two  miles  of  very  bad  brook  travelling  brought  us  to  Kakameonan 
lake,  which  is  about  six  miles  in  leugth  and  varies  from  half  to  three- 
qoartere  of  a  mile  in  width,  lying  in  a  general  direction  north-west 
and  south-east  and  with  a  bay  near  the  middle  of  the  north-east  shore 
nmning  north-east  for  about  a  mile  and  a  half,  out  of  which  it  die- 
chatgea. 
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Like  all  the  other  lakes  ia  this  diatrict,  the  Bhores  of  Eakuneottan 
are  well  wooded  with  upea  and  balsam-poplar,  white  sprace,  balsam- 
fir,  tamarack  and  an  occasional  pine.  The  rooks  seen  were  greywacke, 
chert,  a  breccia  with  flintj  felspathio  quartzite  pebbles,  altered  dia- 
bases and  B  hard,  compact,  light-gray  Haronian  lock.  The  brook 
which  is  the  outlet,  joins  the  west  branch  of  the  Kinojevis  river  about 
six  mUes  aboye  the  junction  of  the  latter  with  the  east  branch. 
Altered  diabase  is  exposed  a  quarter  of  a  mile  np  the  west  branch 
above  the  brook,  and  a  mile  and  a  half  beyond  this  slate  is  seen.  BpIow 
the  outlet  of  Eakameonan  there'  are  no  exposures  on  the  west  branch 
wbicb  flows  over  clay  and  is  from  sixty  to  a  hundred  feet  wide. 
Ascending  the  east  or  main  branch,  which  is  from  three  to  four  chains 
wide,  there  is  a  swift  current  four  miles  up,  and  at  five  miles  altered 
diabase  was  seen  at  a  rapid. 

Several  exposures  of  slate  and  graywaoke  were  seen  before  reachiog 
Kabakwobia  lake,  a  small  expansion  of  the  river  about  two  miles 
long.  A  short  stream  fr.m  the  south,  a  mile  long,  connects  it  with 
Eawboawakaminikatay,  a  round  marshy  lake  about  a  mile  in  length, 
and  a  badly  choked  creek  connects  the  latter  with  Kawinakwisakwi- 
daw  about  four  miles  to  the  souch-west.  About  half  way  up  the  creek, 
between  the  sectwul  and  third  lakes,  there  is  a  fall  of  about  eighteen 
feet  with  an  exposure  of  chloritic  schist.  On  Eabakwobia  lake, 
schists,  slate  and  greywacke  are  seen  and  the  shore  is  well  wooded 
with  poplar,  spruce,  cedar  and  balsam. 

In  ascending  the  Kinojevis  from  the  forks,  we  travelled  in  a  general 
easterly  direction  as  far  as  Eabakwobia,  then  northerly  for  about  four 
miles  when  we  swung  round  easterly  again.  On  the  river  just  above 
this  lake  there  are  a  few  elms,  but  for  some  distance  after  this  tho  river 
runs  through  an  old  &nU^  with  second  growth  of  small  white  birch 
and  poplar.  About  twenty  miles  above  Kabakwobia  a  small  stream, 
known  as  the  Carcajou  river,  enten  from  the  north,  and  between  Ka- 
bakwobia and  this  stream  we  passed  two  more  small  rapids,  tho  first  of 
which  falls  about  twenty  feet  and  the  second  two  or  two  and  a  half 
feet.  The  rocks  met  with  along  this  stretch  are  greywacke,  greenstone 
and  altered  diabase  holding  considerable  pyrite  disseminated  through 
it  in  small  cubic  crystals.  We  went  about  three  miles  up  the  Carca- 
jou, wbicb  is  a  muddy  stream,  badly  choked  in  places  with  fallen  tim- 
ber. Chloritic  schist,  striking  about  north-west-by-weet  is  seen  on 
this  river  at  a  small  rapid.  Returning  to  the  Kinojevis,  we  found  that 
three-quarters  of  a  mile  further  up,  the  river  forks  into  two  large 
branches,  one  known  as  the  Nawapitechin  or  North  river,  coming  from 
the  north,  and  tike  Kewagama  from  the  south. 
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The  North  riTer  was  exftmined  as  far  up  as  we  oould  get,  a  distance  North  rinr. 
lA  tixtat  thirty-fire  miles.  Twelve  rapids,  all  small,  vaiyin);  in  fall 
from  one  foot  to  six  feet  with  a  total  descent  of  about  twentj-seven  feet, 
were  passed  in  this  distance,  after  which  the  river  narrowed  to  a  very 
small  stream  choked  with  alder.  The  soil  is  clay-loam  and  the  shores 
ue  well  wooded  the  greater  part  of  the  way.  Oo  the  lower  part  of  the 
river  the  timber  oonsista  priDcipally  of  spraoe  and  balsam  poplar  with 
some  aspen.  Further  up,  the  poplar  becomes  scaraa  and  spruce  and 
jack  pine  are  the  principal  woods.  The  river  is  very  crooked  and  in 
ascending  it,  the  general  direction  is  nearly  north-west  for  two-thirds 
of  Ute  way,  when  it  swinge  round  nearly  south  for  five  or  six  miles  and 
then  nearly  west  again  till  the  end  of  canoe  navigation  i?  reached. 

The  rocks  on  this  river  are  somewhat  varied,  greenstone  carrying  Sock 
some  pyrrhotite  and  giving  indications  of  the  possible  presence  of  nickel,  ^'P*'"'"'- 
oconrriag  about  five  miles  up  the  river,  while  two  miles  beyond  an 
altered  granite  is  exposed.  Within  the  next  mile  and  a  hal^  green- 
stone is  seen  again  and  also  chloritio  schist.  An  ontcrop  of  light-gray 
altered  granite  is  seen  at  intervals  for  abotit  two  miles  beyond  this, 
and  gives  place  to  a  veiy  hard  oherty  rock  containing  small  specks  of 
chaloopyrite  associated  with  greenstone,  and  further  up  the  river,  as 
far  as  we  managed  to  ascend,  greenstones  were  the  only  rocks  seen. 

Having  completed  the  examination  of  the  If^orth  river,  a  return  was  Kewagama 
made  to  its  mouth  and  we  proceeded  up  the  Eewagama  some  five  ""'"' 
miles  to  a  lake  of  the  same  name.  This  river  Sows  over  clay  with  good 
clay  loam  on  its  banks,  which  are  well  wooded  with  spruoe,  balsam  and 
white  poplar.  There  are  two  rapids,  one,  about  four  miles  np,  with  a 
fall  of  about  six  feet,  and  ano^er  near  the  bead  falling  about  fifteen 
feet.  At  both  of  these  there  are  exposures  of  a  rusty,  somewhat  gneissic 
biotJte  schist,  striking  about  north-east. 

Kewagama  lake,  which  is  much  the  largest  of  the  different  bodies  Kem^tama 
of  water  examined  during  the  summer,  consists  of  two  main  parts,  ^' 
an  eastern  and  a  western,  separated  by  a  long  poinL  The  latter 
nms  nearly  south  almost  the  whole  length  of  the  lake,  leaving  merely 
a  narrows  to  join  thp  two  parte.  The  western  part  is  again  divided 
bj  a  second  narrows  about  half  way  up.  The  longer  axis  of  the 
lake  would  be  a  line  mnning  east  and  west  at  its  southern  end 
and  passing  through  the  first  narrows.  This  would  be  about  eleven 
miles  in  length.  The  extreme  width  north  and  south  would  be  about 
eight  miles  and  a  half  for  the  eastern  section  and  nine  for  the  western. 
The  width  of  the  eastern  is  abont  six  miles  at  the  north  end,  narrowing 
to  about  one  mile,  half  way  down  and  then  gradually  widening  at  the 
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■outhem  end  to  ftbout  six  mites  from  the  first  narrows  lo  the  eaittem 
shoie. 

2^^,  Following  th«  shors-line  from  the  outlet  round  the  point  dividing 

^•■ite.  the  two  portions  ot  the  lake,  a  diHtaoee  of  four  mileit,  we  met  with  a 

coarse-grained  diorite,  ohloritic  and  biotite  schist,  and  a  reddish  syenite. 
A  little  further  on,  a  soft  chloritic  schist  is  exposed,  and,  about  two 
miles  below  this,  there  is  a  very  quartzose  altered  granite  intersected 
by  numerous  veins  of  white  trannlucent  quartz  of  varioas  sizes.  Of 
this  quartz  several  specimens  were  broken  off  at  random  from  the  top. 
One  of  these  carrying  considerable  iron  pyrites  was  assayed  under  Dr. 
HofFmaan'a  direction  and  gave  0117  of  an  ounce  of  gold  to  the  ton  of 

BMnomia  2,000  lbs.  Others,  quite  close  carried  molybdenite  and  bismuthite. 
The  occurrence  of  bismuthite  is  very  interesting,  as  it  has  previously 
been  found,  I  believe,  in  only  four  localities  in  Canada. 

Onnite.  Granite  is  the  prevailing  rook  till  the  first  narrows  is  reached. 

There  diorite  is  exposed,  and  this  continues  round  the  point  to  the 
second  narrows,  leading  into  the  northern  half  of  the  western  section 
of  the  lake,  and  for  one  mile  and  a  half  further.  In  places,  associated 
with  this,  is  a  hard,  compact  rock  carrying  considerable  pyrites. 
Quartzose  granite  is  then  exposed  for  some  distance,  and,  about  three 
miles  from  the  head,  hornblendic  schist.  A  very  marshy  creek  enter- 
ing the  northern  end  of  this  part  of  the  lake,  was  ascended  for  about 
two  miles  to  a  small  lake  at  the  same  level  as  Kewagama,  but  no 
exposures  were  found. 

Returning  to  Kewagoma  lake  and  working  along  the  western  shore 
of  this  section,  mica  diorite  was  seen  three  miles  down,  and  a  quarter 
of  a  mile  further,  chloritic  Nchist.  From  here  to  the  south  end  of  the 
lake  the  rocks  are  biotite,  chloritic  and  hornblendic  schists,  with  the 
exception  of  one  point  a  mile  below  the  narrows,  where  there  is 
quartzoee  granite.  At  the  south-eastern  comer  of  this  portion  of  the 
lake,  a  river  one  hundred  to  one  hundred  and  twenty  feet  in  width 
enters  from  the  south-west.  We  ascended  this  stream  for  about  six 
miles,  passing  a  little  rapid  about  two  miles  and  a  half  up,  where 
chloritic  schist  b  exposed.     Quite  a  number  of  white  pine  of  fair  size 

^ke  are  seen  about  two  miles  up  this  stream.     Thb  brought  us  to  Lake 

Kai-kaik,  which  is  about  four  miles  long  and  a  quarter  of  a  mile  wide. 
The  rocks  on  this  lake  are  chloritic  schists  striking  east  and  west, 
with  some  slates. 

Betarning  once  more  to  Kewogama  we  continued  the  examina- 
tion of  the  southern  shore,  and  in  a  quarter  of  a  mile  came  to  diorite. 
In  the  next  mile  there  are  several  exposures  of  schist  and  then  one  of 
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dioritfl,  iima  a  utile  and  a  half  of  schbL  Beyond  the  narrows  a 
porphTritic  rock  ocean,  and  from  here,  along  the  rest  of  the  southern 
ihore,  which  ia  very  rooky,  schist  prevails.  Along  the  eutem  shore 
dioritOB  and  granites  are  the  only  rooks  seen,  but  along  the  northern, 
homblendic  schist,  granite,  altered  diabase  and,  just  at  the  outlet, 
Ixotite  schist  occnr.  At  the  north-east  corner  of  the  lake,  a  small 
brook,  abont  a  mile  and  a  half  long  forms  the  outlet  of  a  marshy  lake 
called  Kapitagama,  which  is  nearly  round  and  abont  a  mile  and  a  half 
scroas  each  way.  'niis  lake  was  also  examined,  but  no  exposures  were 
found. 

Eewagama  lake  is  well  timbered,  fine  white  spruce  and  white  ^"'*^f" 
pedlar  being  very  abundant,  with  a  considerable  qaantity  of  balsam  timbeied. 
poplar  and  white  Inrch.  On  some  of  the  islands  there  is  a  fair  quan- 
tity of  red  pine  of  medium  size,  and  more  particularly  near  the  south- 
ern portion  of  the  lake  an  occasional  white  pine  is  seen.  At  some  of 
the  narrows  and  near  the  mouths  of  some  of  the  brooks  entering  the 
Uke  there  is  a  considerable  growth  of  small  aah,  and  along  the  whole 
lake  shore  small  oed&r  ia  seen  close  to  the  water. 

On  completing  the  examination  of  Eewagama  we  returned  to 
ibitibi,  as  we  were  out  of  supplies  and  time  would  not  permit  ns  to 
prosecute  the  work  any  further  to  the  eastward  this  season.  A  route 
fxiste  from  a  long  bay  on  the  east  shore  of  Kewogama  via  Lake 
Hewagama  over  the  h^ht  of  land  into  a  large  body  of  water  known 
M  Seal  lake. 

Abitibi  was  reached  September  14,  and  a  day  was  spent  in  packing  ^"«.>^  part  ol 
ap  part  of  our  outfit  which  was  to  be  taken  to  Quinze  lake  by  the  river'"'^ 
Hodson's  Bay  Company.  Wo  were  further  delayed  by  very  bad 
weather  till  the  morning  of  the  19th,  when  we  started  back  to  the 
forks  of  the  Einojevia,  from  which  point  it  was  intended  to  extend 
tlie  work  down  to  the  Ottawa  river.  Proceeding  down  the  river  from 
the  forks  for  thirteen  miles,  we  came  to  a  small  lake,  after  passin)!;  two 
rspids,  one  being  halt  a  mile  below  the  forks  and  falling  about  fifteen 
fee^  while  the  other  is  about  eight  miles  down  and  falls  three  feet. 
In  this  interval  the  general  direction  of  the  river  is  southerly,  but  it 
is  very  crooked. 

Namerous  exposures  occnr  of  ohloritio  schist,  altered  diabase,  green- 
itone  and  a  breccia  oootaining  flinty,  felspathic  quartzite  pebbles.  A 
Dunber  of  these  rocks  carry  considerable  pyrite  and  some  have  very 
rusty  sarfacee.  A  brook  enters  the  little  lake  from  another  lake  some 
three  miles  in  length,  situated  about  a  quarter  of  a  mile  to  the  west. 
On  both  of  these  lakes,  the  prevailing  rock  is  greywacke  with  a  nearly 
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SuuU  Uke       east-and-vest  strike,  and  the  same  rook  ocoun  all  aloog  the  river  with 
«  pttui  about  the  same  strike  for  the  next  seven  milea,  for  four  of  which  the 

river  ia  flowing  east  and  for  three  aoubh-weat,  at  the  end  expanding 
into  another  small  lake  a  mile  and  a  half  long  with  a  deep  bay  extend- 
ing a  mUe  to  the  south-weat ;  and  on  this  lake  the  same  rock  occurs 
on  the  upper  portion  and  in  the  bay.  On  the  lower  part  of  the  lake 
hornblende  schist  is  exposed  at  intervals  for  about  a  mile.  The  river 
now  runs  in  two  channels  for  a  mile  and  a  quarter  round  an  island, 
from  three-quarters  to  one  mile  in  breadth,  the  foot  of  this  island  being 
at  the  northern  end  of  Lake  Einojevia.  We  came  down  the  western 
branch  to  the  lake  and  saw  two  exposures  of  greywacke  still  striking 
nearly  east  and  west. 

KiDoievu  Kinojevis  lake  lies  for  about  five  miles  a  little  east  of  south  from 

its  head  when  it  makes  a  sudden  turn  to  the  southwest  for  about 
thirteen  miles,  the  part  below  the  turn  being  known  as  Crooked  lake. 
At  the  turn  the  Kinojevis  river,  its  outlet,  leaves  it  and  flowing  in  a 
general  sonth^eaaterly  direction  for  about  sixteen  miles  joins  the 
Ottawa  river  about  twenty-one  miles  above  Lake  Expanse.  Lake 
Kinojevis  with  Crooked  lake  ia  very  narrow,  averaging  from  a  quarter 
to  half  a  mile  in  width.  At  ite  head,  on  the  western  shore,  a  hard 
biotite  schist  occurs  and  on  the  opposite  shore  an  altered  dtorite.  One 
mile  down,  a  bay  runs  for  about  a  mile  in  a  westerly  direction  and  at 
its  head  a  small  creek  entere.  This  we  ascended  for  half  a  mile,  when 
we  came  to  a  lake  which  is  about  two  miles  and  a  half  long  and  of 
increasing  width  till,  at  the  head,  it  is  about  a  mile  and  a  quarter 
aoroea. 

On  this  lake  we  found  hard  biotite  schists,  altered  diorite,  and  grey- 
waoke.  At  the  western  end  a  brook  comes  in  and  going  up  this  a  little 
over  two  miles,  passing  an  exposure  of  greywacke  on  the  way,  we 
I^ke^Kekeko.  came  to  Lake  Kekeko.  'Hie  latter  is  about  six  miles  long,  lies  nearly 
east-and-west,  and  has  two  bays  at  the  western  end,  one  running  to 
the  north  and  the  other  to  the  south,  giving  the  lake  the  general 
appearance  of  the  letter  T.  Both  this  and  the  first  lake  are  practi- 
cally on  the  same  level  as  Lake  Kinojevis.  The  first  exposure  seen  on 
Lake  Kekeko  is  a  dark  coloured  diorite  two  mUee  from  the  outlet  and 
from  the  point  to  where  the  two  bays  turn  ofiF,  the  rock  is  entirely 
slate  striking  nearly  east  and  west.  At  the  entrance  to  the  northern 
bay  there  is  diorite  and  higher  up  the  bay  on  the  east  shore,  chloritic 
schist.  On  the  west  shore  greywacke  and  slate  are  the  prevailing 
rocks.  At  the  north  end  of  the  nsrtb  bay  a  brook  enters  the  lake  and 
we  went  up  it  about  five  miles  passing  two  chutes,  one  falling  ten  feet 
bod  the  other  fifteen  feet,  about  one-eighth  of  a  mile  apart,  and  about 
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thne  miles  from  the  mouth.  Qreywacke,  greeoBtone  and  ohloritic 
Kfaists  are  the  rooks  on  thia  creek.  At  the  south  end  of  the  south 
bkj,  ft  smftll  creek  conies  in  from  tiro  lakes  but  the  brook  was  quite 
impusable  for  the  canoe  owing  to  the  abnormally  low  water.  I  walked 
up  to  the  Brst  lake  but  saw  only  grejwacke.  However,  it  was  diffi- 
cult to  do  any  geotogical  work  here  as  it  had  been  snowing  for  two 
days  and  the  rooks  were  hidden. 

Returniog  to  Lake  Eioojevis  we  proceeded  along  the  lake  and  at  two 
milts  down  found  altered  diorite,  and  one  mil?  and  a  half  further  rusty 
biotite  schbt^  and  associated  with  it  altered  granite.  Three-quarters  Crooked^lake. 
dsmilefarther  we  found  a  hard,  black,  biotite  schist  and  turning 
down  into  Crooked  lake  the  same  maty  aohiat.  Thia  rock  oontiauea 
down  the  lake  shore  but  becomes  more  gneissic  and  three  milea  down 
a  more  of  a  achistoee  biotite  gneiss,  striking  nearly  east-and-weat.  For 
the  next  four  milee  the  same  ruck  occurs,  very  rusty  and  decompoeed 
in  places,  and  aaaociated  with  it  is  a  quartzoee  granite  containing  quartz 
and  pegmatite  reina.  Blight  milee  down  Crooked  lake,  opposite  the 
mouth  of  u  small  stream  known  as  the  Kamahigamau  river,  the  same 
gneiss  occnrs,  in  places  very  micaceous  and  associated  with  it  every- 
where is  tbe  same  granite,  intersected  by  numerous  pegmabite  veins 
canying  considerable  muscovite,  though  from  surface  showings,  only  in 
small  crystals. 

We  now  returned  up  t^e  lake  to  the  outlet  at  the  bend  and  proceeded  Desoend 
down  the  Kinojevis  river.  There  are  two  small  rapids  between  Crooked  otwwVriver. 
lake  and  the  Ottawa  with  a  fall  of  a  few  inches.  Schistose  biotite, 
gneiss,  sunilar  to  that  seen  on  Crooked  lake,  was  noted  on  ooming  down 
the  river  at  intervals  for  about  eight  miles,  after  which  there  are  no 
eipoaures  till  about  four  miles  from  the  mouth,  when  gray  granite,  also 
aimilar  to  that  on  Crooked  lake,  outcrops.  All  exposures  from  this 
point  to  the  Ottawa  river  are  of  granite.  Tbe  Kinojevis  river  from 
Crooked  lake  down,  has  an  average  width  of  about  five  chains  and  the 
Ottawa  river  where  the  latter  enters  it  is  about  seven  chains  wide. 

Ha  ring  reached  the  Ottawa  our  work  for  the  season  was  finiahed  and 
westarted  at  once  for  Klock'sdeponon  Quinzelaka  This  was  reached 
on  ^le  night  of  October  14,  and  Mi.  Wilson  arriving  the  next  day, 
WB  left  on  the  following  morning  and  reached  Ottawa  on  the  '20th. 
During  the  whole  season  Mr,  H.  F.  Lambart,  of  Ottawa,  acted  as 
Msistant  and  performed  the  duties  allotted  to  him  very  satisfactorily. 

The  general  inference  drawn  from  the  rocks  in  the  area  examined  Geological 
this  season  is  that  the  line  of  contact  between  the  Laurentian  and  «««!l>"ionfl- 
Haronian  observed  by  the  lat«  Mr.  Walter  UcOuat  in  1872  as  crossing 
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I^ke  Opasattka  on  the  maia  Quinze-Abitibi  route  runs  in  a  general 
way  a  little  south  of  east,  croesiog  Crooked  lake  about  the  mouth  nf 
the  Kamshigamau  river  and  thence  in  about  the  same  direotioc  to  the 
Eioojeris  river  which  it  crossea  about  four  milea  from  its  mouth.  East 
of  this  we  had  no  opporbuoitj  of  observing  it.  The  moat  northeraly 
rocks  met  with  were  Hurpnian  and  the  northern  limits  of  the  Huroaian 
are  extended  to  cover  the  whole  area  examined,  the  granites  meutioned 
as  occurriog  at  different  localities  beioj;  considered  as  intrusive.  The 
whole  area  has  been  subject  to  glacial  action  and  the  rocks  are  nearly 
everywhere  striated,  the  grooving  being  very  clearly  marked  in  most 
places. 

With  regard  to  the  timber — white  spruce,  aapeu,  balsam  poplar,  bal- 
sam, white  birch,  tamarack,  Banksian  pine,  and  cedar  are  the  principal 
trees  found.  Spruce  and  aapea  are  by  far  the  most  plentiful  and  par- 
ticularly on  the  northern  portions  on  both  sides  of  the  height  of  land, 
excellent  spruce  for  pnlpvood  is  seen  on  the  lake  and  river  shores. 
Balsam-poplar,  balsam  fir  and  white  birch  are  probably  the  next  moat 
plentiful,  and  tamarack  is  not  far  behind,  but  it  is  nearly  all  dead, 
particularly  in  the  northern  portion.  Cedar  is  found  scattered  along 
the  banks  of  some  of  the  rivers  and  around  the  shores  of  nearly  all  the 
lakes.  Small  ash  grows  near  the  mouths  of  a  good  many  brooks. 
Small  elms  are  found  in  a  few  places  and  red  and  white  pine  occur 
from  Lake  Kewagama  south,  but  Dot  in  sufficient  numbers  or  of  large 
enough  size  to  be  of  importance. 

The  soil  over  the  greater  portion  of  the  area  ia  a  clay  loam,  changing 
in  places  to  a  somewhat  sandy  loam,  and  in  some  localities  would 
probably  make  fair  farming  land  if  not  too  wet  and  cold.  Along  the 
river  banks  it  is  generally  good,  and,  along  the  Kewagama  river,  very 
good.  With  reference  to  this,  the  conditions  at  Abitibi  post  may  prove 
of  interest.  I  was  informed  by  Hr.  Skene,  the  gentleman  in  charge, 
that  this  year  the  last  spring  froet  at  the  post  was  recorded  on  May 
2S,  and  then  only  one  degree.  The  highest  temperature  wss  on  Joly 
16,  92°  Fabr.  and  up  to  September  16  there  had  been  no  frost.  On 
June  8  there  was  a  fall  of  snow,  with  the  thermometer  at  36°  and  in 
the  interval  between  May  26  and  September  1$,  nun  fell  on  fifteen 
days. 

Mr.  Skene  has  a  small  garden  at  the  post  and  han  met  with  complete 
success  in  growing  the  following  vegetables,  viz.,  potatoes,  onions, 
cabbages,  cauliflowers,  beans,  radishes,  lettuces  and  cucumben.  They 
sowed  cimothy  seed  in  the  Company's  clearing  on  May  21,  1900,  which 
yielded  an  excellent  crop  of  hay  the  following  summer.  Oats  also  gave 
a  good  crop. 
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At  the  FoBt  the  land  is  well  cleared.  We  did  not  find  the  weathfir 
in  tiw  bush  quite  so  favourable  as  it  was  tbera.  Water  left  ia  the 
ksttie  over  night  was  coated  with  ioe  on  the  morning  of  September 
12.  The  weather  broke  this  year  on  September  15,  and  from  that  date 
notil  we  completed  our  work,  on  Ootober  15,  there  were  very  few  days 
without  snow  or  rain.  On  Rekeko  lake  on  October  4  and  5,  we  had 
a  two  days  snow  storm,  the  snow,  tweuty-four  hours  after  it  had  ceased 
Uliiig,  having  a  depth  of  three  inches.  From  June  16  till  September 
U  vra  found  tbe  weather  delightful. 

With  regard  to  fish  and  game,  I  might  say  that  all  the  lakes  near  Game. 
the  hfflght  of  land  on  both  sides  were  plentifully  stocked  with  pike, 
pickerel  and  suckers.  In  Uakamik  lake,  however,  we  found  only 
nickera,  while  in  Whitefish  river  we  Caught  whitefish,  in  addition  to 
tboK  mentioned.  Farther  south  black  b^ss  can  be  caught  io  Crooked 
lake,  and  possibly  a  little  above  it,  bnt  they  are  very  scarce. 

Of  the  larger  game,  mooee  are  undoubtedly  the  most  plentiful.  We 
MIT  drar  tracks  often  quite  fresh  all  over  tbe  area  examined,  and, 
although  not  looking  for  them  during  the  summer,  we  saw  four  of  these 
animals,  one  on  the  Carcajou  river,  two  on  the  outlet  of  Lake  Kai  kaik, 
and  one  on  Lake  Kekeka  We  also  heard  them  frequently  during  the  - 
calling  season,  and  the  Indians  seemed  able  to  go  out  and  get  a  moooe 
vhensver  they  felt  inclined.  Caribou  are  not  eoarce,  but  we  saw  only 
one,  and  that  had  just  been  ebot  by  an  Indian.  I  saw  a  black  bear  on 
one  of  tbe  small  lakes  off  Kewagama,  and  a  large  lynx  on  the 
Naw^itecbin  river.  Of  the  fur-bearing  animals,  beaver,  otter,  martfn, 
muaktat,  mink  and  fisher  are  common,  and  of  these  we  saw  maoy 
iDdividoalg.  Ermine  are  rather  scarce,  but  some  skins  are  brought  to 
the  post  Rabbits  were  fonnd  to  be  comparatively  abundant.  Both 
the  mffled  grouse  and  spruce  partridge  are  very  plentiful,  bnt  ducks 
are  rather  scarce. 


The  Sddburit  Distbict. 
Dr.  A.  E.  Barlow. 

The  first  part  of  the  year  before  the  commencement  of  field  oper-  MioroMO|M: 
ationa  woa  spent  by  Dr.  A.  K  Barlow  in  a  detailed  petrographical  ^f^'iu. 
examination  of  the  various  rock  types  exhibited  in  the  suite  of  speci- 
mens collected  to  illustrate  Mr.  R.  G.  McConoell'e  work  in  the  Yukon 
Territoryduringtbeseasonsof  1898-1899and  1900.    Thin  sections  »  ere 
alao  examined  under  the  microscope  of  some  of  tbe  rocks  associated 
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with  the  iron  depoette  along  the  Kingston  and  Pembroke  r&ilw&y. 
The  detailed  description  of  these  forms  an  appendix  to  Mr.  R  D. 
Ingall's  report  which  has  just  been  issued.  Many  of  the  different  rock 
species  met  with  by  Dr.  Robert  Bell  and  Mr.  J.  M.  Bell  in  the  Qre&t 
Slave  lake  and  Great  Bear  lake  regions  were  also  sectioned  and 
studied,  the  resnite  in  detail  being  included  in  the  nport  covering  this 
work.  A  considerable  amonnt  of  petrographic  work  was  also  done  on 
the  rocks  from  the  Atlin  district^  the  results  being  handed  to  Mr,  J. 
C.  Qwillim  to  be  incinded  in  the  final  report  on  this  area. 

This  laboratory  work  being  finished  early  in  Jnae,  it  was  decided 
to  send  Dr.  Barlow  to  make  any  corrections  and  additions  fonnd 
neceSBury  on  the  map  of  the  Sudbury  mining  district  issued  in  1891. 
The  renewed  activity  in  the  mining  of  nickel  in  the  Sudbury  district 
indicated  clearly  that  the  present  was  a  most  opportune  time  to 
obtain  a  better  knowledge  of  the  nature  and  extent  of  those  deposits. 
It  was  recognized  that  the  geological  map  needed  revision  and 
correction,  although  its  general  accuracy  and  nsefnlneas  had  Dever 
been  questioned.  Besides,  the  region  had  become  more  accessible  by 
reason  of  occasional  clearances,  the  opening  of  roads,  and  the  develop- 
ment and  extension  of  the  various  mines.  Much  additional  information 
had  likewise  been  secured  concerning  these  occurrences  of  nickel, 
while  the  advance  in  geological  knowledge  due  chiefly  to  the  introduc- 
tion of  improved  methods  for  petrographic  and  geologic  research  showed 
how  desirable  it  was  to  undertakea  more  thorough  study  of  the  geology 
and  petrography  of  this  r^on..  In  carrying  out  this  work,  Dr.  Bar- 
low was  materially  aided  by  Dr.  Ludwig  Mond,  of  London,  England, 
under  an  agreement  by  which  the  former  was  partially  rplieved  from 
the  Survey  during  the  pi  x  months  from  July  1,  1901,  to  January!, 
1902. 

Dr.  Barlow  was  chosen  to  take  charge,  not  only  on  account  of  his 
former  connection  with  the  work,  but  also  because  petrc^rapby  woulil 
of  necessity  enter  very  largely  into  any  detailed  examination  and 
study  of  these  old  crystalline  rocks.  The  township  of  Denison  was 
selected  as  the  starting  point,  because  the  work  done  here  in  1890 
was  more  in  the  nature  of  a  reconnaiiisaiice  than  a  finished  survey. 
With  a  headquarters  camp  on  the  west  side  of  Ethel  lake,  the  whole 
township  was  carefully  and  systematically  explored,  so  that  the  lines 
of  demarcation  between  the  various  rocks,  as  now  asceriained  and 
mapped,  are  very  nearly  accurate,  A  month  was  fonnd  neces- 
sary to  complete  the  work  in  this  township,  after  which  a  move  was 
made  to  McCharles  lake,  to  the  east  in  the  township  of  Graham.  Fran) 
this  base  of  operations  the  work  was  gradually  extended  over  the  town- 
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ship  <£  Graham  and  the  southern  p&rt  of  Creighton.  The  aouthem 
limits  of  the  oickel-bearing  eruptive  vas  also  determined  in  the  town- 
ship of  Snider,  and  the  season  was  brought  to  a  close  in  September  by 
certain  corrections  of  a  minor  nature  in  the  geology  of  the  township 
of  Garaon. 

The  investigations  of  the  past  summer  have  shown  conclusively  that  J^^;^- 
the  imalMred  normal  or  type-rock  with  which  the  deposits  of  nickel-  empdre. 
iferoas  pyrrhotile   and   chalcopyrite   are  associated,  possesses  rather 
exceptional  character  and  interest.  It  belongs  to  the  general  family  of 
gabbroa,  but  has  nearly  always  tracer  of  a  broad  ophtcic  or  diabasic 
itmctnre,  which,  although  rude  at  times,  is  generally  quite  distinct. 
The  sbandance  and  occasional  preponderance  of  hypersthene  or  enstatite 
jnstiGes  its  claasiGcation  and  description  as  a  norite,  while  the  presence 
of  a  considerable  quantity  of  original  quartz  makes  it  a  rather  excep- 
tioDsl  rock  type.    In  general,  the  rock  is  made  up  of  plagioclase  (labra-  MiDerklofpetJ 
dorite  or  bytownite),  hyponithene  or  enstatite,  augite,  biotite,  horn-  '"■"P°"'»«>- 
blende  and  quartz,  with  much  smaller  quantities  of  apatite,  titaniferoua 
msgnetile,  pyrrhotite,  chalcopyrite  and  pyrit«  as  accessory  constituents. 
In  general  all  the  workable  deposits  of  nickeliferous  pyrrhotite  or 
chalcopyrite,  are  situated  at  or  near  the  borders  of  bands  of  this  quartz- 
bfpersthene-gabbro  or  norite. 

It  is  now  confidently  believed  that  these  several  sulphides  which  the  Geniris  oC 
rook  contains  were  introduced  simultaneously  and  as  integral  portions  "'*■ 
of  the  norite  magma.  At  the  same  time  pneumatolytic  or  secondary 
action  was  taking  pl>u;e  on  an  extended  scale  and  much  of  the  sulphide 
material  has  undergone  a  subsequent  rearrangement  and  consequent 
local  enricbmenL  It  must  be  understood,  however,  that  the  secondary 
action  was  proceeding  during  the  slow  cooling  and  difierentiation  of 
these  immense  bodies  of  norite  magma,  and  that  the  ore-bodies  were 
scqairing  their  present  position  and  dimensions  during  this  extremely 
stow  diminution  in  temperature  of  the  whole  mass,  so  that  the  final 
consolidation  saw  these  ore-bodies  under  very  much  the  same  conditions 
as  St  present  obtain.  The  brecciated  character  of  many  of  the  ore  Bn«ciat«d 
deposits  seems  ti  give  emphasis  to  the  fact  that  autoolastio  action  has  °"^ 
played  an  important  part  in  the  formation  of  many  of  these  deposits,  the 
inlpbidss  being  possibly  more  susceptible  to  rearrangement,  white  the 
accompanying  rocky  portions  have  undergone  extensive  fracturing  and 
dislocation.  Associated  with  the  nickel-bearing  norite  and  passing  by 
iQsensibte  gradations  into  it,  is  a  rock  which  has  been  catted  '  micro- 
pegmatite.*  This  rock,  which  is  closely  allied  to  the  granites,  must  be 
<^Dsidered  as  an  integral  and  difibrentiated  portion  of  the  nickel-bear- 
ing emptiva  There  is  an  undoubted  and  perfect  transition  from  one 
10 
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rock  tjrpe  to  the  other.  This  transition  ia  now  well  understood. 
Nature  of  Uicroaoopioally,  this  change  oonsiats  in  the  gradual  assumption  of  a 
Qorite^  "^  reddbh  oolour  replacing  the  green  or  greenish  gray  of  the  rock,  this 
being  accompanied  hy  a  corresponding  increase  in  the  amount  of  qnartz 
and  fekpar.  The  hornblende  of  the  norite  ia  gradually  replaced  by 
Idotite  as  the  prevailing  ferro-raagnesiaa  constitaent,  while  ortboolase 
sncceeda  plagioolase  u  the  prDmiuent  fetspathic  mineral.  Concomit- 
aot  with  this,  a  decided  foliation  may  be  noticed  to  have  been  induced, 
corresponding  with  the  general  strike  of  Uie  band,  while  micropegma- 
tite  or  granophyre  is  very  characteristic  over  large  and  often  widely 
separated  areas. 
Three  beiu  of  In  the  Sudbury  mining  district  there  are  three  main  belte  of  these 
norite  and  associated  mioropegmatites.  These  may  be  called,  respec- 
tively, the  northern,  southern  and  middle  belts.  At  present  they  are 
mapped  as  distinct  and  separate,  but  genetically  and  mineralogically, 
they  are  essentially  identical.  They  likewise  belong  to  the  same 
geological  period  and  are  very  nearly,  if  not  quite,  synchronous.  The 
most  northern  band  starts  from  the  old  Ross  mine  (W.R.  5)  near  the 
line  between  lots  5  and  6  on  the  line  between  conoession  III  and  IV 
of  the  township  of  Foy,  and  extends  in  an  east-aouth-east  direoticn 
into  the  township  of  Bowell,  where,  on  lot  6,  concession  II,  it  branches. 
One  band  runs  south-west  into  the  townships  of  Lumsden  and  Morgan, 
where  ita  limits  have  not  been  ascertained.  The  other  or  main  band 
runs  on  to  the  east,  cutting  across  the  township  of  Wisner,  and  crosses 
the  Vermilion  river  imnoediately  non;h  of  Bronson  lake.  Trending 
still  more  to  the  north  it  connects  with  the  lai^  area  of  basic  rocks  to 
the  west  of  Lake  Wahnapitae.  The  delineation  of  this  belt  is  mainly 
Middle  band  owing  to  prospectors.  The  middle  band  of  norite,  according  to  the 
□f  Donte.  present  state  of  our  knowledge,  starts  on  lot  12,  concession  III  of 
Trill ;  extends  north  and  north-east  through  this  township  into 
Cascadeu,  and  crossing  under  Windy  lake,  goes  on  uninterruptedly 
through  the  north-west  corner  of  Dowling,  to  lot  2,  concession  IV, 
Levack.  There  is  probably  then  a  considerable  break  between  this 
and  the  Boas  mine  on  the  northern  nickel  range  on  the  one  hand  and 
the  basic  band  which  runs  through  part  of  Morgan,  but  both  banda 
are  almost  identical  in  mineralogical  composition  and  are  certainly 
genetic  equivalents.  It  is  along  the  northern  contact  of  this  band  and 
the  granitite-gneiea  to  the  north  that  the  famous  Levack  deposits  are 
situated.  This  band  of  norite  is  about  eighteen  miles  long  and  in 
places  nearly  half  a  mile  in  width. 
Main  or  ^6  most  important  and  famous  band  of  norite,  however,  is  the 

Bwi^em         sonthern  belt,  which,  starting  in  more  or  less  isolated  patches  and  areas 
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in  the  townohip  of  Drury,  coalmces  into  one  large  band  in  the  eaatem 
put  of  this  township.  It  then  extends  in  unbroken  oontinuity  in  a 
north-eulerly  direction  aa  far  aa  lot  3,  oon.  Ill  of  Oarson,  a  diatatnce 
of  over  thirtj-two  miles.  The  basic  or  norite  portions  of  this  band 
vonld  average  nearly  two  milea  in  width  thronghout  its  length.  In 
the  township  of  Denison  the  basic  rocks  extend  over  the  greater  part 
of  the  third,  fonrth,  fifth  and  sixth  concessions.  About  lot  2  the  band  Two  branchea. 
stluns  its  maximum  width  of  nearly  four  miles,  but  a  short  distance 
east  it  is  divided  up  into  two  belts  by  the  intmsion  of  a  mass  of  coarse 
"  ai^en  "  granittte-gneiss.  The  northerly,  which  ia  the  more  important 
of  these  two  belts,  has  a  course  of  N.N.B.  throngh  the  north-east- 
em  part  of  the  township  of  Denison  and  the  south-eastern  corner 
ot  the  towasbipof  Fairbank.  Thence  it  extends  across  the  Vermilion 
rirer,  covering  part  ot  the  township  of  Graham  and  portions  of  the 
township  of  Creighton.  From  thence  it  runs  across  the  central  part 
of  Snider,  through  the  north-western  corner  of  McKim  and  the  south- 
ustem  part  of  Blesard  and,  with  theexoeption  of  lota  I  and  2,  extends 
GOQtinnoasly  across  concession  III  of  Garson.  Through  Creighton  and 
Gnluun,  this  belt  ia  over  two  miles  in  width,  while  near  the  old  Domin- 
ion mine  it  is  almost  three  miles  from  north  to  south  across  the  norite. 
The  soDthent  branch  of  this  great  belt  runs  across  the  Vermilion  rivei, 
«)<rering  parts  of  Graham,  and  thence  on  through  Waters  past  Copper 
Cli^  where  it  rejoins  the  other  branch.  The  lenticular  mass  of 
graoitite-gneisB  which  divides  this  southern  belt  into  two  por- 
tions, thus  occupies  a  strip  of  oountry  one  and  a  half  to  two  miles 
vide  through  Graham  and  Snider,  terminating  at  or  near  the  Copper 
OiS  mines.  It  is  newer  than  the  norite,  piercing  and  altering  the 
buic  rock. 

It  is  now  conGdenily  believed  that  the  nickel  and  copper  depoeito  of  Value  of 
Sudbury  are  the  most  important  of  their  kind  known  in  the  world.  The    "l""*"^ 
inauguration  of  the  extensive  and  well  equipped  works  of  the  Mond 
Nickel  Company  at  the  Victoria  mines,  and  the  extension  ot  the  works 
of  the  Canadian  Copper  Company,  will  rapidly  place  Sudbury  in  the 
foreground  of  the  nickel-producing  areas  of  the  world. 


Halibubton  aitd  Bakcbopt  Arkas,  Ontabio. 

Profemor  Frank  D.  Adams. 

The  field-work  in  the  Halibnrtott  and  Bancroft  a 
completed  dnnng  the  summer  of  1900.     The  time  which  oonld  be  ^ 
devoted  to  the  work  during  the  past  summer,  namely  two  montb°  and 
lOi 
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ft  half,  was  ocoordiDgtj  spent  in  finishing  the  Geld  operations  and  in 
beginning  the  preparation  of  the  report. 

Towiuhipa  Six  veeks  were  spent  in  July  and  August  in  tbe  examination  of  the 

specimena  collected  during  tbe  aeverai  sDmmera  post  and  in  tbe  prepa- 
ration of  tbe  geological  maps  of  the  area,  and  on  August  21,  I  left 
Montreal  for  tbe  field,  whei«  I  remained  until  September  24.  The 
field  work  during  tbe  past  summer  was  carried  on  chiefly  in  tbe  town- 
Work  by  L.  ships  of  Monmouth,  Glamorgan,  Harvey,  Burleigh  and  Dysart.  The 
geological  relations  in  tbe  two  former  townships  are  very  complex,  but 
were  worked  out  successfully  with  the  aid  of  the  topographical  surveys 
made  in  this  area  by  Mr.  L.  N.  Richard  of  the  Geological  Survey,  who 
DUtribution  accompanied  me  during  a  portion  of  September.  The  distribution  of 
the  neplieline  syenite,  which  occurs  abundantly  in  these  townships  and 
which,  in  the  eastern  portion  of  the  area  embraced  by  the  Baltburton 
sheet,  holds  the  large  deposits  of  corundum  discovered  by  the  Survey 
and  now  so  extensively  worked,  was  carefnlly  traced  out  and  several 
new  areas  of  this  rock,  often  containing  indications  of  coruodum, 
were  discovered  and  mapped.  The  great  gabbro  area  in  the  southern 
portions  of  these  u>wnshipB,  which  holds  the  iron  ores  occurring  there^ 
wss  also  surveyed  and  carefully  studied.  Great  bodies  of  exoellent 
limestone  were  also  found  in  the  south-western  portion  of  Glamorgan. 

Dyurt  After  the  completion  of  this  portion  of  the  work,   the   eastern    half 

of  the  township  of  Dysart  was  examined,  in  order  to  determine  tbe 
limit  of  the  limestones  against  the  granite-gneiss  and  tbe  character  of 
Burleigh  and    their  contact.     This  work  haring  been  completed,  the  southern    por- 
""™y-  tions  of  tbe  township  of  Burleigh  and  Harvey  and  a  portion  of  west- 

ern Cavendish  were  surveyed.     The   mapping  of   the  entire  area  was 
tiius  finished.     With  the  completion  of  this  work  it  may  be  appropri- 
ate to  state  very  briefly  what  has  been  accomplished. 
Area  covered        A  large  area  in  eastern  Ontario,  comprising  about  4,'iOO  square 
atirrey!°^        miles,  about  the  geology  and  mineral  resources  of  which,  at  the   time 
the  work  was  commenced,  practically  nothing   was   known,  baa  been 
surveyed  topographically  and  geologically,  and   a  great  mass  of  infor- 
mation concerning  its  character  and  resources  has  been  collected.    Two 
HaJiburton      maps  have  been   prepared.     The  first   of   these,  known   as  map-sheet 
nwp'B  eet.       number  118  of  the  Ontario  series,  (Haliburton  sheet)  is  on  a  scale  of 
four  miles  to  an  inch,  and  comprises  an  area  of  3,456  square  miles,  its 
four  comers  being  situated  respectively  in  the  townships  of  Finlayaon, 
Hagarty,  Orimsthorpe  and  Digby  and  having  as  its  chief  centres   of 
population  the  villages  of  Haliburton,   Bancroft,  Coe  HiU,   Whitney 
and    Barry's   Bay.     The  Ottawa,  Amprior  and  Parry  Sound  railway 
runs   across   the  northern   portion    of   the   sheet,  while  the  Victoria 
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hnnch  of  the  Grand  Trunk  railwfty,  the  Irondale,  Bancroft  and  Ot- 
tawa ndlw»7  and  the  Central  Ontario  railwaj  have  their  termini  in 
th«  toathem  porbi<m  erf  the  area. 

The  second  map  is  a  special  one  and  is  to  be  known  aa  the  Bancroft  Banoroft 
Aeet  It  comprises  an  area  of  2,040  square  miles  and  has  been  drawn 
OQ  a  scale  of  two  miles  to  an  inch.  It  embraces  the  south-eastern 
portion  of  sheet  188,  reproducing  it  on  a  larger  scale  and  it  also  in- 
clades  the  country  to  the  south,  as  far  as  Stoaej  lake^  representiog  an 
■ddilional  area  of  680  square  miles.  The  neceesitj  for  this  second 
ibott  arose  from  the  impossibility  of  showing  the  geological  structure 
d  BO  complicated  an  area  on  so  small  a  scale  an  that  of  sheet  188.  It 
■u  also  foond  that  a  study  of  the  district  to  the  south  of  the  Hali- 
bnrbon  district  was  necessary  in  order  to  interpret  the  structure  of  the 
northern  Moa.  The  Bancroft  sheet  will  represent  the  first  large  Laur- 
eatitm  area  in  Ontario  which  has  been  mapped  in  such  detail  and  will 
tbow  excellently  the  charfwter  of  a  typical  area  of  the  rocks  of  the 
upper  division  of  this  system.  Both  maps  will  be  coloured  so  as  to 
repment  the  areas  and  distribution  of  the  several  petrographioal  units 
■hich  comprise  the  districts  which  they  represent,  witbont  any  attempt 
to  mudify  the  mapping  by  introducing  consideratious  of  relative 
"ge- 

The  survey  has  shown  that  the  northern  half  of  the  area  mapped  Gnuiita 
consists  almost  exclusively  of  granite-gneisses  of  igneous  origin  which  ^^''*' 
wonld  in  all  probability  have  been  classed  by  Logan  as  Fundamental 
goeigs.     The  southern  half  of  the  area  on  the  other  band,  oooBtste 
chiefly  of  a  series  of  very  ancient  sedimentary  rocks,  largely  limestones, 
•hieb  rests  upon  the  gneissic  series,  but  which  has  been  invaded  and 
altered  by  it.     Large  areas   of   the   sedimentary   series  have  been  so  Bstbylitio 
shattered  and  penetrated  by  the  granite^eiss  that  a  sort  of  breccia  """^ture. 
on  SD  enormous  scale  has  resulted.     Great  bathylites  of  the  granitic 
rock  arch  up  and  break  through  the  sedimentary  series  elsewhere,  the 
tatter  being  wrapped  around  the  bathylites  in  great  sweeping  curves. 

The  same  bathylite  structure  is  observable  in  the  northern  gneisses 
also,  and  can  be  traced  by  the  curving  strikes  of  the  foliation  of  the 
gaeias,  but  here  the  limestonee  have  been  swept  away  by  erosion. 

In  the  south-eastern  portion  of  the  area  the  limestones  are  found  in 
a  comparatively  unaltered  condition  and  are  associated  with  great  vol- 
Dmes  of  ampbibolite  and  other  foliated  rooks,  as  well  as  with  occasional 
bands  of  coDglomerotes — some  of  which,  at  least,  have  been  shown  by 
Dr.  Barlow  to  be  of  autoclastic  origin.  The  amphibolites  are  in  part  Aatodaitic 
altered  volcanic  tufas.     A  great  volume  of  nepheline  syenite  hss  been  ""^ 
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shown  by  the  survey  to  occur,  associated  with  the  litDwtoDea  in  the 
southern  portion  of  the  area.  This  remarkable  rock  has  app&rentlj 
some  genetic  connection  with  the  limestones  a.nd  also  with  the  granites- 
Great  intrusions  of  gabbro  have  also  been  found  associated  with  the 
amphibolites  in  several  parts  of  the  distriot,  and  quite  apart  from 
these  latter  rocks  marked  evidences  of  volcanic  action  have  been 
observed  in  Mveral  parts  of  the  Bancroft  sheet. 

The  area  embraced  by  the  survey  is  one  which  contains  many  min- 
eral deposits  of  economic  value — iron  ores,  mica,  corundum,  apatite, 
mineral  paint,  etc.  These  have,  in  all  cases,  been  examined  and  tiieir 
description  will  constitute  an  important  chapter  in  the  report  now  in 
course  of  preparation,  which  will  form  a  compendium  of  all  that  is 
known  of  the  mineral  resources  of  the  area  in  question. 


BOTANT  AND  ZoOLOOT. 

Profetaor  John  Maeoun. 

Since  my  last  report  of  progress  was  completed  I  have  continued  to 
conduct  the  correspondence  and  to  perform  the  usual  routine  work  of 
this  Branch.  When  an  opportunity  offered  last  winter  I  worked  on 
Part  YII  of  the  Catalogue  of  Canadian  Plants  and  was  able  to  finish 
it  before  spring.  This  part  includes  the  HepaticK  (Liverworts), 
Liohenea  (Lichens)  and  an  addendum  to  Fart  VI — the  Musci.  It  is 
unneoessary  to  refer  in  detail  to  the  enormous  amount  of  work  involved 
in  the  above  and  in  the  examination  and  labelling  of  a  large  number 
of  specimens. 

The  following  table  will,  however,  give  some  idea  of  the  latter : — 

Liverworts l,87t 

Lichens 3,892 

Mosses 11,025 

Total 16,791 

These  16,791  specimens  are  now  in  the  cases  in  the  herbarium  and 
are  arranged  in  such  a  way  that  any  one  taking  Parts  VJ  and  VII 
of  the  catalogue  can  see  the  various  species  and  forms  mentioned  in 
the  text.  This  work  is  now  in  the  hands  of  the  Eing's  Printer,  and 
the  first  part — the  Liverworts — has  been  print«d, 

For  many  years  I  bad  desired  to  investigate  the  flora  of  south- 
western  Ontario  and  it  was  understood  before  the  death  of  Dr.  O. 
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U.  DftWHOn  that  I  shonld  take  np  that  work  dnrinK  the  summer  of 
I90I.  It  seemed  advisable,  from  a  soientiiio  etandpoint,  to  examine 
Ibe  flora  and  fanna  of  the  Grand  river  and  sea  how  they  compared 
with  tboee  of  the  aouth  shore  of  Lake  Erie.  Both  the  lale  Dr.  Dawson 
lod  yourself  considered  it  better  to  take  a  broader  field  and  to  look 
more  at  the  economic  side  of  the  queetion  and  make  some  sort  of 
report  on  the  fmit-produoing  oapabilitias  of  the  region  traversed. 
With  the  above  object  in  view,  I  left  Ottawa  on  Ma;  S  and  returned 
(HI  September  7,  after  spending  four  months  in  the  field. 

Owing  lo  the  work  I  have  had  to  carry  on  in  many  distant  fields 
lod  the  maltipUoation  of  daties,  a  proper  examination  of  the  flora  of 
the  interims  peninsula  of  Ontario  bad  never  been  made.  Sir  William 
Hooker,  in  a  letter  to  the  writer  in  1861,  urged  him  to  make  a  personal 
examination  of  the  shore  of  Lake  Erie  and  stated  that  less  was  known 
of  (he  fiora  bordering  on  the  great  lakee  than  of  that  within  the 
Arctic  circle. 

As  the  natural  flora  of  a  country  is  an  index  of  its  capabililaes  and 
climatic  conditions,  so  an  examination  and  enamer&tion  of  the  various 
apecies  of  plopts  growing  in  a  given  region,  will,  when  properly  under- 
stood, solve  the  problem  of  the  succees  or  failure  of  any  braaoh  of 
•gricalture  in  that  region.  Owing  to  this  knowledge,  the  writer  was 
eusblad  In  1S73  and  in  later  years,  in  the  face  of  continuous  oppoei- 
tion,  Ut  publish  to  the  world  the  suitability  of  Manitoba  and  the 
pnirie  r^on  generally  for  the  growing  of  cereals.  It  was  only  from 
a  knowledge  of  its  plants  that  he  could  do  this,  and  as  nature  never 
am,  his  prophecies  have  been  entirely  fulfilled. 

Of  late  years  fruit-growing  has  been  a  paying  branch  of  agriculture,  Fruit- 
and  the  Niagara  peninsula  and  Essex  county  have  been  the  advertised  (T'*'*^'' 
conntiee  for  its  production.  It  was  thought  that  an  examiaation  of 
the  country  would  show  that  these  areas  could  be  greatly  enlarged  and 
tLtt  fruit  culture  could  be  made  profitable  over  the  entire  district. 
Acting  on  this  thought,  the  country  between  the  Niagara  river  and 
0*ea  Sound  was  thoroughly  examined  during  the  past  summer  and 
over  1,400  species  of  plants  collected.  In  no  instanoe  was  anythiog 
found  to  iudicata  a  lack  of  warmth  and  everything  favoured  the  asser- 
tim  that  the  whole  region  was  suitable  for  the  cultivation  of  fruit, 
noging  from  small  fruits  to  cherries,  plnms,  apples,  pears,  peaches  and 
gripei.  There  can  be  no  question  regarding  this  matter,  as  wherever 
^  growing  of  fruit  has  been  attempted  it  has  been  a  suooess  if  properly 
undertaken.  The  purpose  of  thb  report  is  not  to  speak  of  fruit-grow- 
ing in  any  special  section  of  the  region,  but  to  refer  particularly  to  the 
utaral  fruit  and  its  bearing  on  the  products  of  the  soil  generally. 
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Nugats.  On  May  8  work  was  commenced  at  Ni^ara  FalU  and  a.  note  made 

of  the  plantB  fonnd  growing  within  a  radina  of  eleven  miles  of  that 
point  Special  attention  waa  given  to  the  old  forest  growth,  which 
largely  consisted  of  hickory  and  oak,  though  no  less  than  thirty  species 
of  treRS  were  enumerated.  Later  it  was  found  that  the  same  forest 
trees,  with  variations  on  account  of  soil,  extended  to  Windsor.  Thece 
trees  differ  very  much  from  those  met  with  on  Lake  Huron  and  east 
of  Toronto  and  it  may  be  safely  said  that  this  difference  in  the  forest 
growth  must  result  from  a  milder  climate  in  winter  in  the  south-western 
part  of  the  province.  Peaches  are  the  most  tender  fruit  grown  in 
Canada  and  at  present  heavy  crops  are  raised  between  Hamilton  and 
Queenston.and  indeed  wherever  attempts  have  been  made  in  the  Niagara 

Lnunuifctoa  peninsula.  A  similar  fruit  centre  is  the  district  around  Leamington 
and  Kingsville  in  the  county  of  Essex.  This  district  has  the  same 
forest  growth  that  is  found  at  Niagara  and  the  climate  ia  practically 
the  saue.  It  is  perhaps  needless  to  say  that  fruit  culture  with  profit 
can  be  carried  on  in  every  part  of  the  country  between  these  two 
points. 

Although  the  peach  has  been  just  selected  as  an  example,  it  was  not 
meant  to  exclude  ottaer  fruits.  Cherries,  plums,  peare,  apples,  grapes 
and  small  fruits  succeed  equally  well.  The  capacity  of  the  country 
under  discussion  for  growing  crops  has  hitherto  been  little  understood, 
as  tobacco  culture  is  only  now  becoming  a  remunerative  business. 
Only  a  few  years  ago  it  was  scarcely  thought  of  as  a  paying  crop,  yet 
in  1900  one  firm  paid  out  over  {250,000  for  that  raised  in  the  neigh- 
ToImujoo.  bourhood  of  Leamington.     A  very  large  tobacco  warehouse  was  being 

erected  at  Leamiagton  last  summer  by  another  firm  and  it  was  currently 
reported  when  I  was  there  in  August  that  R,000  acres  of  tobacco 
were  under  cultivation  for  it. 

Collections  of  plants  were  made  at  many  points,  and  in  every  locality 
visited  the  growth  was  noted,  and  the  conviction  forced  itself  upon 
me  that  the  capacity  of  the  whole  region  was  only  limited  by  the 
amount  of  intelligence  brought  to  bear  upon  its  natural  capabilities. 

Lske  HuroQ.  Less  time  waa  spent  on  Lake  Huron  than  Lake  Krie,  but  the  coun- 
ties bordering  on  the  former  and  on  Lake  St.  Clair  are  known  for 
their  grain  and  general  fertility  and  locally  for  their  fruit.  The  time 
will  come  when  the  export  of  apples  from  this  large  area  will  be 
second  to  that  of  no  other  part  of  Ontario.  The  soil  in  most  places 
is  of  the  right  kind,  being  largely  mixed  with  lime,  and  the  climate 
being  cooler  than  that  on  Lake  Erie,  the  fruit  will  be  later  in  ripening 
and  hence  will  keep  better. 
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Apple-raising  in  the  past  in  tOAny  district  baa  been  a  bap-hazard  Apple  reimiiK- 
bminees.  Eacb  farmer  pat  out  an  orchard,  getierally  leaving  the 
•gent  to  select  bis  stock,  took  more  or  leea  o&re  of  it,  and  waited  for 
leloma.  Returns  came  in  the  shape  of  fall  or  lat«  summer  apples  but 
atmnxiy  any  winter  varieties,  and  bence  no  return  in  a  monetarjr 
seose  for  the  time  and  labour  spent.  This  has  been  the  case  in  parts 
of  Esses  oounty,  where  fine  orchards  have  been  cat  down  because 
thej  yielded  onlj  unsaleable  fruit.  Orchards  planted  with  winter 
varietiea  tn  an;  of  the  counties  north  of  the  Thames  must  of  necessity 
be  expected  to  produce  good  fruit,  and  I  look  to  this  region  for  the 
fnture  winter  supply  of  Manitoba  and  the  Kortb-west  until  the  prairie 
provinces  produce  their  own  fruit. 

During  two  weeks  in  May  large  colleotions  of  botanical  specimens 
were  made  in  the  vicinity  uf  Niagara  Falls,  and  on  the  23rd  of  that 
month  I  look  the  train  for  Leamington,  in  Essex  county.  Though 
having  my  headquarters  there,  I  made  trips  to  Ridgetown,  Kings- 
ville,  Amer,  Amherstburg,  Sandwich  and  Windsor.  Tn  all  these 
[daces  I  secured  large  collections  and  added  numerous  species  to  out 
known  southern  flora.  From  a  cursory  inspection  very  little  can 
be  learned  except  in  a  general  way,  so  I  made  a  thorough  examination 
of  the  district,  and  am  satisfied  that  Lake  Erie  and  the  Detroit  river 
and  even  Lake  St.  Clair,  by  no  means  form  natural  limits  to  the  flora, 
either  of  Ontario  or  the  States  to  the  south.  This  deduction  is  based 
on  the  natural  floras  of  the  whole  districts  and  from  tbeir  identity.  It 
it  probable  that  the  Canadian  side  is  warmer  in  the  autumn,  owing  to 
the  beat  from  the  water  being  blown  in  upon  it  at  that  seasoD. 

Three  trees  which  range  as  far  south  as  Texas  come  to  perfection  Soutbem 
both  at  Niagara  and  Leamington,  and  very  likely  in  the  intervening  "^^■ 
wontry.  These  are  the  custard  apple  (AtimtM  iTitloba),  the  sassafras 
(Sanafrcu  offieinaU)  and  the  red  mulberry  (Moms  rubra).  These 
tree*,  coming  to  perfection  in  the  district,  show  that  its  climate  is 
toDcb  milder  in  winter  than  would  be  expected  from  its  latitude. 
The  herbaceous  plants  are  even  more  southern  in  their  facies,  and 
indicate  a  wann  summer  climate.  This  is  more  apparent  in  Essex 
coanty  than  it  is  in  the  vicinity  of  Niagara  Falls. 

Chatham  and  the  valley  of  the  Thames  was  visited  and  numerous  Valle}-  of  the 
rare  and  intereeting  plants  were  seen  in  perfection,  and  the  astonishing  '■""'"- 
growth  of  weeds  and  native  plants  gave  proof  of  the  richness  of  the 
toil  Here  is  seen  an  assemblsge  of  plants  that  it  was  hardly  ex- 
pected could  find  a  home  so  far  north.  These  were  cup  plant  (Silphium 
ptrfoliatum),  prairie  dock  (SiiphiuTii  terebinlhinaeeum)  and  Actinomerii 
tquofrcta,  all  of  which  grew  in  great  luxuriance  along  the  Thames. 
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Many  other  rare  and  beautifal  plants  were  seen,  bnt  nobe  equalled  the 
rose  mallow  (Nibitcug  tnoteheulot)  and  the  tall  orange  lily  (Liiium 
tuperbum),  which  were  far  from  rare  on  the  lino  of  railway  towards 
Windsor. 

A  visit  had  been,  made  to  Amheratburg,  Windsor  and  Sandwich  in 
June  and  many  thiogs  noted  as  worthy  uf  record.  On  this  acconnt 
the  last  ten  days  in  July  were  spent  at  Sandwich  and  a  large  collection 
of  plants  made,  which  had  many  points  in  comn>on  wich  prairie  speciee- 
Indeed,  many  species  found  in  the  woods  were  more  at  home  in  grassy 
glades  which  seem  to  have  been  their  ntttaral  habitat.  Of  these 
species  were  LiatrU  npicata,  L.  tcarioaa,  Ludinigia  cUlerni/olia,  L.  poly- 
earpa,  Vermmia  Macounii,  a  new  apeciea,  Lycopue  lucidm,  and  many 
others.  The  woods  were  full  of  species  that  heul  seemingly  only  crossed 
the  border,  though  some  of  these  were  found  at  Leamington  also.  The 
flora  of  Essex  county  requires  careful  examination,  and  many  species 
will  yet  be  found  that  have  not  hitherto  been  recorded  as  Canadian- 
These  are  rare,  of  coarse,  and  are  of  more  interest  to  the  botanist  than 
the  general  public. 

The  flora  of  Pelee  point  and  Pelee  island  is  of  this  character,  bnt  in 
tiie  little  time  at  my  disposal,  exhaustive  work  could  not  be  done.  On 
Felee  point,  however,  fine  specimens  of  the  blue  ash  (J^aainut  quad- 
rangnlata)  and  the  three- thomed  acacia  (Gledifsehia  lriacantho»}  were 
seen,  and  the  nettle  tree  (Cellig  occidenlalig)  occupied  more  than  half 
the  area  on  some  parte  of  the  point.  Pelee  island  has  many  interesting 
species ;  the  more  notable  trees  not  found  on  the  north  shore  were 
the  red  bud  (Cercia  Canadenais),  Kentucky  coflee  tree  (Oymnocladut 
Canadetuis),  and  Tilia  luterophylla,  a  southern  form  of  basewood. 

Some  time  was  spent  at  Wallaceburg,  near  Lake  St.  Clair,  and 
although  the  flora  was  very  rich,  few  species  not  seen  elsewhere  were 
noted.  The  wheat  fields  and  meadows  in  this  section  were  covered 
with  heavy  crops  and  large  areas  were  planted  wiUi  the  sugar  beet, 
which,  I  was  told,  ia  one  of  the  staples  of  the  district. 

The  careful  study  of  the  country  near  Sarnia  being  necessary,  I 
remained  there  for  ten  days  in  June  and  about  the  same  time  in 
August  Like  Sandwich  and  Windsor,  this  district  has  many  peculiar 
plants,  but  the  most  interesting  thing  noticed  was  the  influx  of  more 
northern  species,  showing  that  the  colder  water  of  Lake  Huron  hod  a 
tendency  to  lower  the  general  temperature.  It  would  be  interesting 
to  know  what  the  difference  of  the  winter  and  summer  temperature  is 
between  Windsor  and  Sarnia.  Here  the  hickories  and  oaks  had 
largely  disappeared  and  the  sugar  maple  was  the  principal  tree.     The 
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aandj  point;  aroand  Point  Edward  at  the  outlet  of  T<ake  Huron  and 
tlw  mtnh  bbtween  it  and  SaroiA,  has  a  flora  in  maa^  respects  peculiar 
to  itieU.  Being  either  sand  or  marsh,  its  flora  partakes  of  the  nature 
d  these,  and  is  not,  for  that  reason,  indicative  of  climate.  Visits  were 
mode  to  Camlachie  and  Wvoming,  where  the  nature  of  the  forest) 
mj  from  the  sand,  could  be  more  easily  seen. 

A  viait  to  Ooderioh  showed  that  the  Lake  Huron  forest  was  almost  Otrfericb. 
idantickl  with  that  of  Hastings  or  N^orthumberland  counties,  except 
that  elm,  maple  and  black  cherry  were  larger  and  better  developed  on 
lake  Huron  than  east  of  Toronta  If  umerous  herbaceous  plants  were 
nen,  but  very  few  were  uncommon  or  of  peculiar  interest.  In  the 
river  bed  tuberous  Indian  plantain  (Caealia  tub«rota)  was  found,  and 
tnociated  with  it  another  rare  species,  Great  St.  John's  wort  (Byperi- 
am  Atcyron).  '  The  valley  of  the  river  Maitlaod  is  deep  and  quite 
nirroir  near  its  month,  and  on  this  account  has  not  the  flora  which  is 
ntnally  found  in  such  places. 

Between  Gk>dericb  and  Southampton  the  forest  everywhere  proved 
that  the  estimate  I  had  formed  of  it  on  the  lower  part  of  Lake  Huron 
beld  good.  The  same  terms  may  be  applied  to  the  lower  part  of  thi 
Brace  peoinsDla  and  the  country  between  Southampton  and  Owen 
SoDnd.  Indeed  tbe  whole  district,  extending  almost  to  Colliogwood, 
msy  be  included  in  the  future  apple-growing  area  of  western  Ontario 

An  eiamination  of  the  Bruce  peninsula  showed  that  from  the  Fish-  Bruce 
ing  ialands  to  Cape  Hnrd  or  Tobermory  the  shore  facing  Lake  Huron 
*as  iow  and  almost  bare  of  soil,  with  shallow  water  for  a  long  distance 
from  tbe  land.  Od  shore,  tbe  land  rose  gradually  and  was  very  rocky 
sod  totally  nnfltted  for  cultivation.  The  coast  facing  the  Georgian 
Bay  was  said  to  be  quite  elevated  and  the  land,  at  least  in  part,  suited 
for  farming  purposes. 

From  the  plants  found  along  the  shore  I  surmise  that  the  ice  U  piled 
Diere  ia  spring  and  that  vegetation  is  somewhat  retarded  thereby. 
Alters  and  other  composites  were  in  groat  profusion,  and  some  forms 
*ere  collected  that  may  possibly  be  new  to  Ontario.  If  ear  Tobermory 
nuny  new  species  were  collected,  among  them  Solidago  Gillmani, 
new  to  Canada,  and  Salenium  Huronena»,  new  to  science.  Owing  to 
>lw  clearness  of  the  water,  there  was  no  difficulty  in  seeing  the  bottom 
U  twenty-five  and  even  thirty  feet.  The  lake  for  hours  would  often  be 
perfectly  smooth  and  whilo  the  lead  was  being  cast  we  could  examine 
tbe  bottom  by  looking  over  the  side  of  tbe  boat. 

Daring  the  last  two  months  of  field-work  I  was  assisted  by  Mr. 
Percy  Matshall  and  with  his  help  was  enabled  to  make  much  larger 
coileotions  than  would  otherwise  have  been  possible. 
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With  the  exception  of  a  few  reptiles  »iid  batnchiaiis  no  natural 
history  apeoimenB  besides  plants  were  colleoted. 

CoUeciiotu  As  usual  there  have  been  many  collections  of  plants  examined  at 

the  office  besides  those  brought  in  by  the  members  of  the  staff.  Three 
collections  from  Prince  Edward  Island,  sent  hj  Mr.  I<awrenoe  Watson. 
A  very  fine  collection  from  Labrador,  sent  by  Dr.  Alex.  HcKay.  A  large 
and  valuable  collection  from  Antieoiti,  sent  by  the  Abb^  Laflamme, 
of  Laval  TJniveraity,  Que.  A  collection  of  Ontario  plants  sent  by  Mr, 
W.  Scott,  head  master  of  the  Normal  School,  Toronto.  Collectiona 
made  at  Banff,  Rocky  Mountains,  were  eent  by  Mr.  N.  B.  Sanson, 
curator  of  the  museum  there.  Collections  were  sent  from  British  Colum- 
bia, by  J.  A.  Pinco,  B.A.,  head  master  of  the  High  School,  Victoria,  by 
J.  B.  Anderson,  Deputy  Minister  of  Agriculture,  Victoria,  and  by  R. 
H.  Jameson,  who  collected  in  many  parte  of  the  province.  Mr. 
Owilliro,  formerly  a  member  of  this  staff,  sent  a  very  nice  collection 
from  Nelson,  B.C.,  and  another  was  received  from  Mias  E.  Girdwood, 
ot  Cottonwood,  B.C.  Beeides  these  many  minor  collections  were  sent 
to  the  office  and  the  naming  of  these,  with  the  correspondence  involved, . 
took  far  more  time  than  the  above  enumerations  would  convey  to  the 
reader.  My  own  collections  this  year  amounted  to  over  2,600  sheete 
of  specimens,  representing  upwards  of  1,600  species.  The  sorting 
and  naming  of  these  and  getting  them  in  order  was  no  small  under- 
taking, but  this  has  been  done  since  my  return  from  the  field. 

I  am  now  engaged  in  reading  the  proofs  of  Fart  VII  of  the  Catalogue 
of  Plants,  and  in  preparing  the  MSS  of  Part  IJ  of  the  Catalogue  of 
Canadian  Birds,  which  I  hope  to  have  nearly  completed  by  next  spring. 

Future  work.  'Hie  writing  of  Fart  Till  of  the  Catalogue  of  Canadian  Plants  is 
in  contemplation ;  this  will  conclude  my  work  on  Botany.  Whea 
written  it  will  include  the  charocete,  sea-weeds  and  at  least  1,000  npeoi- 
mens  of  fungi.  Before  completing  this  work,  however,  it  will  be 
necessary  to  have  a  better  knowledge  of  the  aeo-weeds  of  the  St.  Law- 
rence river  and  gulf.  Large  collections  have  already  been  made  of 
the  Pacific  coast  species,  and  consequently  our  knowledge  of  them  is 
much  more  complete  than  of  those  nearer  home 

FccMittatioiw. 

PreMntationt. — Mr.  C.  Scrim  presented  to  the  museum  a  section  of 
two  trees,  Pimtt  ttrobut  and  Qu«rrut  rubra,  which  had  grown  together 
in  the  form  of  an  X  ;  the  specimen  is  about  three  feet  high  and  the 
two  trees  were  fastened  together  by  the  bark. 

A  very  fine  specimen  of  Polyporti^  fomentariui  was  presented  by 
Mr,  Leggatt,  of  the  Evening  Journal. 
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A  gpecimen  of  wood  showing  an  extraordinary  example  of  the  filling 
op  ud  repair  of  tisaue  was  sent  to  the  innseum  by  U.  L.  W.  Shipman, 
<i  Alnwate,  Ontario. 

My  assiHtant,  Mr.  J.  M.  Macoun,  did  not  return  from  the  Paris  Herlarit 
Eibibition  until  January,  and  on  that  account  the  uuinber  of  speci- 
meiu  monnted  and  distributed  during  the  year  was  not  aa  large  as  it 
voold  otherwise  have  been.  Since  my  last  summary  report  was  writ- 
ten {,195  aheeta  of  specimens  have  been  mounted  and  placed  in  the 
herbuium  cases.  Of  these  2,150  were  Canadian,  576  from  the  United 
States  ftud  579  from  Europe  and  other  foreif^  conntrieA  ;  910  sheets 
of  Ciyptogams  were  also  mounted;  1,660  sheets  of  apecimena  were 
distributed  from  the  herbarium,  chiefly  in  exchange  for  specimens 
recNTed.  The  principal  institutions  to  which  specimens  were  sent 
m: 

New  York  Botanical  Gardens 257 

U.  S.  National  Museum 263 

Kew  Gardens 220 

Natal  Botanical  Gardens 150 

"e  are  still  very  deeply  in  debt  for  specimens  received  from  indi- 
viduals and  public  institutions,  bat  hope  dnrii^;  the  coming  winter  to 
find  time  to  label  and  distribute  a  sufficient  number  of  specimens  to 
more  than  balance  all  our  acconnts. 

Several  large  contributions  have  been  made  to  our  herbarium  from 
foreign  countries  during  the  past  year.  These  include  collections  from 
Alaska,  sent  by  the  N.Y.  Botanical  Gardens,  from  the  Western 
Fnited  States,  sent  by  the  U.S.  National  Museum,  and  about  1,100 
specimens  from  the  Mi8M>uri  Botanic  Gardens.  These  last  are  a  part 
of  Dr.  Eagelmann'a  private  collection. 

The  employment  of  Miss  Stewart  as  onr  clerical  assistant  will  enable  Work  of 
US  to  bring  the  general  work  of  the  branch  more  nearly  np  to  dat« 
this  winter  than  it  bos  been  before.  Since  her  employment  she  has 
been  chieQy  engaged  in  filing  arrears  of  letters,  writing  labels  and  in 
completing  the  numbering  of  the  sheets  of  botanical  specimens  in  our 
herbarium.  Since  January  1,  Miss  Stewart  has  for  two  hours  each 
day  assisted  the  librarian.  Several  years  ago,  we  adopted  the  system 
of  placing  a  running  number  on  every  sheet  of  specimens  mounted, 
•nd  Mias  Stewart  has  just  completed  the  numbering  of  the  Canadian 
tpecimeos  mounted  before  this  system  was  adopted.  Of  Canadian 
floveriog  plants  alone  we  have  now  33,431  mounted  sheets. 
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After  his  return  frocD  Paris,  mj'  assistaat  (Mr.  J.  M.  Maconu)  was 
chiefly  occupied  until  apring  with  oucumul&ted  arrears  of  oflice  w<wk, 
which  included  the  determinations  of  Bpecimeos  left  over  from  previ- 
ouB  years.  During  May  he  spent  some  time  in  a  further  study  of  Uie 
violets  (^  the  region  about  Ottawa,  Beveral  new  species  being  added 
to  those  already  known.  Descriptions  of  these  and  other  new  species 
have  been  published  from  time  to  time  in  The  Otfatoa  Naiuralitt  and 
elsewhere,  and  I  would  respectfully  draw  your  attention  to  the  need 
of  some  publication  in  the  form  of  an  aannal  bulletin,  in  which  we 
could  record  the  progress  made  in  Natural  History  work  in  Canada. 

OF  THE  INTERITATlOirAL  BODNDABI. 


Mr.  J.  M.  Maooun  having  been  appointed  naturalist  to  the  Canadian 
International  Boundary  Commission,  joined  Mr.  J.  J.  McArthar's 
party  at  Chilliwack,  B.C.,  on  June  11,  and  worked  in  the  Chilliwook 
valley  until  September  3.     He  makes  the  following  report : 

'As  soon  as  I  was  notified  of  my  appointment  as  Daturalist  to  the 
Boundary  Commission,  I  took  steps  to  secure  the  services  of  Mr. 
William  Spreodborough  of  Bracebridge,  Ont.,  who  has  been  attached 
to  one  or  other  of  the  Geological  Surveiy  parties  as  field  naturalist 
during  every  season  but  one  since  1688.  Mr.  Spreadborough  went  at 
once  to  Chilliwack  and  had  been  collecting  birds,  mammals  and  plants 
in  that  vicinity  for  about  three  weeks  when  I  reached  there  on  the 
afternoon  of  June  11.  My  instructions  were  to  join  Mr.  McArthur 
as  eooQ  as  possible.  Mr,  McArthur  happening  to  visit  Chilliwack 
that  evening,  I  delayed  my  departure  until  the  next  day,  when  I 
accompanied  him  to  his  camp  about  twelve  miles  from  the  village. 

'  Having  learned  from  Mr.  McArthur  that  his  progress  up  the  Chilli- 
wack river  was  very  alow  on  account  of  the  difficulty  he  was  experi- 
encing in  cutting  a  trail  through  the  dense  forest,  I  decided  that  I 
would  remain  on  the  outskirts  of  the  forest  until  he  had  reached  Chilli- 
wack lake.  This  arrangement  permitted  me  to  make  a  very  thorough 
study  of  the  flora  and  fauna  of  the  valley  in  the  immediate  vicinity  of 
the  Chilliwack  river,  and  of  the  low  hilla  which  bordered  it  in  the 
vicinity  of  our  camp.  At  this  time,  and  dnring  the  whole  season,  Mr. 
Spreadborough  was  occupied  in  collecting  and  preserving  the  skins  of 
birds  and  small  mammals. 

'  After  remaining  two  weeks  at  "  Macguire's  "  where  my  first  camp 
was  established,  I  moved  about  ten  miles  up  the  river  to  "  Thurston's  " 
where  there  was  a  small  clearing.     After  collecting  there  for  a  few 
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tUjrg  I  Btartod  for  Chilliwock  l&ke  oo  July  5,  Mr.  MoArthur  fnrDlshiDg  ChiUiwack 
me  with  the  maanB  of  transport.  From  Julj  6  uutilJnljSl  I  worked '"°' 
in  the  vicinity  of  Chilliwack  lake,  asoeading  moat  of  the  mouataiiis 
which  border  it.  In  nearly  all  of  thnse  ascents  I  was  accompaaied  by 
Mr.  Sprettdborongb  luid  when  necessary  we  c&mped  for  one  or  more 
oightsnear  thesnoimitof  the  mountain  ws  happened  to  be  on.  During 
die  period  I  was  on  Chilliwock  lake  I  made  Mr.  McArthnr'a  camp  my 
headquartera,  and  was  furaiahed  by  him  with  suppliee  and  transport 
whenever  I  required  them. 

'Between  July  31  and  August  19  I  worked  slowly  down  the  Chilli- 
wack river,  ascending  monntains  to  the  north  and  south  of  the  river. 
Tbme  days  were  spent  on  the  Cbeam  range  and,  with  the  exception  of 
Ibis  trip,  my  whole  work,  up  to  this  date  was  dune  either  on  the  Inter- 
Dfttdonal  Boundary  or  within  a  few  miles  of  it.  Even  when  on  the 
Cbeam  range  the  boundary  was  only  about  ten  miles  distant. 

'On  August  20,  I  went  to  Sumas  lake  in  order  to  study  the  flora  of 
the  MM^led  Sumass  "  prairie  ".  I  remained  there  three  days  and  made 
■  complete  collection  of  the  plants  in  the  vicinity  of  the  lake,  while 
Mr.  Spreadborongb  collected  birds,  mammals  and  reptiles. 

'Rejoining  Mr.  McArthur's  camp  at  the  mouth  of  Tami  Hy  creek  Speoinwna 
Hr.  Spreadborough  and  I  ascended  the  mountain  of  the  same  name  on 
Angost  28,  camping  near  the  summit  for  three  days.  This  Hnisbed 
my  botanioal  work  for  the  season  and  I  started  for  Ottawa  on  Septem- 
ber 3,  leaving  Mr.  Spreadborough  to  collect  birds  and  smalt  mammals. 
He  continued  at  work  until  November.  The  result  of  the  wason's 
work  in  specimens  was  1,972  sheets  of  botanical  specimens,  442  skins 
of  birds  and  mammals,  about  300  reptiles  and  b&trAchtans,  and  a  few 
shells  and  insects. 

'Since  my  return  from  the  field  my  time  has  been  in  part  occupied  New  Bpedea. 
in  studying  the  spedmens  collected  during  the  summer.  In  nearly 
every  large  genus  of  plants  new  npecies  were  discovered  and  many 
species  hitherto  unknown  in  Canada  were  oollect«d.  It  will  require 
the  whole  wintor  to  work  the  specimens  up  properly,  and  no  detailed 
report  on  either  the  plants  or  animals  of  the  Chilliwack  valley  can  be 
written  until  this  is  done.  The  specimens  collected  in  British  Colum- 
bia in  previous  years  are  being  studied  with  those  collected  in  1901, 
sod  my  complete  report,  when  published,  will  include  the  work  done 
by  other«  in  earlier  years. 

'The  arrsngemeat  by  which  I  was  made  dependent  upon  Mr. 
McArthur  for  supplies  and  transport  worked  satisfactorily  in  every 
respect  and  Mr.  McArthur  not  only  was  at  all  times  willing  to  assist 
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me  in  mj  work,  but  bis  long  experietioe  in  monatain  survajriag  &nd 
explorattOQ  enabled  him  to  make  maoj  suggestions  to  me  that  greatly 
increased  the  results  of  my  work. ' 


On  Bobimos  tor  Natural  Gas,  Petholrvh  aitd  Wateb;  also  Notes 

ON  Tax  SORTACK  ObOLOOT  OF   PART   OP  OkTAKIO. 

Dr.  Robert  Chatmert. 

Tour  instructions  to  me  in  May  last  regarding  field-work  for  the 
season  were  to  undertake  an  investigation  of  the  wells  and  borings 
for  petroleum,  natural  gns,  brines  and  potable  waters  in  that  part  of 
the  province  of  Ontario  extending  from  the  St.  Lawrence  river  west- 
ward to  Lake  Erie  and  Lake  Huron,  and  also  to  study  the  surface 
^^logy  at  all  localities  which  might  be  visited.  Considerable  progress 
has  been  made  in  this  work,  but  owing  to  the  extent  of  the  field  and 
the  varied  character  of  the  investigatiiona,  it  could  not  be  carried  ont 
in  Buffideot  detail  in  the  time  allotted  to  enable  me  fully  to  report 
upon  it.  This  is  more  particularly  the  case  in  regard  to  the  inquiry 
concerning  natural  gas  and  oil,  and  the  water  supply  of  cities  and 
towns.  Although  it  was  found  difficult  to  get  exact  data  on  these 
subjects,  still  a  large  amount  of  valuable  information  has  been  secnred. 
A  great  deal  of  exploratory  work  in  search  of  gas  and  petroleum 
is  now  going  on,  the  results  of  which  are  not  yet  available.  More- 
over, some  of  the  smaller  gas  and  oil  fields  recently  exploited  seem 
likely  to  be  extended,  and  it  would  be  premature  at  present  to  make 
any  statements  regarding  their  prospective  value.  All  that  can  be 
done  in  this  report,  therefore,  is  to  record  as  briefly  as  possible 
the  facts  which  came  under  my  notice,  making  special  mention  of 
matters  of  oconoiQio  importance.* 

I  left  Ottawa  on  the  21et  of  May  and  commenced  work  at  PrescotL 
Dr.  Ells  of  this  Survey  joined  me  at  Brookville,  and  a  few  days  were 
spent  by  us  between  that  place  and  Kingston,  endeavouring  to 
ascertain  the  relation  between  the  marina  Pleistocene  deposits  in  the 
upper  part  of  the  St  Lawrence  valley  and  the  clays  and  sands  of  the 
Lake  Ontario  basin.  The  western  limit  of  the  marine  beds  was  found 
at  Brockville  and  northward  along  the  line  of  the  Canadian  Pacific 
railway  to  Smith's  Falls,  while  Erie  clay,  ncppoeed  to  be  of  fresh  water 
formation,    was   noted    at    Lyn,    Gananoque,    Kingston    and    west- 
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word,  ProoeedtDg  from  Eingeton  to  the  aatur»l  gaa  aod  petroleam 
fields  of  the  Oatario  peninBolo,  I  was  engaged  almost  uamterruptedly 
in  that  regiou  till  the  cloee  of  field-work  un  the  12th  of  October. 

TBI   OIL  riKLDS  OP   LAHBTON  OODHTT. 

Ihe  oil  wells  of  Fetrolea,  Oil  Springs  and  Sarnia  uatarall;  demsiided  Lunblon 
the  fint  attention  from  their  importance.  In  this  investigation  I  was 
greatly  aasisted  oy  Mr.  James  Kerr,  of  Fetrolea,  who  has  made  a  special 
■tndj  <f  the  oil  wells  of  Ontario  since  the;  were  first  operated.  A  num- 
ber of  these  wells  have  been  yielding  oil  since  1860-61,  and,  as  might  Yieldiiwoil 
be  expected,  there  has  been  a  greater  or  less  falling  off  in  the  quantity 
[Hudaced,  a  certain  proportion  of  the  wells  giving  out  from  time  bo 
time.  A  large  nomber  of  new  wells  have,  however,  been  pnt  down  every 
year,  so  that  die  supply  of  oil  has  been  kept  up  nearly  to  the  average. 
The  usual  depth  of  the  oil-hearing  formation  b  from  450  to  47&  feet.  Thickneuof 
As  the  surface  deposits  are  from  100  to  125  feet  thick,  the  rock  has 
to  be  penetrated  only  about  350  feet.*  Well  drilliog  is,  therefore, 
QOt  A  very  expensive  business,  and  in  some  parts  of  the  Fetrolea  field 
the  ground  ia  literally  riddled  with  welts,  which  are  often  not  more 
thu)  200  to  300  feet  apart.  At  present  there  are  few  of  these  that 
yield  more  than  a  barrel  of  oil  a  day,  while  most  of  them  funush 
much  lees.  One  operator  informed  me  that  he  had  120  wells  in  a 
certain  part  of  the  Fetrolea  field  which  gave  him  about  100  barrels  of 
oil  a  week.  This  may  perhaps  be  taken  as  the  average  yield.  The  Average;ietd. 
totsl  number  of  wells  now  producing  oil  in  the  county  of  Lambton  is 
■pproiimately  estimated  at  from  10,000  to  11,000.  They  all  terminate 
in  the  Coroiferons  formation.  The  greater  part  of  the  petroleum 
obtained  from  the  weHs  of  Lambttm  county  is  sold  to  the  Imperial 
Oil  Company,  whose  refinery  is  at  Sarnia. 

A  deep  test  well  was  drilled  at  Fetrolea  in  1900,  terminating  some  Test  well. 
132  feet  in  the  Trenton.     The  total  depth  of  the  well  was  3,777  feeL 
The  Onondaga  salt  group  was  struck  at  1,375  feet  and  was  found  to  be 
S95  feet  thick.  The  water  in  the  well  was  shut  off  by  a  6^  inch  casing. 
No  oil,  gas  or  salt  water  was  found. 

Bothwdl  OH  Field. 

A  new  local  oil  field  has  been  opened  up  near  Bothwell  in  the  town-  BothwelL 
ship  of  Zone,    Kent  county,    a  short  distance  to  the  south-west  of 
the  former  oil  field  of  the  Thames  valley  in  the  township  of  iUosa, 
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which  naa  known  as  the  Bothwell  field  aad  wrought  for  eomo  jeftrs. 
This  new  oil  pool  Hes  between  the  Orsjid  Trunk  railway  and  the  Thames 
river,  about  two  miles  and  a  half  weet  of  the  village  of  Bothwell.  Mr. 
J.  F.  Oarman  was  the  discoverer.  He  and  Dr.  Fairbanks,  Mesara. 
Brewer  and  Fuddicombe,  together  with  Hiram  Walker  Je  Sons  are  the 
principal  operators.  Messrs.  Clark  and  Elliot  have  oil  wells  to  the 
east  of  Bothwell  village.  The  oil  is  found  in  a  limestone  at  about  400 
feet  beneath  the  surface,  or  rather  from  395  to  410  feet.  The  beds 
paaaed  through  in  drilling  oonsiat  of  (1)  310  to  212  feel  of  surface 
materials,  (2)  a  few  inches  of  dark  shale,  probably  Hamilton,  and  (3) 
175  to  200  feet  of  Corniferoua  limestone.  Each  of  the  operators  men- 
tioned has  a  separate  oil  area  aad  power-house.  The  total  number  of 
producing  wells  at  the  time  of  my  visit  was  from  200  to  240,  but  new 
ones  are  oontinually  being  sunk.  The  yield  of  oil  is  from  ten  to  fifty 
barrels  a  month  for  each  well,  and  a  total  of  5,000  to  6,000  barrels  a 
month  for  the  whole  oil  field. 

The  oil  belt  is  five  or  six  milee  long,  following  the  Tbomes  river,  and 
from  a  half  to  Ihree-qnarters  of  a  mile  wide ;  hut  a  smaller  oil  pool 
has  lately  been  opened  up  to  the  north  of  this,  on  what  is  supposed  to 
be  a  separate  anticlinal.  In  this  oil  field,  there  are  said  to  be  three  or 
more  north-east  and  south-west  anticlinal  axes— one  main  axis  and 
several  subordinate  ones.  Another  series  of  antaclinala  crosses  these 
t,t  a  wide  angle.  The  productive  oil  wells  are  found  at  the  intersnotion 
of  the  two  sets.  The  dip  is  lower  on  the  southern  udes  of  these  anti- 
olinals  than  on  the  northern,  and  consequently  oil  occurs  further  from 
the  axes  on  the  fonner  side. 

Ihttton  Oil  Field. 

Another  oil  pool  has  recently  been  opened  up  at  Dutton,  in  the 
township  oE  Dunwich,  Elgin  county,  about  three-quarters  of  a  mile 
from  the  f^ke  Erie  shore.  The  wells  here,  thirty-two  in  number,  yield 
from  1,000  to  1,100  barrets  a  month.  They  are  about  436  feet  deep, 
256  feet  oE  this  being  surface  beds.  The  rock  coneiste  of  166  feet  of 
limestone,  probably  Corniferous,  with  sandstone  beneath.  The  oil  is 
said  to  be  in  the  sandstone. 

TUsonburg  Oil   WeUi. 

Welts  from  which  oil  was  obtained  were  sunk  in  Dereham  township 
near  Titsonbarg  in  1861.  Recently  several  other  wells  were  drilled  in 
the  vicinity  of  this  town,  but  they  failed  to  give  oil  in  quantity.  Last 
year,  however,  Mr.  J.  W.  Cuthbertson,  of  Tilsonburg,  sank  two  wells  in 
the  valley  of  Big  Otter  creek,  below  the  town  and  has  met  with  success. 
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The  upper  well  (No.  1)  ia  just  above  the  Qrand  Trunk  nulway 
bridge  (Wabash  line)  on  lot  6,  concesBion  XII  of  Dereham  in  Oxford 
cooQtj.  The  boring  is  268  feet  deep  and  passes  through  (1)  surface 
beda  81  feet,  (2)  rook  187  feet,  the  latter  oonaiating  of  limestone 
(Comiferoas)  (uid  sandstone  beneath,  as  at  Dutton.  The  floir  of  oil 
from  this  well  ia  about  24  barrels  a  day. 

Na  2  well  is  about  a  mile  and  a  half  below  No.  1,  in  the  valley  of  Tbree  new 
Otter  creek.  Ia  it  the  beds  passed  through  consiBt  of  74  feet  of  sur- 
face materials,  with  limestone  and  sandstone  beneath,  as  in  No.  1  well. 
The  oil  comee  from  the  sandstone,  which  is  probably  of  the  Oriskany 
formation.  This  well  (No.  3)  yielded  at  first  about  seven  barrels  in 
the  34  honra,  but  die  flow  fell  off  to  about  a  barrel  and  a  half  at  the 
time  of  my  visit. 

A  new  well  (No.  3)  was  being  drilled  when  I  was  tuere  (October  7), 
about  midway  between  the  two  others.  A  depth  of  165  feet  had  been 
reached  and  the  limestone  at  that  horizon  had  a  perceptible  odour  of 
petroleam. 

The  facts  in  regard  to  these  smaller  oil  pools  show  that  the  districts 
in  which  they  occur  were  not  thoroughly  explored  in  former  years,  and 
that  not  only  the  Comiferons  limestones  bat  the  underlying  saadstooe 
is  oil-bearing. 

NATURAL  OAS. 

The  principal  gas  fields  of  Ontario,  as  ia  well  known,  are  situated  in  Nattinl  gat. 
Essex  and  Wetland  oounties.     The  Essex  field,  first  opened  up  in  1891, 
bss  been  the  meet  productive.     It  is,  however,  of  very  limited  extent, 
being  only  about  five  miles  long,  following  the  I^ke  Erie  shore  from  Elugtville. 
Kiugsville  to  Lewnington,  and  about  one  mile  wide.     To  show  how  this 
small  field  has  been  drawn  upon,  it  may  be  stated  that  there  was 
exported  from  it  to  Detroit  alone  between  February,  189fi,  and  July, 
1901,  9,639,35&,600  cubic  feet  of  gas.    These  are  probably  minimum 
Ggnree  and  besides  there  was  a  oonaidersbla  export  to  Toledo,  not  to 
iDontion  the  quantities  supplied  to  the  Canadian  towns  and  villages. 
This  heavy  drain  on  the  gas  storage  of  snob  a  small  area  could  natur-  Eihaiution. 
sll;  have  but  oae  result,  namely,  speedy  exhaustion,  and  for  the  last 
fear  or  two  the  supply  has  declined  so  rapidly  that  consumers  fear 
they  may  very  soon  be  left  without  aay  gas  at  all.     In  the  hope  of 
maintaining  the  supply,  the  United  Qas  Company  undertook,  daring 
the  past  summer,  to  clean  out  and  deepen  the  existing  wells  and  to 
■ini  others  to  a  considerable  depth  in  the  gas  field  in  order  to  test  the  Deep  wells. 
PRduotiveness  or  otherwise  of  the  Trenton  formation.    The  salt  wat«r 
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woa  pumped  ont  of  the  wells  and  it  wu  found  that  this  operation  wa» 
followed  by  an  increase  in  the  gas  pressure,  but  it  was  only  temporary, 
for  soon  after  pumping  ceaiied,  the  welts  went  back  to  their  former 
condition.  In  the  deep  wells  no  gas  was  found,  though  the  Trenton 
seems  to  have  been  reached  at  eeveral  points.  Since  lay  return  from 
the  field,  however,  I  have  heard  that  a  new  supply  has  been  obtained 
from  a  well  sunk  at  Wheatley,  but  particulars  are  wanting. 
Gm  from  oil  Several  of  the  oil  wells  in  Samia  and  Flympton  townships,  Lambton 
county,  yield  gas  in  small  quantities,  sufficient  to  heat  and  light 
the  farm  houses  in  the  vicinity  and  furnish  the  power  necessary  to 
drive  the  pumps  of  the  oil  wells.  The  gas  from  these  has  been  used 
for  many  years. 

Gai  in  tha  Thames   Valley, 

Tbamea  Natural  gas  is  found  in  ttie  surface  deposits  on  the  south  side  of  the 

™'  Thames  in  the  townships  of  Urford  and  Aldborough,  at  a  depth  of  9& 

feet.  A  hard-pan  occurs  here,  beneath  which  there  is  a  bed  of  sand 
and  gravel.  It  is  in  this  that  the  gas  is  found.  The  farmers  bore  for 
it  and  pipe  it  to  their  houses,  using  it  for  heating  and  lighting  pur- 
poses. 

The  WeUind  Gtu  Field. 

Wellnnd  gu  This  is  the  largest  known  gas  area  of  the  province,  being  eight 
or  ten  miles  long  and  from  two  to  four  miles  wide,  and  has  been 
operated  since  1890.  The  principal  portion  of  the  gas  is  piped  to 
Fort  Erie  and  Buffalo,  K.T.  The  wells  are  from  7dU  to  850  feet 
deep.     In  the  shallower  wells  to  the  west  of  the  Welland  canal  the 

SoDKMof  the  gas  is  said  to  come  from  the  Clinton,  and  in  the  deeper  wells  to  the 

^*''  east  and  south-east  from  the  Medina,  although  these  formations  naay 

not  be  its  original  source.  Mr.  D.  A.  Coste,  manager  of  the  Fro<rin- 
cial  Gas  Co.,  informs  me  that  very  little  falling  off  is  noticed  in 
the  supply  of  gas  in  the  Welland  field.  The  company  employs  men 
who  look  carefully  after  the  wells,  keeping  them  clean  and  pumping 
out  at  once  any  water  which  may  get  into  them. 

Deep  welle.  Deep  wells  have  recently  been  sunk  in  the  Welland  field — one  on 

tot  4,  conoeasioD  V,  township  of  Willoughby,  (Ko.  143)  to  the  depth  of 
3,032  feet.  Drilling  stopped  at  what  was  supposed  to  be  the  Calcif- 
eroua  formation.  Salt  water  was  struck  at  3,030  feet.  There  was 
little  showing  of  gas,  and  this  only  in  the  bottom  sandrock.  The 
Clinton  formation  was  reached  at  473  feet  from  the  surface  and  the 
Medina  at  &94  feet;  the  base  of  the  Medina  at  614  and  the  summit 
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of  the  Treoton  at  2,313  feet.     From  the  bue  of  tLe  Medina  to  the 
sammit  of  the  Trenton  the  rocks  eeemed  to  be  all  shales, 

Another  deep  well  iras  drilled  on  lot  9,  oonoeasion  II  of  HTiinber- 
itone,  seven  miles  south-weet  of  the  last.  The  granite  wu  atrook  at 
3,300  feet.     Neither  gas  noF  oil  was  found. 

Tha  DitnnvUle  Gas  Area. 

In  Haldimand  county,  fonr  or  five  miles  nortb-east  of  the  town  of  I><umville  gu 
DannTille,  gas  has  been  found  in  paying  quantity.  The  gas  wells 
an  aitoated  in  Monlton  township,  near  Dilti  station  on  the  Michigan 
Ceatrnl  rulway.  One  of  these,  when  Bunk  a  few  years  ago,  yielded 
1,000,000  cubic  feet  a  day.  Other  wells  producing  gas  in  less  quan- 
tities have  been  drilled  io  this  area.  The  town  of  DnonTille  is  sup- 
plied with  gas  from  wells  in  this  vicinity.  Drilling  was  going  on  at 
tlie  time  of  my  visit,  and  it  is  supposed  the  gas  field  extends  further 
to  tiie  Eorth-eaet  towards  the  county  tine.  The  depth  of  the 
walls  and  the  thickness  of  the  formations  yielding  the  gas  are  the 
same  as  in  the  Welland  field  west  of  the  canal.  The  surface  deposita 
am  about  100  feet  thick.  About  twenty-one  wells  have  already  been 
drilled.     Salt  water  is  reached  at  300  to  400  feet 

Oaa  in  PeUe  Island. 

Qu  and  petroleum  were  found  maay  years  ago  on  Felee  island,  in  Qtt  in  Pdee 
tfae  geoli^cal  horizon  at  which  they  occur  in  Essex  county,  but  in  "^'"■- 
<]tiite  limited  quantitiee.  Since  that  time,  further  development  work 
hag  been  attempted  but  without  satisfactory  results.  The  wells  are 
ntoated  in  the  central  part  of  the  island  and  were  sunk  to  a  depth  of 
about  800  feet.  Only  two  derricks  were  standing  at  the  time  of  my 
vigit,  and  the  pump  at  one  of  these  was  idle.  A  small  fiow  of  gas  was 
escaping  with  the  oil  from  the  other  well.  This  is  piped  and  utilized 
in  heating  a  couple  of  farm  houses  in  the  vicinity.  These  wells  were 
pnt  down  near  an  anticline  in  the  highest  part  of  the  island. 

The  Beptoorlh  6m  Wells. 

Borings    for   natural    gas    and  oil    were    carried  on   at  different  Hepwortn  gaa 
places  in  the  counties  of  Orey  and  Bruce  foe  some  years,  but  without 
success.     I^at  year,  however,  a  company  called  The  Qrey  and  Bruce 
Oil  and  Qas  Company,  Limited,  was  formed  and  commenced  operations 
in  (he  vicinity  of  the  village  of  Hepwortb.     Two  wells,  starting  in  the 

iagara  formation)  were  sunk  into  the  Trenton  limestone.     The  first 
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Dwdio*  (So.  I)  WM  put  down  to  a  depth  of  1,420  feet  and  is  reported  to  haTe 
fielded  250,000  cubic  feet  of  gu  per  day.  This  well  gave  salt  water 
at  760  feet  from  the  snrtaoe.  No.  2  well  waa  drilled  to  a  depth  <rf 
1,409  feet,  going  into  the  Trenton  formation  369  feet  where  gu  waa 
found  in  qnaatity.  The  preesnre  at  first  waa  400  Ibe,  to  the  square 
inch  and  tlie  flow  500,000  cubic  feet  a  d&y.  The  company  baa  reoently 
installed  a  gas  plant  and  is  supplying  tJie  village  of  Hepworth  with  gas 
for  UlamiDating  and  heating  purposes.  A  third  well  was  being  sunk 
which  the  company  hoped  to  finish  this  winter.  These  wells  are  on 
lot  1,  ooacessioa  X,  township  of  Amabel,  county  of  Bruce,  and  near 
Hepworth  station,  Grand  Trunk  railway. 

SALT  WELLS. 

Salt  welU.  No  changes  have  of  late  years  taken  place  in  the   salt  industry 

of  Ontario,  further  than  the  sinking  of  a  number  of  wells  at 
Windsor  and  the  erection  of  a  salt  block  there  by  the  Windsor  Salt 
Company.  This  company  is  now  manufacturing  800  barrels  of  salt  a 
day  and  practically  controls  the  salt  baaiDcss  of  Ontaria  Salt  is 
manufactured  at  Saraia,  Clinton,  Wingham  and  Kincardine,  but  on  a 
smaller  scale,  as  the  market  is  limited. 

The  salt-bearing  formation  of  Ontario  seems  to  be  of  great  extent 

BbttenC  of  Mtit  ^nd  it  contains  a  number  of  separate  beds  of  this  mineral  one  above 
another.  Commencing  at  Kincardine  on  tbe  Lake  Huron  shore,  they 
are  found  to  extend  southward  in  a  wide  irr^^lor  belt  of  country  to 
the  St.  Clair  river,  thence  across  the  whole  breadth  of  the  south-western 
part  of  tbe  Ontario  peninsula  to  I^ke  Erie,  and  they  apparently  occupy 
a  basin  extending  north-eastward  up  the  Thames  valley.  The  quantity 
of  salt  in  the  area  referred  to  is  practically  unlimited,  and  forms  an 
asset  among  the  undeveloped  resources  of  the  province  which  moat 
have  a  great  future  value. 

■     WATER  SUPPLY. 

WaMrnipplj.  Although  the  rainfall  in  Ontario  is  amply  sufficient  to  affisrd  a  good 
supply  of  water  everywhere  throughout  the  country,  even  in  those 
places  farthest  from  lakes  and  rivers,  yet  good  water  for  domestic  pur- 
poses is  often  difficult  to  obtain  from  wells  in  the  solid  rock.  In  dis- 
tricts underlaid  by  salt  beds  the  water  from  such  wells  is  usually  saline 
or  brackish,  the  brines  permeating  the  shales  and  sandstone  and  some- 
times even  the  limestones.  Even  where  no  beds  of  common  salt  exists 
the  waters  from  the  deeper  strata  are  frequently  impure  owing  to  the 


ib.  Google 


"»-]  BnHMABT   RBPOBT  167   A 

preaence  of  other  ingrediente  in  solntion,  wHoh  sometimes  render 

tbem  unfit  for  domestic  use.     Salphurous  wfttere  from  saoh  sources  are  Sklina  uid 

also  oommon.  On  account  of  these  impurities,  some  of  the  towns  obtain  watoraT'™ 

tiieir  voter  supply  from  that  stored  in  the  thick  beds  of  sand  and  grave' 

on  the  higher  grounds  and  in  the  banks  of  rivers  and  brooks.     Where 

Umss  beds  rest  on  compact  Erie  clay  or  upon  the  boulder-clays,  ss  they 

Kunelimee  do,  the  water  stored  in  the  former  escapes  along  the  line  o 

contact  of  the  loose  deposits  with  the  underlying  clay,     A  series  otC«n»8o£ 

springs  may  thus  occar  at  or  near  the  foot  of  a  bank  where  the  water 

may  be  collected  into  basins  and  constitute  a  considerable  water  supply. 

Id  ordinary  seasons,  a  sufficient  quantity  may  always  be  obtained  in 

this  way,  but  in  seasons  of  drought  or  when  a   destructive   fire   takes 

place,  a  community  depending  apon  such  a  supply  may  be  awakened  to 

tbe  fact  that  it  is  inadequate  or  at  least  is  not  to  be  depended  upon  in 

an  emergency,  and  they  seek  for  means  of  sapplementing  that  obtained 

trom  such  sources.     This  has  been   accomplished  by  boring  artenan 

wells  in  a  few  cases,  but  the  problem  of  supplying  water  to  some  of 

tbe  to<^'na  in  sonthem  Ontario  has  not  yet  been  satisfactorily  solved. 

A  few  towns  obtein  their  water  from  rivers  and  filter  it  through  Water  supply 
gravel  and  sand  or  purify  it  by  other  means.  But  in  the  thickly  settled  nod  lakes. 
parte  of  the  country  the  stream  waters  have  become  more  or  less  con- 
laminated  from  the  refuse  of  the  towns  and  villages  along  their  banks 
sod  thus  become  generally  unfit  for  use.  The  system  of  purifying 
these  waters,  otherwise  than  by  the  filtration  process  mentioned,  will 
require  to  be  adopted  to  render  them  cerviceable  or  potable.  A  num- 
ber of  towns  pipe  their  water  supply  from  the  ne^arest  lake.  Fetrolea, 
^r  example,  has  a  main  laid  from  Lake  Huron. 

FLKISTOCRNB   OBOLOOT. 

The  Pleistocene  geology  of  the  part  of  Ontario  under  discussion  is  Pleiitocena 
of  nnnaual  interest.  The  beds  are  of  great  thickness  and  varie^, 
onnpared  with  those  of  other  parts  of  Canada  which  I  have  visited, 
uxi  thdr  origin  and  history  appear  to  be  very  closely  connected  with 
those  of  the  Great  Lakes,  over  a  large  part  of  the  region.  The  Brie  and 
Saogeen  clays,  and  the  Artemisia  gravels  of  this  region  wore  described  Rec™t 
b;  Dr.  Bell  in  the  cha4)ter  on  superficial  deposits  in  the  Geology  of 
Ouuula,  1863,  and  my  observations  tended  to  confirm  tbe  aCvUracy  of  the 
descriptions  there  given.  The  immense  banks  of  these  clays  observed 
often  elicited  the  inquiry  in  my  mind  as  to  where  such  quantities  o( 
materials  came  from  and  by  what  agencies  they  were  brought  into 
'  their  present  positions.     In  many  places  tbe  beds  are  from  100  to  250  ?X'**"'**  °' 
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feet  in  tbickneaa.  The  surface  depoeita  when  ex&miDed  &nd  studied  in 
detail  are  found  to  coasist  of  a  eeriea  of  days,  sands  and  gravel,  which 
must  have  been  laid  down  under  a  variety  of  conditions.  We  have 
DeKending  here  land  deposits  as  well  as  ahallnw  and  deep  water  beds.  A  genera- 
of  fomifttioiw.  Iwed  section  of  the  whole  series  as  observed  in  the  Ontario  peninsula 
exhibits  formations  which  may  be  classified  in  the  following  deecending 

1.  Clay  and  sand  with  gravel  near  the  summit.  The  whole  more  or 
'ess  oxidized  and  of  a  yellowish  colour.  The  clay  bums  to  red  bricks. 
This  clay  often  contains  calcareous  concretions  and  is  met  with  throogb- 
oat  the  whole  region  from  the  marine  plain  at  Cornwall  and  Brockville 
westward  to  the  higher  grounds  of  the  Ontario  peninsula.  At  Frescott 
and  Brockville  it  contains  marine  shells,  cbieOy  Jiacoma  Ballhica,  but 
in  the  west  no  fossils  b&ve  been  found  in  it. 

2.  Boulder-clay,  often  thick,  but  much  denuded,  underlaid  by  sand 
and  silt  deposits.  In  consequence  of  the  denudation  it  occurs  mostly 
in  detached  areas. 

3.  Arenaoeons  and  silty  beds,  in  places  apparently  forming  upper 
parts  of  the  Saogeen  clay  (No.  4). 

4.  Oray,  partially  oxidized  or  brownish  clay,  thinly  stratified, 
becoming  sandy  in  the  upper  parts.  Fresh  water  shells  occur  in  the 
lower  part  or  at  the  contact  with  the  Erie  clay  (No.  5).  This  is  the 
Sangeen  clay  described  in  the  Geology  of  Canada,  1863. 

6.  Stratified  bluish-gray  clay,  sometimes  dark  in  the  bottom.  It 
becomes  lighter  in  colour  when  dry  and  burns  into  white  bricks.  This 
is  the  Erie  clay  described  in  the  Geology  of  Canada,  1663.  In  the 
upper  part,  it  contains  fresh  water  and  land  shells  such  as  Campdoma 
(sp.,)  Stieeiiua  obliqua,  Polygyra  ihyroidea,  etc. 

6.  Boulder  clay,  usually  in  a  thin  sheet. 

7.  Decomposed  rock  in  sttu,  often  absent. 

8.  The  surface  of  the  fundamental  rock. 

IntergUciaJ  The  interglacial  beds  of  the  foregoing  section  are  often  from  100  to 

130  feet  thick,  audit  is  evident  that  during  their  deposition  there  most 
have  been  land-surfaces  in  some  part  of  the  lacustrine  area.  The 
land  shells  were  found  not  only  in  the  deposits  along  the  Lake  Erie 
shore,  but  in  the  clays  of  Pelee  Island  ;  at  the  latter  place,  from  five  to 
fifteen  feet  above  the  level  of  the  lake.  The  interglacial  period  appears 
to  have  been  of  long  duration. 
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GUci&l  atrue  were  foand  at  tbe  Qneeoston  quuriee  on  the  Niagara  Gl«;i»l  »»"»• 
escMpment,  trith  a  directioD  of  S.  48*  W.  On  Felee  isUnd  their  oonrse 
h  S.  80°  W.     These  groovingB  were  prodaced,  it  wems  to  me,  daring 
the  second  glacial  period. 

CHANGES   IN  THS   LBVILB   OF  THB  OBBAT  LAKKS. 

It  is  evident  to  any  one  who  examinee  the  terraces  and  plains  bor-  Level*  of  tho 
aertng  the  Great  Lakes,  that  Huron  and  Erie  and  probably  Ontario  also, 
stood  at  higher  levels  at  the  close  of  the  Pleistocene  period  than  they  do 
tt  the  present  time.  Id  the  subeidence  of  the  waters  which  followed, 
^e  various  lakes  seem,  however,  to  have  reached  a  level  considerably 
lover  than  that  which  they  have  now.  This  low-level  stage  probably 
occurred  in  the  Kecent  Period,  that  is,  since  the  latest  of  the  Pleisto- 
cene beds  were  laid  down.  I  may  here  give  a  few  of  the  principal  facte 
showing  that  this  ahrinkage  (d  Lakes  Hnron,  Erie  and  Ontario  actually 
took  place  as  stated.  Kot  having  visited  Lake  Superior  I  cannot  speak 
of  it  from  personal  knowledge.* 

1.  West  of  Port  Rowan,  along  ihe  Lake  Erie  shore,  a  number  of  ^™^^^*** 
stumps  of  large  trees,  probably  a  score,  more  or  less,  were  observed, 

their  roots  in  soil  below  the  lake  level  while  the  upper  parts  (of  the 
stamps)  are  broken  off  as  if  by  the  lake  ice.  They  are  now  nearly 
covered  with  sand. 

2.  At  Goderich  the  prostrate  trunks  of  trees  are  found  in  the  month  Tniaki  o 
of  the  Uaitland   river,    ten  to  fifteen  feet  below  the  level  of  Lake 
Hnron,  embedded  in  tbe  bottom  of  a  layer  of  clay  and  marl.     It  is 
evident  these  trunks  were  laid  down  when  the  lake  was  lower.     They 

vere  point«d  ont  to  me  by  Mr.  Peter  McEwen,  who  was  one  of  the 
Gnt  to  call  my  attention  to  certain  facts  connected  with  the  flnctuations 
<^  the  levels  of  the  Qreat  Lakes. 

S.  The  streams  discharging  into  Lakes  Huron,  St.  Clair,  Erie  and  Flooded 
Ontario^  as,  for  example,  the  Anx  Sables,  Sydenham,  Thames  and  ^ 
Qrand  rivers,  and  in  the  Lake  Ontario  basin,  tlie  Hnmber,  Don  and 
the  smaller  streams  to  the  east.,  including  the  Cataraqui  at  Kingston, 
have  tbe  lower  parts  of  their  courses  flooded  from  the  lakes.  In  tbe 
cue  of  tbe  Thames  and  the  Sydenham,  this  condition  extends  up-stream 
for  many  miles,  the  depth  being  from  ten  to  twenty-five  or  thirty  feet. 
With  existing  levels,  it  is  evident  these  rivers  could  not  have  eroded 
tbmr  chuiaels  to  these  depths.     The  lakes  must,  therefore,  have  been 
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at  luat  twenty-fiva  or  thirty  feet  lower  at  one  time,  to  bftve  allowed  the 
rirers  bo  erode  Buch  ohuineb.  As  a  filling  up  prooew  seema  to  have  been 
going  on  since  the  period  of  low  water,  the  river  channels  were  pro- 
bably considerably  deeper  then  than  they  are  at  the  present  time. 

BAUD    DUXBS   AITD   8PIT8. 

The  spits  and  dunes  along  the  north  shore  of  Lake  Erie  seem  to 
have  been  formed  by  materials  drifted  from  the  west  The  point  east 
of  the  mouth  of  the  Detroit  river,  the  soath-weet  point  of  Felee  Island, 
Pelee  Point,  Rondeau  Point,  Long  Point,  Long  Island,  etc.,  have  oil 
been  formed  in  this  way.  The  movement  of  the  sand  takes  place  along 
the  littoral  and  to  a  depth  of  fifteen  or  twenty  feet  in  the  lake,  and  is 
no  doubt  due  to  cnrrenta  caused  by  the  prevailing  vinda.  It  affects 
the  mouths  of  harbours  and  necessitates  the  oonstrnotion  of  piers  and 
breakwaters,  and  in  some  places  dredging  is  required  from  time  to  time. 

In  the  Lake  Ontario  basin,  the  sand  driftage  has  apparently  been 
from  east  to  west.  Toronto  island  and  Burlington  Beach  may  have 
been  formed  by  this  movement.  These  beach  formations  exemplify 
the  conditions  which  prevailed  in  the  inteiglacial  period  in  this  region 
when  land  and  fresh  water  shells  were  buried  together  in  the  clay  and 
sand  beds  of  that  time. 

Water  supply  of  London,  Ontario. 

On  the  nth  of  November  I  received  instructions  to  proceed  to  Lon- 
don, Out.,  to  confer  with  the  Water  Commissioners  of  that  city 
respecting  its  water  supply.  Two  or  three  days  were  spent  in  com- 
pany with  Mr.  John  M.  Moore,  C.E.,  the  superintendent  and  engineer, 
in  examining  the  sites  of  the  different  wells  and  springs  in  the  vicinity 
and  collecting  all  the  information  available  concerning  them.  Although 
there  is  no  immediate  danger  of  a  shortage  of  water  in  this  city,  yet  in 
view  of  its  growth,  both  in  regard  to  population  and  business,  it  was 
considered  advisable  by  the  commissioners  to  obtain  the  best  advice 
possible  about  providing  for  an  increased  supply  in  the  future. 

The  water  supply  of  London  ia  obtained  from  a  number  of  springs 
on  the  banks  of  the  river  Thames,  two  t^i  three  miles  below  the  city, 
at  a  place  called  Spriagbank.  The  surface  formations  there  are  gravel 
and  sand,  200  to  300  feet  thick,  underlaid  by  a  clay  hardpan.  These 
gravels  and  sands  serve  as  a  storehouse  for  the  rainfall,  a  large  part  of 
which,  after  seeping  through  them,  escapes  into  the  river  valley  in 
the  form  of  springs  along  their  contact  with  the  underlying  clay.    This 
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firing  water  is  collected  into  Urge  bMios  or  ponds  which  we  oonneot«d 
vitb  ft  pnmphooae,  and  &r«  thence  forced  into  a  reservoir  276  feet 
tbore  the  w«ter  works  datnm  »nd  from  this  the  city  main  reoeivee  its 


In  oar  investigations,  it  was  found  that  the  wells  Bank  into  the  solid  Wells  in  solid 
iwk  here  do  nut  yield  potable  waters.     Wells  of  this  kind  have  been 
drilled  at  the  water  works  pnmphouse,  at  the  juaotion  of  the  north  and 
KUtJi  branches  of  the  Tha[Qes,at  Carliog's  Brewery,  and  at  the  Insane 
AsjlntD.     In  the  first  three  the  waters  were  solphurons  ;  in  the  aeylnm 
Tell  (2,250  feet  deep)  the  borehole  had  to  be  closed  at  the  bottom  of 
the  surface  deposits,  and  the  topply  of  water  obtained  by  that  institu- 
tion is  now  derived  from  these  deposits,  occasionally  supplemented 
from  a  pond  near  by.     Although  the  Water  Coouuissioners  of  London  Doobtfnl  uw 
were  anxious  to  have  one  or  more  deep  artesian  wells  bored  near  the  ^^u^ 
city,  yet  in  view  of  the  above  mentioned  facts,  I  did  not  feel  warranted 
in  advising  them  to  dnk  any.     Instead  of  this,  the  scheme  of  obtaining 
a  snpply  of  water  from  the  river  Thames  was  urged  upon  them,  bat 
(hoD^  quite  practicable,  they  contended  that  it  involved  the  erection 
of  UL  entirely  new  system  of  waterworks,  besides  the  employment  of 
filtering  and  purifying  processes,  all  of  which  the  city  could  not  ofibrd  "^"^^g^?^ 
st  present      The  only  other  sources  from  which  water  was  obtainable 
in  qoautities  sufficient  to  supplement  the  present  supply,  were  new 
spings  and  wetl^  in  the  surface  deposits.    On  the  North  Branch,  about 
four  miles  above  the  city,  there  ore  springs  which  have  been  computed  Copious 
to  yield  850,000  gallons  a  day.     The  water  from  these  could  be  pumped  "P™"** 
into  the  street  main  now  in  use.    A  further  addition  might  be  obtained 
by  linking  welU  in  the  surface  depoeits  near  the  junction  of  the  North 
and  South  Branches,  also  in  a  flat  in  the  valley  of  the  latter,  below  the 
Port  Stanley  rulway  bridge.     At  both  of  these  points  I  recommended 
test  wells  to  be  put  down  to  ascertain  the  quantity  and  quality  of  the 
HftteiB,  both  in  the  recent  surface  beds  and  the  underlying  solid  rocks. 

I  desire  in  cIosiDg  to  express  my  sincere  thanks  to  Messrs.  James  Acknowledge- 
Kerr,  of  Petrolea ;    Peter  McEwen,  of  Goderich ;   John  Corrie,    of  ""^'»- 
Stratford;    Jno.    M.     Moore,    C.E.,    of    London;    R    P.    Rowe.   of 
Hspworth ;  J.  S.   MoLister,  of  Bothwell ;    J.    W.    Cnthbertson,  of 
"^Isonbaig ;  D.  A.  Coste,  of  Buffalo,  N.Y.,  and  others  for  informatioa 
»d  Tarions  acts  of  kindness. 
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The  Dibtbict  abodnd  KiNoaroii.  Ontabio. 
Dt.  R.  W.  EUt. 

Work  bv  Dr.  The  winter  of  1900-01  wm  spent  in  plotting  the  work  of  the  pre- 
R.  W.  ElU.  ceding  year  and  in  revising  the  surreyti  mode  by  the  late  Mr.  N.  J. 
Qironx  during  the  yean  1896  and  1896,  the  greater  part  of  which 
was  put  into  shape  for  the  final  compilation.  The  area  included  in 
these  surveys  by  Mr.  Otroux  extends  from  the  Ottawa  river  to  the 
River  St  Lawrence,  east  of  a  line  from  Ottawa  to  Frescott. 

Two  reports  were  also  written,  viz.,  that  on  the  map  of  Ottawa  city 
and  vicinity,  and  a  revision  of  the  report  on  the  area  included  in 
map-sheet  No.  121  of  the  Ontnrio  and  Quebec  scries,  oompriaiog  the 
area  along  the  lower  Ottawa  and  extending  north  from  that  river  for 
about  fifty  miles. 
Field  vork  Field-work  for    1901  began  on  May   24,  when,  in  company  with 

"  Mr.  K.  Chalmers,  nearly  two  weeks  were  spent  in  examining  the  clays 

and  other  surface  deposits  between  Frescott  and  Kingston  in  order 
to  search  for  marine  shells  in  that  district.  In  this  connection  it  may 
be  stated  that  these  shells  were  found  as  far  west  as  Brockville, 
where  they  occur  quite  plentifully  in  two  brickyards  in  rear  of  the 
town,  and  also  at  an  old  brickyard  on  the  road  to  Tin  Cap,  about  four 
miles  north-weat  of  the  former  place.  West  of  this,  though  the  clays 
present  many  features  similar  to  those  seen  at  Frescott  and  Brock- 
ciile,  no  marine  organisms  have  yet  been  observed. 

Surveyi  nutda      On  June  6th,  work  was   commenced  with  two  assistants,  Mr.   B. 

jJcmgRidoftu  g^gj,  j;j,g_  g  j^^  ^^^  jj^  yf  L.  Lodge,  M.A.,  in  the  area  adjacent 
to  the  Rideau  csnal  between  Oliver's  Ferry  and  Kingston.  A  careful 
examination  was  made  of  the  numerous  lakes  along  the  entire  route, 
end  a  number  of  mica  and  iron  deposits  were  examined  at  several 
points  in  order  to  compare  the  conditions  there  existing  in  connection 
with  these  minerals,  with  tho^e  found  in  the  area  north  of  the  Ottawa 
river. 

Bouta  from         From  Jones  Falls  a  route  was  followed,  by  way  of  the  village  of 

Qftoimoqug,  Morton,  the  Beverly  lakes  and  the  Oananoque  river,  to  the  town  of 
Qananoque,  on  the  St.  I^wrence,  and  a  number  of  road  surveys  were 
made  in  the  country  adjaceut  in  order  to  fix  the  boundaries  of  the 
sandstone  outliers  in  thii  direction.  Returning  to  the  canal  at 
Seeley's  bay,  the  country  to  the  west,  including  the  townships  of 
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StomngtOD,  Loughborough  and  Bedford  was  carefully  studied  and 
tbe  area  north  to  the  Devil's  lake  was  examined,  the  oan&l  being 
again  reached  at  Mud  lake,  near  Newboro'.  This  district  ie  on  import- 
ant one,  owing  to  the  presence  of  numerous  depoeite  of  mica  and  iron 
at  a  nnmber  of  points. 

Beturning  to  the  SL  I^wrence  again,  surveys  were  made  of  the  Kipgston  u 
roads  in  the  townships  of  Pittsburgh  and  Kingston,  in  the  former  of  "°'"  '' 
which  a  number  of  scaLtered  outliers  of  the  Falseozoic  rocks  are  seen. 
An  examination  was  also  made  of  the  shores  and  islands  in  the  river 
between  Kingston  and  Oananoque,  at  which  place  the  examinations 
of  last  year  ended.  The  contaots  of  the  overlying  Cambro-Silurian 
limestones  and  sandstones  with  the  crystalline  rocks  are  numerous 
and  show  some  interesting  features.  The  waters  of  Lake  Ontario 
▼ere  found  to  be  too  rough  for  small  canoes,  and  the  work  was  carried 
on  by  land  for  the  remainder  of  the  season,  using  a  backboard,  with 
odometer  attachment  for  ref^tering  the  dtstanoes.  In  this  way,  over 
1,000  miles  of  roads  were  surveyed,  principally  in  the  counties  of 
Frontenac  and  Addington.  This  work  was  in  charge  of  my  assist- 
snt^,  Mr.  Hugh  Ells,  by  whom  the  surveys  in  the'area  north  of  Lake 
Ontario  were  connected  with  the  Canadian  Pacific  railway  and  with 
thina  made  further  north  in  ltJ96.  My  other  assistant,  Mr.  Lodge, 
was  transferred,  early  in  July,  to  another  Geological  Survey  party. 

An  examination  was  made  of  Amherst  island  and  of  several  other  Prince 
inlands  in  the  vicinity,  as  also  of  a  large  part  of  the  peninsula  of  Prince  county. 
Edward  county  and  the  country  along  tJie  Bay  of  Quinte  as  far  west 
u  the  town  of  Trenton,  which  is  just  west  of  map-sheet  No,  112,  to 
which  the  season's  work  was  mostly  confined.  In  part  of  this  work  I 
was  accompanied  by  Dr.  H.  M.  Ami,  who  made  a  study  of  the  fossils 
of  tiie  Black  River  and  Trenton  formations  and  obtained  large  collec- 
tions from  a  number  of  localities. 

After  Dr.  Ami's  return  to  Ottawa,  several  weeks  were  devoted  to 
an  examination  of  some  of  the  principal  mining  locations,  especially 
with  reference  to  the  mica  deposits,  some  of  the  mines  of  this  mineral 
being  among  the  most  important  yet  found  in  Canada. 

I  returned  to  Ottawa  towards  the  end  of  August  and  was  there 
detained  for  several  weeks  in  correcting  proofs  of  the  two  reports  on 
the  geology  of  the  areas  along  the  Ottawa  river,  but  the  work  in  the 
Kingston  district  was  carried  on  by  my  assistants  till  September  20th, 
the  surveys  westward  being  connected  with  the  Canadian  Pacific  rtul- 
wsy  at  IVeed  station.  Subsequently  several  short  excursions  were 
made  in  the  vicinity  of  Ottawa  to  complete  details  of  structure  in  con- 
nection with  the  map  of  this  area. 
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^^^'^''        ^"  previouB  work  of  the  Geological  Sorvey  in  the  KingBton  and 
Homy.  Bellevillu  district  was  done  by  Mr.  Alexander  Murray,  in  1853.     The 

reaulta  were  published  in  the  Aaaual  Beport  for  1852-53,  now  out  of 
print,  and  a  large  amount  of  interesting  and  valuable  information,  is 
there  given  relative  to  the  diatribution  of  the  sedimentary  formations 
vhicb  are  for  the  most  part  of  Block  River  and  Trenton  age,  under- 
lain in  places  by  sandstones,  which  at  that  time  were  supposed  to  be- 
long to  the  FoCsdam  formation.  Certain  ahalea  and  arkose  layers, 
resting  upon  the  crystalline  rocks  at  different  points,  with  overlying 
beds  of  cherty  limestones,  were  supposed  to  pertain  to  the  horizon  of 
the  Gfaazy.  The  characters  of  the  severol  divisions  of  the  crystalline 
rocks  which  underlie  these  formations  are  well  described  by  Mr.  Murray 
in  the  report  referred  to. 

LimPstoDsB  of  Among  the  important  points  to  be  determined  in  oonneotion  with 
dblrict.'^  "  ^^^  g^legy  ot  the  E.ingston  district  is  the  age  of  the  limestones  which 
have  a  wide  development  about  Kingston  city,  and  throughout  the 
area  to  Ihe  north  and  west,  and  their  proper  stratigraphioal  relations 
to  certain  sandstone  deposits  which  underlie  theee  at  a  number  of 
localities.  In  plaees  the  limestones,  which  become  interstratified  with 
greenish-gray  marly  shales  in  their  lower  portion,  rest  directly  upon  the 
underlying  reddish  granite  or  other  crystalline  rooks  ;  but  at  many 
points  there  is  an  intervening  deposit  of  greenish,  sandy  and  oalcareous 
shales  and  grit,  generally  quite  thin  and  rarely  more  than  a  few  feet 
Arlrae  bedi  in  tbiokQess.  When  these  bods  rest  directly  upon  the  crystalline 
rocks  they  often  contain  small  pebbles  of  granite  and  qtiartE  aod  are 
made  up  of  the  deoomposed  materials  of  the  nnderlying  rocks,  with  the 
aspect  of  a  true  arkose.  They  apparently  form  the  lowest  member  of 
the  limestone  formation  and  sometimes  hold  fossils,  chiefly  small  ortho 
oeratitea  and  a  species  of  Leperditia. 

The  contact  of  the  limestones  with  the  graniW  is  well  seen  near  ^e 
summit  of  the  ridge  in  Barriefield,  opposite  the  city  of  Kingston, 
where  the  calcareous  strata  are  sometimes  tilted  in  every  direction  nt 
angles  varying  from  ten  to  twenty  degrees,  the  inclination  being 
apparently  due  to  conditions  of  deposition  on  a  rounded  underlying  sur- 
face. On  the  shore  of  Deadman'^  cove  to  the  east  of  Barriefield  hill, 
there  is  a  thin  underlying  deposit  of  the  green  arkose  filling  the  irre- 
gularities in  the  granite  surface  and  passing  direcUy  upward  into  the 
limestone. 

Bo»d  betweMi     The  shore  road  from  Qaoanoque  to  Kingston  shows  these  limestones 
ud  KingBtoti.  ftt  several  pointa.     That  they  are  of  Black  River  age,  is  proven  by  ^Oe 

presence  of  characteristic  fossils  of  that  formation  almost  to  the  vei; 

base  of  the  series.     Along  the  Oananoqua  road  the  underiying  ehales     • 
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■ometimee  rest  upon  the  beds  of  sandBtone,  which  an  sometimeB  reddish 
bat  generftUf  gray  in  cotoar.  Thej  somewhat  resemble  the  Fotadam 
sandalone  in  the  area  north  of  Brockville,  bub  as  a  rule,  are  rather  less 
siliceoQB.  They  are  also  welt  seen  along  both  sides  of  the  Rideaa  canal 
between  Kingston  Mills  and  Washburn,  where  they  have  a  thickness 
of  nearly  fifty  feet,  l^rge  ontcrope  of  the  sandstone  are  also  seen 
aroond  the  shores  of  Dog  lake  in  the  township  of  Storrington,  and  at 
Batteraea,  The  lower  portion  of  the  formation  is  frequently  a  oooglo- 
merate  containing  pebbles  of  quartz  aad  sometimes  of  granite.  As  a 
mis  the  sandstones  are  in  nearly  horizontal  layers,  hut  sometimes, 
owing  apparently  to  deposition  on  a  sloping  surface,  the  strata  are 
inolined  at  an  angle  of  ten  to  twenty  degrees. 

Tn  physical  characters,  the  lower  portion  of  the  limestone  formation  A^re  of  the 
north  of  Kingston  resembles  some  of  the  limestones  of  the  Chazy  forma-  lime^toDs. 
tion  of  the  Ottawa  district.    They  are  highly  dolomitic,  hard  and  oherty, 
breaking  with  a  sharp  conohoidal  fracture,  and  certain  layers  reeemble 
a  true  lithographic  stone.     The  lower  part  of  the  formation  contains 
bat  few  fossils,  though  or^oisms  referable  to  the  horizon  of  the  Black 
River  limestone  are  sometimes  found.     Among  these,  a  species  of  Le- 
perditwiB  somewhat  abundant,  and  scattered  forms  of  Telradium  fibra- 
titm  also  occur  which  serve  to  fix  their  position  fairly  well.     The  lower 
hundred  feet  contain  interstratified  beds  of  marly  shales,  sometimes 
several  feet  in  thickness,  while  the  upper  part  of  the  formation  is  a  heavy 
bedded  limestone  filled  with  large  fossils,  such  as  Columfiaria  Halli, 
ActiTuxeraa  Bigthyi,  S^romatoc«nvm  r^igotum,  large  masses  of  TVfnxiium 
.fflmtom,  and  other  characteristic  forms.     The  thickness  of  the  entire  ^jf|?^f  "' 
aeries  in  rear  of  Kingston  is  somewhat  over  200   fe«t  above  the  basal  limeBtona 
beds  of  sandy  and  marly  shale  or  arkose. 

At  Kingston  Mills  on  the  Rideau  canal,  the  contact  of  these  rocks 
vith  the  nnderlying  granite  and  gneiss  can  be  well  seen  about  200 
yards  west  of  the  canal  on  the  line  of  the  Grand  Trunk  railway, 
where  in  a  cutting  there  is  a  direct  superposition  of  the  green  marly 
shales  on  the  granite.  These  green  basal  beds  near  their  contact  with 
the  granite  are  highly  foesiliferons,  the  principal  fossil  as  yet  found 
being  a  small  orthocaratite.  To  the  east  of  the  canal  the  limestones 
ue  seen  along  a  road  sontfa  of  Rideau  station,  the  rooks  here  having  a 
low  anticlinal  stmctnre,  owing  apparently  to  deposition  upon  a  boss 
of  red  granite  which  is  exposed  near  by.  Black  River  fossils  are  here 
fonnd  down  to  the  very  base  of  the  limestone.  In  this  area  no  trace 
of  the  nnderlying  sandstone  is  seen. 

The  outcrops  of  sandstone,  already  referred  to  as  occurring  along  Coatuti  near 
the  canal  above  Kingston  Mills,  can  be  well  studied  at  what  is  known  ■^°)'°°""^ 
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M  Gilderaleeve's  qn&ny  on  the  east  bank,  about  four  miles  abore  the 
locks.  This  deposit  can  be  traced  to  the  north-west  as  far  as  Joyce- 
Tille  corner,  where  the  sandstone  rests  directly  upon  graoite  and^eiss, 
and  dips  8.  20'  £.  <  4°.  The  breath  of  the  sandstone  along  the  road 
south  of  the  comer,  is  sevnral  handred  yards  and  on  this  road  it  is 
directly  and  conformably  overlaid  by  the  Black  River  limestone,  with 
interstratified  shaly  bands  holding  the  characteristic  fossils  of  that 
formation.  The  limastone  here  forma  a  low  escarpment  north  of  the 
road  near  a  church,  the  dip  being  precisely  the  same  as  seen  in  the 
sandstone.  It  extends  south-east  for  a  mile  and  three- fourths,  and  at 
that  distance  is  again  underiain  hy  the  granite  and  gneiss,  the  sand- 
stone not  appearing  in  this  direction,  so  that  the  limestone  apparently 
occupies  a  shallow  basin  at  this  locality.  Along  the  road  down  t>be 
east  side  of  the  canal,  traces  <^  the  underlying  sandstone  are  seen 
beneath  the  limestone,  at  a  distance  of  about  four  miles  north-west  of 
the  corner  east  of  Kingston  Mills. 

GildenleevH'a      At  the  quarry  the  rock  shows  much  false  bedding,  but  some  of  the 

qnarry.  ]a,yen  are  massive  and  well  suited  for  building  atone,  for  which  purpose 

it  has  been  quarried  somewhat  extensively.  The  colour  is  in  places  a 
dark  red,  but  in  the  upper  part  of  the  eecarpment  grayish  shades  pre- 
vail.    In  portions  scattered  pebbles  of  quartz  ocour  and  the  rock  forms 

'  a  conglomerate.     This  rock  resembles  the  sandstones  of  Potsdam  Age 

nflar  Ottawa,  and  along  the  shores  of  Rideau  lake,  where  it  b  directly 
overlaid  by  the  Calciferous  formation.  It  is  soft  when  quarried,  becom- 
ing hard  after  removal  from  the  parent  bed ;  in  this  respect  resembling 

C;lindHc&I  freestones  of  Carboniferous  age.  In  the  quarry  several  curious  cylin- 
drical concretions  occur  which  resemble  the  trunks  of  fossil  trees,  s^d  at 
one  time  they  were  regarded  as  such.  They  stand  upright  in  the  faoe  of 
the  quarry,  the  two  principal  ones  having  diameters  of  three  and  four 
feet,  with  an  outer  zone  of  three  Incbes  or  more  in  concentric  layers, 
corresponding  to  what  would  have  been  the  bark  if  the  structure  had 
been  organic.  At  the  top  of  the  cliff  the  upper  ends  of  these  concre- 
tions are  slightly  hollowed  out,  readily  distinguishing  them  from  the 
surrounding  rock.  The  material  of  the  cylinders  is  similar  to  that  of 
the  quarry  rock.  Kumerous  rounded  concretions,  from  half  an  inoh  to 
two  inches  in  diameter  are  found  in  the  vicinity  of  the  supposed  trees, 
which  hy  some  persons  have  been  regarded  as  the  fruit.  Rounded 
concretions  of  this  kind  are  found  in  similar  sandstones  at  the  southom 
end  of  Knowlton  lake. 

Unfortunately  there  is  no  fossil  evidence  from  the  sandstones  theno- 
selves  to  fix  their  age,  except  the  occurrence  of  certain  markings 
resembling  Seolilhiu,  and  this  is  not  sufficient  of  itself  to  accurately 
determine  horizons. 
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If  we  reject  the  early  view  of  Mnirftj  as  to  the  Potsdam  age  of  ^^'J'J' 
these  sandatonea  and  classify  them,  on  Btratigraphical  grounds,  as  a 
nady  local  development  at  tiie  base  of  the  Black  River  formation,  then 
it  may  be  stated  l^at  no  trace  of  the  true  Potsdam,  Calciferous  or 
Chazy  formations  has  yet  been  reoognized  in  the  district  west  of  a  line 
from  Gananoqne  to  the  upper  Rideau  lakes.  This  was  the  view  appar. 
ently  held  by  Mr.  Eugene  Coate  in  regard  to  similar  sediments  in  Madoc 
and  Marmora,  which  form  part  of  the  Palaeozoic  outliers  occurring 
diere.  Od  the  map  of  that  area,  made  in  1886,  these  were  coloured 
by  him  as  belonging  to  the  Bird's  Eye  and  Black  River  formations. 
Why  the  lower  formations  shonld  not  have  been  deposited  throughout 
this  western  area  is  not  dear,  there  being  no  apparent  cause  for  their 
absence,  since  the  Calciferous  is  extensively  developed  throughout  the 
district  extending  north  from  Brockville  to  the  upper  Ridean  lake,  and 
thence  eastward  to  Uie  Ottawa,  where  it  is  in  tarn  overlaid  by  sedi- 
ments of  Oha^  age. 

These  sandstones  have  now  been  traced  by  numerous  outcrops  from  t^velopment 
the  West  Rideau  lake  near  Westport,  where  they,  undoubtedly  WeatpOTt. 
represent  the  western  extension  of  the  great  Potsdam-Caloiferous 
area  of  the  Ottawa  basin,  southward  to  the  Si.  Lawrence  near 
Kingston.  At  Westport  the  sandstone  rests  upon  the  granite  or 
other  crystalline  rocks,  and  passes  upward  through  the  Calciferoua 
and  Chazy  formations  into  the  Black  River  limestone.  Along  the 
Rideau  canal  south  of  Newboro',  and  in  the  area  both  to  the  east 
and  west,  while  the  sandstones  and  conglomerates  present  the  same 
general  aspect  as  is  seen  in  the  Rideau  lake  district,  the  strata  of  the 
Calciferous  and  Chazy,  proper,  appear  to  be  absent  entirely,  at  least  in 
so  far  as  has  yet  been  ascertained,  and  the  Black  River  limestone  and 
shales  rest  either  upon  the  sandstone  or  directly  upon  the  crystalline 
rocks,  with  merely  the  occurrence  of  a  thin  deposit  of  arkoee  beds  at 
their  base. 

The  apparent  conformity  of  the  limestones  to  the  sandstones  cm  Confonnitj  ta 
&ot  be  regarded  as  conclusive  evidence  that  they  all  belong  to  the 
same  series ;  since  everywhere  throughout  the  Palteozoic  basin  of  the 
Ottawa  and  St.  Lawrence  rivers  these  sediments  are  generally  in  a 
nearly  horizontal  attitude  throughout.  Under  the  circumstances 
therefore  or  until  more  conclusive  proof  is  furnished  from  the  study  of 
these  rooks,  we  hold  that  it  will  be  better  to  regard  these  basal 
sandstones  and  conglomerates  as  more  properly  belonging  to  the 
Potsdam:  sandstone  formation,  as  originally  suggested  by  Sf  urray,  than 
to  the  Black  River  limestone  division. 
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BUckKiver         The  outline  of  the  Black  River  fornn&tion  west  of  the  Rideau  canal, 
wntof  in  the   direction  of  Tarn  worth  and  Tweed,  is  aome  what  irregular.     At 

lUdenucuial.  aeyerai  pointe  deposits  of  the  graen  arkoae  occur,  but  the  limestone 
often  rests  directly  upon  the  crystalline  rocks.  The  saudstonee  are 
rarely  seen  west  of  the  Hue  of  the  Kingston  and  Pembroke  railway. 
I^ey  are  however  well  exposed  at  several  points  in  the  townships  of 
Loughborough  and  StorriogUtn,  and  on  the  railway  at  a  point  about 
two  miles  north  of  Harliugton  station,  there  is  a  good  contact  of  the 
limestonee  and  the  green  shales  upon  the  underlying  sandstone,  the 
whole  serieit  being  a  conformable  one  all  the  way  upward  from  the 
contact  of  the  latter  on  the  granite.  Aronnij  the  shores  of  Dt^  lake 
in  the  former  township,  the  sandstones  are  well  displayed  and  at  one 
point  on  the  north  side  contain  several  large  but  pockety  deposits  of 
Contact  at  red  hfematite  which  have  been  mined  to  some  extent.  At  Battersea 
stteraeft.  ^^  ^^  sandstones  are  well  seen  on  the  red  granite  in  nearly  hori- 
zontal ledges  to  the  uorth  and  east  of  the  village,  but  on  the  south 
side  the  granite  on  the  road  is  covered  by  the  green  arkose  which 
passes  directly  up  into  the  cherty  limestone. 

To  the  south  of  tbe  road  however,  the  greenish  beds  rest  upon  the 
sandstones  which  fill  up  irregularities  in  the  underlying  gneiss  and 
granite.  The  gneiss  at  this  place  is  very  quartzose  and  in  places  rusty, 
and  it  has  been  penetrated  by  the  granite  mass. 

HoweiaUnd.  On  tbe  islands  lying  in  the  St.  Lawrence  between  Kingston  and 
Gananoque,  notably  on  Wolfe  and  Howe  islands  which  are  the 
largest,  several  good  contacts  ore  seen.  On  the  north-east  end  of  the 
latter,  which  is  several  miles  above  Oanonoqne,  ledges  of  sandstone 
occur,  in  places  resting  upon  the  granite  and  filled  occasionally  with 
pebbles  of  white  quartz.  These  are  overlain  by  the  green,  gray  and 
black  shales,  which  are  found  at  the  base  of  the  cherty  limestones,  near 
a  small  cove  known  as  Bush  bay,  about  two  miles  from  the  lower  end 
of  the  island.  The  beds  are  all  horizontal.  Some  of  the  shaly  layers 
are  very  like  certain  green  Chazy  shales  of  the  Ottawa  basin,  but  are 
not  quite  so  hard  or  slaty.  They  pass  directly  up  into  the  limestone 
which   contains    Black  River  fossils,   and    which   thence  occupy   the 

ContactoE  whole  of  the  island  along  the  south  side.  On  a  road  across  the  island 
,[j  from  Bush  bay,  the  Black  River  limestone  rests  upon  white  quartzite 
about  midway  to  the  north  shore.  The  quartzite  is  penetrated  by  red 
granite,  and  the  latter  is  seen  along  the  north  side  of  the  island  below 
the  mouth  of  Big  bay.  The  south-west  part  of  the  island  b  all  Black 
River  limestone. 


Black  Rivi 
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On  ^olfe  island  the  Black  River  limeetone  is  the  prevailing  form-  Wolfe  Ulaiid. 
■tioD.     Tt  is  Been  in  low  ledges  along  the  shore  where  this  is  not 
occKpied  bf  clay  or  sand. 

The  northern  part  of  the  island  is  occupied  by  the  cherty  variety 
with  shaly  layers,  but  near  the  village  of  Marysville  the  upper  portion 
of  the  formation  ia  well  seen  and  contains  great  numbers  of  fossils  in 
vhich  Telradiitm  Jtbrattim  is  abundant.  These  rooks  extend  south  of 
ihia  to  a  point  opposite  the  nurtb  end  of  Simcoe  island,  when  they  are 
oTcrlsid  by  limestone  of  Trenton  age.  The  rocks  of  the  Trenton  fonna- 
tion  apparently  occupy  all  the  western  end  of  the  island  and  are  well 
wen  at  Bear  Point  at  the  sonth-east  extremity,  from  which  a  large  col- 
lection of  fossils  has  been  obtained.  The  rocks  of  the  island  are  all  so 
nearly  horizontal  that  dips  cannot  be  measured. 

Simcoe  and  Horse-shoe  islands  oS  the  weat  end  of  Wolfe  island  are  Simooe  luid 
both  occupied  by  fosailferoua  sediments,  partly  of  Trenton  age.  Garden     '"^      " 
island,  which  lies  off  the  city  of  Kingston,  b  composed  of  Black  Biver 
limestone.     Further  west,  Amherst  inland  and  the  whole  of  the  penin- 
snla  of  Prince  Edward  county,  are  apparently  entirely  occupied  by  the 
Trenton  formation,  which  abounds  with  fossils  everywhere. 

The  Black  River  formation,  seen  at  Kingston,  continnes  westward  Kinnton  sod 
along  the  shore  of  Lake  Ontario  as  far  as  the  village  of  Bath,  where  it  ton^.  "* 
is  overlaid  by  the  Trenton  limeetona  The  latter  thence  extends  across 
the  peaiasula  of  Adolphustnwn  to  Deseronto,  where  basal  beds  holding 
SMtplaculiUs  are  seen  in  the  bed  of  Sucker  creek,  about  half  a  mile 
•ondi  of  the  Grand  Trunk  railway  near  Deseronto  junction.  The  out- 
line of  the  formation  north  of  this  is  somewhat  irregular  and  the  Tren- 
ton limestone  occupies  basin-shaped  areas  upon  the  Black  River  to  the 
north  of  Kapanee,  whence  it  extends  north-west  into  Tyendenaga 
township.  The  Black  River  limeetone  shows  in  a  bold  escarpment  on 
the  west  line  of  the  township  of  Richmond,  about  six  and  a-half  miles 
north  of  the  Bay  of  Quinte  and  a  short  distance  south  of  the  crossing 
of  Salmon  river,  whence  the  southern  boundary  of  the  foruiation  con- 
tirntes  south-easterly  to  the  shore  of  the  bay.  The  rocks  are  well  Shannnnvilie 
exposed  near  Shannonville  station  on  the  Grand  Trunk  railway,  where  3t"''*»iG-T.R. 
there  is  a  boss  of  gruiite  and  quartzite  upon  which  the  newer  lime- 
it<me  is  deposited.  The  Black  river  limestone  forma  the  north  side  of 
the  Bay  of  Quints  at  Ox  Point,  about  three  miles  east  of  Belleville, 
>nd  large  and  valuable  quarries  are  here  located  in  the  massive  beds 
near  the  summit  of  the  formation.  The  opposite  shore  in  Prince 
Edward  county,  at  Maasasauga  Point,  ia  of  Trenton  limestone.  At 
Oi  Point  the  strata  are,  in  places,  inclined  at  an  angle  of  ten  to  fifteen 
tlegrees,  probably  indicating  an  underlying  boss  of  the  crystalline  rocks. 
12i 
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Tbe  TreotoD  cornea  into  view  west  of  thia  place  in  a  cove  and  is 
again  seen  at  Belleville  on  the  Moira  river  and  northward  along  this 
stream  for  several  miles,  the  exact  contact  with  the  Black  River  form- 
ation not  yet  being  traced  in  this  direction.  From  the  Moira  river  the 
Trenton  continues  along  the  north  side  of  the  Bay  of  Quint^  and  ia  well 
seen  in  low-lying  ledfces  in  rear  of  the  town  of  Trenton,  which  is  just 
beyond  the  western  limit  of  map-sheet  No.  112. 

The  arkose  in  the  Kingston  district  digers  somewhat  from  that  seen 
along  the  shores  of  Rideau  lake  where  it  ie  well  exposed  along  the 
Bouth  side  near  what  b  known  as  the  Narrown.  Here  the  Potsdam 
sandstone  and  the  overlying  Calciferoua  are  well  developed,  but  the 
basal  beds  in  the  lake  district  sometimes  consist  of  a  coarse  congloot. 
erate  made  up  of  pebbles  of  gneiss,  granite,  quartzite  and  crystalline 
limestone,  some  of  which  are  at  least  two  feet  in  llieirgreatest  diameter. 
All  these  pebbles  are  water- worn  and  ai'e  cemented  by  a  sandy  and  cal- 
careous paste.  No  conglomerates  of  this  character  have  been  recognized 
anywhere  west  or  north  of  Kingston  except  at  one  place  on  lots  3  and 
4,  rangea  VII  and  VIII,  of  Loughborough  township,  where  a  four  feet 
bed  of  coarse  conglomerate  was  recorded  by  Murray  in  1852  as  resting 
on  crystalline  limestone.  The  colour  of  the  Potsdam  sandstone  around 
Rideaa  take,  as  also  of  the  sandstones  in  Kingston  district^  varies  from 
red  to  gray,  the  former  colour  being  due  to  red  hssmatite  which  some- 
times forma  masses  of  considerable  extent,  capable  of  being  locally 
mined.  This  htematite  character  is  also  seen  in  the  Kingston  area  at 
several  places,  the  orea  being  generally  pockety  masses,  sometimes  of 
large  size,  near  the  contact  with  the  crystalline  rocks. 

North  of  the  area  occupied  by  the  Black  River  limestones  the  crys- 
talline rocks  are  well  seen.  They  consist  of  gneiss,  quartzite,  limestone 
and  schists,  the  whole  resembling  what  is  known  in  the  province  of 
Quebec  as  the  Grenville  series  and  in  Ontario  as  the  Hastings  series. 
They  lie  in  a  number  of  undulations  and  are  broken  across  at  many 
places  by  masses  of  generally  red  granite  which  are  newer  than  the 
schist  and  limestone.  Masses  of  dioritic  rock,  pyroxene,  and  large  dykes 
of  pegmatite  are  common  throughout  the  area  occupied  by  the  crystal- 
line series. 

Along  the  contact  in  the  vicinity  of  Tamwortb  are  heavy  deposits 
of  sand,  gravel  and  boulders  which  may  represent  in  thia  direction  the 
extension  of  what  has  been  called  the  'Iroquois  beach'  which  ia  so 
well  developed  north  of  Toronto.  No  fossils  have  been  found  in  a,ay  of 
these  deposits,  nor  in  the  clays  west  of  the  Rideau  canal 

Valuable  mineral  deposits  are  found  in  the  district,  more  especially 
in  connection  with  the  crystalline  rocks.  In  the  Black  River  limestone, 
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Mrtb  of  Kingston,  there  is  a  somewhat  remarkable  fissure  extending  Bu]^ 
across  the  coaatry  for  several  miles  which  has  been  filled  with  baryta,  ErngS^ 
the  thickness  of  the  vein  ranging  from  a  few  In'-hes  to  over  three  feet 
in  places.  The  mineral  is  gi-ajish-whit«  and  has  been  opened  up  on 
lots  16  and  17,  range  IV,  of  Kingston  township,  and  is  seen  also  on  lots 
15  and  16,  of  range  V.  The  vein  crosses  the  lots  in  a  north-ease  and 
Mnith-weat  conrse.  An  interesting  feature  in  this  vein,  which  is  verti- 
<^  is  the  presence  of  small  quantities  of  anthraxolite  in  connection 
witii  the  baryta. 

Anthrazolite  was  also  noticed  from  a  vein,  apparently  cutting  red  Aotbrsxolite. 
granite,  at  a  point  about  one  mile  west  of  ChaSee's  lock,  on  the  north 
aide  of  Opinicon  lake.  The  material  is  very  pure,  almost  pitchy  in 
ehsracter,  and  ignites  readily  with  a  match.  It  is  found  in  the  debris 
tbrowQ  out  by  some  animal  in  excavating  through  the  drift  at  the  foot 
of  the  granite  ledge,  the  rein  itself  not  being  seen. 

The  iron  ores  which  occur  in  connection  with  the  sandstone  hare  bon  ores, 
alresdy  been  referred  to.  The  deposits  of  hiematite  are  f^und  princi- 
pally at  D(^  lake,  which  connects  with  the  Rideau  canal  a  short  dic- 
unce  nordi  of  Brewer's  looks,  and  at  neveral  points  along  the  north 
side  of  Opinicon  lake.  At  the  latter  place  borings  have  been  made 
with  a  diamond  drill  to  a  depth  of  several  hundred  feet.  The  ores  occur 
in  the  sandstone  near  the  contact  wich  crystalline  limestone  and  the 
deposits  appear  to  be  pockety  in  character.  Another  deposit  of  red  ore 
ia  aeen  near  the  road  a  short  distance  west  of  the  lake  on  the  north 
half  of  lot  13,  range  XIY,  of  Storriogton.  The  outcrop  here  is  un- 
corered  for  a  space  of  about  seven  feet  square  and  the  estent  of  the 
deposit  is  unknown.  The  other  deposit  is  on  lot  2,  range  XIV,  Bedford. 

Tlie  principal  mining  industry  in  the  district  at  present  is  the  pro-  Micadepodto. 
dncUon  of  mica.  This  mineral  is  found  in  connection  with  the  pyroxene 
rocks  at  a  number  of  places  in  the  townships  of  Loughborough,  Stor- 
risgtoD  and  Bedford  especially,  and  in  the  Rideau  lake  district  in  North 
snd  South  Burgess  and  South  Croeby. 

Mining  has  been  carried  on  for  a  number  of  years  at  various  points  Mode  of 
in  the  district,  and  a  study  of  some  of  the  principal  deposits  waa^ 
mode  for  the  sake  of  comparison  with  those  which  occur  on  the  north 
aide  of  the  Ottawa.  The  conditions  appear  to  be  the  same  in  both 
these  mining  districts.  The  principal  deposits  are  found  in  two  forms, 
tiz.,  in  fissures  in  the  pyroxene  itself,  where  the  mica  crystals  occur 
often  in  targe  masses,  apparently  s^regated  from  the  containing  rock, 
in  which  case,  oalcite  so  often  found  elsewhere  in  association  with 
mica  is  almost  entirely  absent ;  and  secondly,  as  contact  deposits  in  the 
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pyroxene,  near  the  jaaction  with  the  gaeiaa  rock,  in  which  cue  the 
mineral  is  usually  assooiated  with  more  or  less  calcite.  Good  illustra- 
tioita  of  the  latter  mode  of  occnirence  are  seen  at  the  Stoness  mioe 
near  the  lower  end  of  Buck  lake,  on  lot  4,  range  XII,  Bedford,  where 
an  inclined  shaft,  which  is  on  a  slope  of  45  degrees,  has  reached  a  depth 
of  about  450  feet  and  where  the  rock  of  the  damp  from  the  principal 
mine  is  almoet  entirely  composed  of  calcite.  At  this  mine  seTenil 
cross  dykes  of  dark  diabase  cat  the  deposit. 

Of  the  fissure  type  of  veins,  that  of  the  General  Electric  Company 
near  Sydenham,  on  lot  2,  range  VII,  Loughborough,  is  a  good  example. 
Here  calcite  is  almost  entirely  absent  in  the  dump,  and  the  pyroxene, 
which  is  of  a  light  green  colour,  forms  a  large  dyke  cutting  transversely 
across  a  grayish  aod  sometimes  rusty  gneiss.  On  the  south-west  side 
of  the  main  pit  there  is  a  heavy  dyke  of  hard  blackish  diorite  rock  or 
a  dark  hornblende  granite  which  in  some  parts  gives  place  to  a  pinkish 
red.  This  forms  the  foot-wall  of  the  principal  vein,  which  here  dips 
to  the  northeast  at  an  angle  of  60°  to  70°.  The  vein  consists  of  masses 
of  crystals  of  amber  mica,  often  of  large  size,  some  of  them  being 
as  much  as  five  feet  aoroes  the  face.  It  is  generally  of  excellent 
quality  and  comparatively  free  from  fractures.  The  thickness  of  this 
deposit  is  from  ten  to  fifteen  feet.  Along  the  foot-wall  are  occasional 
small  lenses  or  patches  of  calcite,  pinkish  or  griy  in  coloor.  The  mica 
deposit  is  therefore  of  very  large  size,  and  the  vein  appears  to  fold  over 
the  crest  of  thi  large  diorite  dyke.  Small  quantities  of  green  apatite 
are  fouad  in  the  pyroxene. 


At  the  McLaren  and  Fulford  i 
hich  wi 


TheMoI^ren 

mine.  South     range  VII,  South  Crosby, 


ut  of  Davis  lock,  on  lot  15, 
d  some  tweaty  years  ago  as 


Bia  apatite  mine,  and  re-opened  in  1900  for  mica,  the  ccnntry  rock  is  a 
reddiah-grny  gneiss,  much  interjected  by  granite.  At  the  opening 
there  is  a  heavy  dyke  of  dark  hard  diorite  which  intersects  the 
pyroxene,  and  in  the  excavation  the  mica  vein  sometimes  widens  to  a 
thickaess  of  eight  to  tea  feet,  many  of  the  crystals  being  of  large 
sisw.  Bunches  of  iron  pyrites  are  found  in  places  near  the  edge  of 
the  vein,  and  when  this  occurs  the  good  quality  of  the  mica  is  seriously 
affected,  it  becoming  much  broken  and  discoloured.  Apatite^  both 
red  and  gray  in  colour,  occurs  in  some  abundance  and  there  is  a  small 
quantity  of  jvd  heematite  in  parts  of  the  excavation.  Small  bunches 
of  pink  calcite  also  occur.  The  output  of  mica  is  large  and  ite  quality 
fairly  good. 

At  Tett's  mine,  which  is  about  three  miles  from  the  upper  end  of 
Devil's  lake,  on  lot  2,  range  VIIL,  Bedford,  the  country  rock  is  also 
a  reddish  and  reddish-gray  gneiss  with  bands  of  msty  gray  gneiss,  the 
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strike  of  which  ia  about  N.  60°  K  and  the  dip  to  the  Dortb-weet.  This 
ia  eat  by  a  heavy  dyke  of  light-greea  pyroxene  which  is  in  tarn  cut 
by  »  very  hard  grftyieh  granite.  The  mine  is  opened  by  a  seriea  of 
^ts  in  the  pyroxene,  but  as  unfortunately  these  were  filled  with  water 
at  the  time  of  our  visit,  the  relations  of  the  mica  could  not  be  clearly 
ttscertaioed.  The  output  is,  however,  stated  to  be  very  coosiderable, 
and  the  crystals  of  large  size.  There  ia  but  a  small  showing  of  calcite 
at  this  place,  and  the  pyroxene  oats  directly  across  the  strike  of  the 
gneiss,  the  mica  occurring  apparently  as  a  contact  deposit  neu  the 
junction  of  the  gneiss  and  pyroxene.  Buncbes  of  iron  pyrites  occur 
in  the  hard  pyroxene  and  the  course  of  the  dyke  is  about  north-east. 
I^rge  crystals  of  pyroxene  are  found  at  this  place. 

At  the  Smith  and  Lacey  mines  on  the  north  side  of  Opinicon  lake,  Smith  uid^ 
the  ooontry  rock  ia  largely  a  rusty  gneiss  which  is  cut  by  several 
dykes  of  pyroxene,  some  of  which  are  of  large  size.  No  pink  calcite 
iras  observed  at  this  place,  but  then  is  an  abundanoe  of  light  greenish- 
gray  rock,  apparently  a  felspar  on  the  dumps.  The  mica  is  of  large 
size  and  good  colour  and  apparently  very  abandant  at  some  of  the 
openings,  but  as  no  work  was  being  carried  on  at  the  time  of  our  visit 
the  chances  for  observing  the  relations  were  not  very  good.  The  mica 
appears  to  occur  in  fissures  in  the  pyroxene. 

The  above  descriptions  of  the  leading  mica  deposits  serve  to  show 
that  the  conditions  at  these  mines  are  almost  identical  with  those 
already  described  as  occurring  in  the  area  north  of  the  Ottawa.  There 
are  a  number  of  other  deposits  in  the  district,  some  of  which  appear  to 
be  of  excellent  quality,  bat  these  were  not  examined  owing  to  the  lack 
of  time. 

The  iron  deposits  are  of  two  kinds,  and  have  been  well  described  in  Inmdepcrats 
the  report  by  Mr.  Ingall  on  the  ores  of  the  Kingston  and  Pembroke  Kin^aton 
district.     It  is  not  necessary  to  refer  to  them  in  detail  in  the  present  '""^"'i^ 
summary.     Of  these  the  magnetites  are  associated  with  the  crystalline 
rocks,  generally  in  connection  with  masses  of  intrusive  rocks,  which 
cut  the  gneiss  and  limestone  of  the  district.     The  fanmatites,  on  the 
other  hand,  are  usually   found    associated  with  the  sandstones,  which 
have   been   already  described.     They   are   of   a  different  origin,  and 
some  of  them  have  already  been  referred  to  on  a  previous  page. 

In  connection  with  a  number  of  the  granite  dykes  which  everywhere  Felspar 
abound  in  the  area  of  the  crystalline  rocks,  notably  in  the  pegmatites,  iBlimd  lake, 
large  masses  of  pink   felspar  are  found.     Among  these  the  moet 
important  yet  noted  areata  locality  on  lot  1,  range  II,  of  Bedford,  near 
theshoreof  Thirteen  Island  lake.    The  felspar  from  this  location  is 
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beautifully  clear  Mid  apparently  largely  free  from  iron.  It  ia  quarried 
and  shipped  from  Bedford  and  Verona  Btations,  on  the  Kingston  and 
Pembroke  railway.  The  quantity  is  said  to  be  altnoet  unlimited.  The 
distance  of  the  mine  from  Bedford,  by  winter  road,  is  about  four  miles, 
and  from  Yerona,  by  the  regular  road,  about  seven  miles.  O^er 
large  deposits  of  this  mineral  occur  in  the  vicinity.  The  principal 
mine  has  been  worked  by  Richardson  and  Smith. 
V^apuot  Another  similar  deposit  of  felspar  occurs  in   the  granites  near 

miiii^         Eingston  Mills,  and  it  has  been  worked  to  some  extent.     The  quality 

at  this  place  is  also  excellent 
Laad  miiiea.        No  oew  developments  have  been  made  in  the  lead  deposits,  of  which 
several   are   found   in   the   townships   of    Lanadowne,    Bedford   and 
Loughborough. 
Tslo.  A  deposit  of  talo  has  recently  been  opened  and  mined  to  some  extent 

near  the  road  from  Ganauoque  to  Kingston  and  about  three  miles  from 
the  former  place.     Work  on  the  deposit  of  this  mineral  on  one  of  the 
islands,  in  Bideau  lake,  a  short  distance  from  Portland,  has  been  discoa- 
tinoed. 
LimaatoDe  Large  and  valuable  quarries  have  been  opened  in  the  limestones  of 

qnaniea.  ^^  Black  River  formation  at  Kingston,  Wolfe  Island,  Napanee  and  a 

number  of  other  poiuts  throughout  the  district.     At  Deseronto,  a 
large  quarry  is  located  in  the  Trenton  limestone  about  a  mile  north  of 
that  toitn.     The  quarry  at  Ox  Point,  near  Belleville,  in  the  upper 
part  of  the  Black  River  formation,  has  already  been  referred  to. 
Saodabme  The  sandstone  of  Gildersleeve's  quarry  on  the  Rideau  canal  furnishes 

qnaiT?.  ^^  excellent  building  stone.     Some  of  the  output  has  been  shipped  to 

Montreal,  and  a  number  of  houses  and  public  buildings  in  the  neigh- 
bourhood of  Kingston  have  been  constructed  either  wholly  or  in  part 
of  this  stone.  The  efi'ecta  of  the  red  stone  in  combination  with  the  gray 
limestone  is  very  good.     At  present  the  quarry  is  not  worked. 
Oopper,  gold.       Mines  of  copper  and  of  gold  have  been  opened  in  the  neighbourhood 
actinoliie,        ^f  Flinton,  in  the  northern  portion  of  the  area.     No  work  was  beine 
nuoUflnde.  ,     .  ■  .  . 

done  at  these  dnnng  the  past  season.  A  deposit  of  actinolite  has 
been  worked  to  some  extent  near  the  road  between  Flinion  and 
Kalodar,  and  a  nnmber  of  tons  of  the  mineral  have  been  extracted. 
A  deposit  of  zincblende  occurs  in  Olden  on  the  north  side  of  Long 
take,  from  which  about  100  tons  of  ore  have  been  taken. 
SheO-nur).  tjhell-marl  is  found  in  the  bottom  of  many  lakes  throughout  the  area 

north  of  Kingston.     A  large  part  of  Lou gti borough  lake  is  underlaid 
by  this  substance,  more  especially  in  the  western  half.     In  Mr.  Murray's 


ib.  Google 


«l-1  BUHUART   REPORT  185   A 

geoloj(ica]  report;  for  1862-53,  it  is  stated  that  the  bottoms  of  all  the 

lakes  from  this  to  White  take  in  Olden,  are  more  or  leas  of  the  same 

anhatance.     It  was  also  found  in  White  lake  in  Sheffield,  and  on  the  P*^*  "■ 

brook  which  Sows  from  it  to  Beaver  lake ;  but  the  largest  and  'most  rownship. 

arailable  deposits  met  with  were  on  Mr.  McDonnell's  property,  on  the 

!5th  and  16th  lots  of  ths  second  concesaion  of  Sheffield,  aod  on  the 

I3th  lot  in  the  third  and  toarth  concessions  of  the  same  township. 

The  deposit  on  Mr.  McDonnell's  place,  extends  over  an  area  of  200 

icrea  and  perhaps  more,  with  a  thickness  over  the  greater  portion,  of 

at  least  ten  feet,  which  was  proved  by  pushing  a  pole  of  that  length 

throngh  it  Id  various  places,  without  striking  any  other  material.     On 

the  surface  there  is  a  thin  soil,  bearing  a  luxuriant  growth  of  prairie 

grssB.     Mr,  Morray  says : — 

"The  marl  on  the   12th  lot  of  the  third  and  fourth  concessions,  Ur. A. Mornty 
extends  over  at  least  300  and  perhaps  400  acree  or  more,  bat  its  thick- '"" 
n«s8  I  could  not  ascertain.     The  place  where  it  occurs  is  mostly  a  marsh 
or  swamp,  and  the  deposit  is  covered  over  by  an  accumulation  of  peat, 
averaging  about  four  feet  in  thickness. ' 

A  large  dep^isit  of  marl  of  excellent  quality  which  occurs  near  Marl-  Mail  deposit 
hank  in  the  township  of  Hungerford,  has  been  used  for  some  years  in 
Che  manufacture  of  Portland  cement.  The  marl  occurs  in  the  dry 
bed  of  a  lake  with  an  extent  of  about  150  acres  and  a  depth  in  places 
of  not  far  from  thirty  ftet.  The  cement  works  are  located  in  close 
proximity  to  the  deposit  at  Marlbank,  but  a  second  manufacturing 
plant  has  recently  been  established  at  Strathcono,  six  miles  east  of 
Naponee  on  the  line  of  the  Bay  of  Quints  railway,  the  raw  material 
being  brought  from  MarlbAnk.  This  location  is  admirably  adapted  for 
the  purposes  of  manufacture,  being  near  the  line  of  railway. 


Fktroorapby  or  Shbfpord  and  Broub  Modntainb. 
Principal  Jl  A.  Dresaer. 

In  accordance  with  the  plan  of  the  Geological  Survey   to  complete  Fetrognphi- 
the  petrc^aphical  examiaatioD  of  the  series  of   remarkable    volcanic  ^ona'br'^rf, 
hills  which  crosses  the  3t  Lawrence  valley  from  Shefford  and  Brome  to  J-  *-  !>««'. 
Rigaud,  in^eetigations  have  been  continued  during  the  past  season  on 
Shefford  and  Brome  mountains.     The  nnusual  character  of  these  hills 
has  been  mentioned  in  several  earlier  reports  of  this  Survey,  especially 
those  for  1863  and  1894,  but  it  ia  only  recently  that  detailed   petro- 
graphieal  examinations  have  been  begun. 
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^>Hc[M41iu-      This  work  is  likely  to  be  greatly  facilitated  by  private  investigations. 

iaTSBtigK-         Mr.  O.  £.  LeRoy,  B.A.,  McGill  Univeraitj  faaa  already  presented  the 

^"*  resnita  of  a  very  complete  examination   of   Rigaud   moantain    to   the 

O«ologic&l  Society  of  America  at  the  winter  meeting  of  1900.  Therein 
he  showd  that  this  mountain  is  more  likely  connected  with  ^e  porphyry 
intrnsion  at  GrenviUe  than  with  the  present  series.  A  petrographlcal 
description  of  Mount  Johnson  of  this  series  by  Dr.  F.  D.  Adams  will 
soon  appear,  while  similar  work  at  the  hands  of  Frofesson  Harrington 
oad  Adams  has  been  in  progress  at  Mount  Royal  for  some  time.  Mr. 
LeRoy  bos  also  the  examination  of  Beloeil  mountain  well  under  way. 
There  remain  therefore  Yamaska,  Rongemont  and  Montarrille  yet  to 
be  studied ;  also  Calvure,  should  preliminary  investigations  prove  it 
also  to  belong  to  the  series.  In  all  cases,  the  results  of  these  detailed 
researches  have  shown  that  these  bills  are  of  rare  geologic  interest. 

Shefford  The  report  on  Shefford  monntatD  has  been  completed  and  was  placed 

„pQrt_  in  your  hands  in  May  last,  while  in  the  months  of  July  and  August,  the 

field-work  necessary  for  the  oompletion  of  a  similar  report  on  Brome 
mountain  was  carried  out.  In  previous  aummat?  reports  it  has  been 
stated  that  Shefford  mountain  is  an  elevation  covering  some  nine  square 
miles  in  area  in  the  county  of  Shefford.  It  baa  been  caosed  by  three 
successive  vulcanic  eruptions,  the  lavas  of  which  have  formed  rocks  of 
rare  types  in  each  case.  A  careful  microscopic  study  of  over  one  hundred 
specimens  of  these  rocks  has  been  made,  and  also  a  complete  chemical 
analysis  (by  Mr.  M.  F.  Connor,  B,A.Sc.,  Radnor  Forges,  Que.)  of  one 

Ignscnu  rocks,  oi  the  main  types.  The  first  (in  point  of  age)  of  these  igneous  rocks  is 
foand  to  be  essexite.  It  forms  two  massee  in  the  mountain,  the  later 
rocks  having  probably  been  throst  up  through  the  original  body,  thus 
dividing  it  into  two  parts.  One  comprises  the  locality  of  Coupland's 
lake  and  thence  extends  northward  to  the  edge  of  the  mountaios  near 
Shefford  Mountain  post  office.  The  other  extends  along  the  margin  of 
the  mountain  from  Beauregards  oorner  to  McCutcheons  road  and  in- 
cludes the  important  rock  of  Morriseau's  quarry. 

The  second  rock  is  a  variety  of  syenite  distinguished  as  Nordmarkite 
in  its  type  occurrence,  which  is  in  southern  Norway.     It  forms  all  the 

Dounao'ii  marginal  part  of  Shefford  mountain  not  occupied  by  essexite.  A  con- 
tact phase  of  this  is  the  rock  at  Dounan's  quarry,  which  proves  to  be 
of  unusual  value  for  monuments  and  other  decorative  work  for  which 
granite  or  syenite  is  commonly  employed.  The  possibilities  of  this  quarry 
were  mentioned  in  a  summary  report  for  1900.  Since  that  report  was 
written,  however,  the  quarry  has  been  acquired  by  Mr.  C.  J.  Hill,  of 
the  Granite  and  Marble  Cutting  Works,  of  Richmond,  who  has  in  a 
couple  of  weeks'  preliminary  work  already  taken  out  a  quantity  of 
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mterUl  which,  when  polished  will  have  %  valae  of  about  $3,000-  From 
the  sncceaa  thus  met  witii  3£r.  HUl  ooatemplfttea  the  dreaaiog  of  the 
rode  At  the  quarry  and  poBsibly  the  erection  of  polishing  works  there 
u  *eti.  Other  portions  of  both  these  rocks  seem  to  be  well  suited  for 
scODOinic  purposes. 

The  third  rock  is  pulaskite,  also  a  rare  syenitic  type.  It  forms  t, 
•msller  part  of  the  mountain  and  extends  from  Coupland  lake  south- 
«utwEud  orer  the  highest  point  above  Knotts  comer.  lb  here  termi- 
nates in  a  point  at  the  south,  being  scarcely  two  hundred  yards  wide 
There  crossed  by  the  mountain  road.  A  summary  sketch  of  the  rocks 
rf  3hefibrd  mountain  was  published  by  your  permission  in  the  October 
nnmber  of  the  AmerictMi  Geologiat  of  the  current  year. 

Brome  mountain  embraces  an  area  of  about  thirty  square  miles  in  ATeaof  Brcoae 
the  townships  of  Brome,  Bast  Famham  and  SheSbrd,  which  belong 
raspectivdy  to  the  counties  of  Brome,  Missisquoi  and  Shefford.  The 
central  portion  in  the  vicinity  of  Brome  pond  oonsists  of  a  rather 
level  basiQ  about  two  and  a-half  by  two  miles  it)  extent,  which  is 
generally  overlain  by  heavy  beds  of  clay,  and  is  surrounded  by  a  nearly 
continuous  rim  of  hills  rising  from  600  to  1,000  feet  above  the  level 
of  the  surrounding  country.  At  West  Sheffiird  station  this  level  is 
440  feet  above  mean  sea-level.  The  interior  is  well  cleared,  while  the 
hills  are  all  wooded  ;  yet,  as  most  of  them  are  used  for  pasture  lands, 
the  highest  points  were  generally  found  well  enough  exposed  to  afibrd 
furly  satisfactory  conditions  for  geological  study. 

The  drainage  of  almost  the  entire  area  is  towards  the  south-west.  Dnuoage  of 
BrcoDe  pond,  a  small  sheet  of  water  some  tliree-qnarters  of  a  mUe  in 
length  and  half  as  wide,  lies  in  the  lowest  part  of  the  interior  basin, 
ud  is  drained  into  the  Tamaska  river  through  an  opening  in  the  hills 
known  as  Qten  Famham.  No  definite  information  was  obtained  as  to 
the  depth  of  the  pond.  Fed  by  a  brook  whose  dimensions  aro  not 
maoh  lees  than  those  of  ^e  outlet-,  it  must  be  largely  a  drainage  lake. 
Tst,  as  it  lies  at  the  contact  of  two  difierent  igneous  rocks,  and  as 
iprings  are  common  along  these  contacts,  the  pond  probably  derives 
Bome  of  its  waters  from  underground  sources.  Two  other  ponds, 
koowQ  as  Oales  and  Silver  spring  or  Bull's  pond  are  each  about  half 
IS  large  as  Brome  pond.  They  have  much  smaller  drainage  basinp, 
with  much  lees  sediment  along  their  banks,  and  are  presumably  more 
largely  fed  by  subsurface  inflow. 

la  the  earlier  reports  which  have  been  referred  to,  it  has  been  shown  Earlier 
that  Brome  mountain  is  of  igneous  intrusive  origin.  The  surround-  "P"*^ 
ing  Bediments  have  been  shown  by  Dr.  Ells,  in  the  annual  report  of 
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this  Survey  for  1894,  to  belong  to  the  Sillery  divisioa  of  the  Cambriaa 
eyatem  and  to  the  Phillipsburg  Beriec  (D  2  b)  of  the  lower  Trenton. 

The  monntain  was  first  crossed  in  two  directions,  first,  from  West 
Bhefiord  village  to  the  'centre  rottd'  between  Sweetsbnrg  and  Knowl- 
ton,  and  next  from  Tihbetts  hill  to  Gale  mountain,  thue  giving  two 
complete  sections  across  the  area.  The  contact  with  the  enclosing 
sediments  was  next  traced  out  as  ctirefnlly  as  possible,  and  fiually  the 
different  rock  masses  which  comprise  the  igneous  part  of  the  mountain 
were  separated  from  one  another.  Representative  specimens  were 
taken  from  all  parts  of  the  mountain,  of  which  thin  sections  are  in 
course  of  preparation.  Three  analyses  of  the  main  or  representative 
types  are  now  being  made  by  Mr.  U.  F.  Connor.  I  most  acknowledge 
with  warmest  thanks,  the  valuable  help  received  from  Mr.  H.  A. 
Honeyman,  M.A.,  XnowltOD,  in  the  latter  part  of  the  field-work. 

Compoticion  The  mountain  consists  of  two  principal  rock  masses  of  different 
o  mouQ  ID.  ^^^  ^f  intrusion,  with  a  smaller  area  of  distinct  character  and  prob- 
ably also  of  different  age.  The  earliest  is  a  dark-gray  rock  weather- 
ing dull  brown.  In  texture  it  is  coarsely  holocryBtalline  and  frequently 
has  a  porphyritic  structure.  Felspar,  hornblende  and  biotite  are  the 
principal  constituents  that  can  be  distinguished  in  the  band  specimen. 
In  general  aspect  it  resembles  the  theralite  of  Mount  Royal  in  places, 
and  in  others  the  esseicite  of  Shefford  mountain.  Flow  structure  is 
sometimes  found.  This  rock  forms  the  south-western  part  of  the 
mountain  from  the  vicinity  of  the  Iron  Hilt  Cemetery  to  a  distance 
of  half  a  mile  north  of  Gale  pond.  It  skirts  Brome  pond  on  the 
BOnth-weat.  A  mass,  which  is  apparently  separate,  rans  from  Colliers 
hill  for  a  mile  and  o-half  towards  Shefford  station.  Probably  a  part 
of  the  same  original  occurrence,  it  is  either  cut  apart  by  the  irruption 
of  later  rock,  or  covered  in  the  inbrusioa  of  the  latter.  The  contacts 
are  BO  far  concealed  as  to  make  it  difficult  to  determine  which  has 
been  the  case. 

Second  The  second  variety  of  igneous  rock  forms  the  northern  part  of  Gale 

isotMiui  rock,  mountain.  Oak  Hill,  the  vicinity  of  Hayes'  quarry.  Spruce  mountain. 
Fine  mountain  and  Tibbetts  hill.  It  is  a  fawn  coloured  or  light-gray 
rock,  in  texture  very  coarsely  crystalline.  Felspar,  and  a  small  amount 
of  a  green  bisilicate  are  the  chief  constituents  of  the  rock.  In  places, 
however,  nepheline  can  be  seen  by  the  unaided  eye.  A  single  micro* 
scopic  seclAon  from  the  farm  of  Nelson  Keet  and  near  the  head  of 
Brome  pond  shows  the  febpar  to  be  microperthite  and  the  bicilicate 
algerine-augite.  Both  are  embedded  in  nepheline,  which  is  here  scarcely 
perceptible  without  the  aid  of  the  microscope.  Pegmatitic  structure  is 
common  in  this  rock,  while  certun  parts  are  porphyritic     It  has  been 
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used  ia  the  oonstniction  of  the  Canadian  Pacific  railway  bridge  over 
tbe  Yamaaka  river  near  Sht^ffingtOD,  and  also  of  the  Roman  Catholic 
dmrch  at  West  SheSard.  In  those  parts  of  the  mountain  which  hare 
easy  railway  access  it  should  eventnallj  prove  a  valaable  material  for 
omameatal  and  constructive  purposes.  Its  close  resemblance  to  the 
Isorvikite  of  Norway,  which  is  much  used  for  interior  decorations  on 
the  continent  of  Europe,  b  important.  The  favourable  railway  com-  Probablo 
munication  of  this  locality,  together  with  the  various  kinds  of  rocks  vaJueof 
suitable  for  omitmeated  purposes  in  Shefford  and  Brome,  should  give  ftrwito- 
rise  to  a  '  granite'  industry  at  West  Shefford,  comparable  to  that  of 
Qnincy,  IVfafisaohusett>a,  or  Barre,  Yermont.  Some  of  tbe  pegmatitic 
pluues  might  be  found  useful  for  tbe  production  of  felspar  for  pottery 
■naaafacture.  Where  protected  from  glaciation,  this  rock  has  common- 
If  disintegrated  to  a  depth  of  several  feet  and  the  weathered  material, 
being  generally  somewhat  uniform  in  size  and  always  angular  in  form, 
nukesexcellent  rood  metal.  I^arge  quantities  are  thus  available  at  many 
points,  a  fact  of  which  tbe  Good  Roada  Aasooiation  of  the  township 
of  Brome  would  do  well  to  avail  itself.  Tbe  name  '  Iron  Uill '  does  not 
)>pp«ar  to  find  justification  in  tlie  presence  of  any  considerable  quantity 
of  that  metal.  The  name  has  probably  been  derived  from  the  limonite 
coatings  common  on  the  joint  planes  of  the  syenite  of  the  vicinity. 

The  third  rock  type  occurs  on  the  road  between  West  Shefiurd  vil-  Third  rock 
lage  and  Brome  pond,  and  ia  in  part  on  the  farm  of  John  Jonea.  It  *'''*■ 
extends  for  a  quarter  of  a  mile  east  of  the  road  and,  by  greater  resist- 
uice  toerosion,  forma  a  low  and  rather  flat-topped  bill.  It  is  a  greeniah- 
gray  rock  and  porphyritic  in  structure,  the  jjhenocrysta  being  probably 
feUpar.  The  rock  bos  the  general  appearance  of  a  tinguaile,  but  iti 
identification  ia  aa  yet  by  no  means  definite,  aa  no  detailed  atudy  of  it 
haa  yet  been  oiade.  It«  relation  to  the  other  igneous  rooka  is  not  clear, 
M  the  contact  ia  eonceated  in  all  cases  as  far  as  could  be  found,  either 
by  drift  or,  in  larger  measnre,  by  sedimentary  outliers,  which  have  been 
)Htitected  from  removal  by  tbe  greater  durability  of  the  rock  already 
mentiimed.  Completely  surrounded  by  the  syenitic  rock  j  ust  described, 
this  tingnaitio  rock  differs  from  the  latter  in  being  of  an  efilusive,  or 
byperbyssal,  rather  than  of  a  plutonic  character.  While  it  may  be  a  - 
more  rapidly  cooled  pare  of  the  lai^r  mass,  it  seems  more  probable 
that  it  forms  a  separate  intrusion. 

Although  the  character  of  ite  crystallization  might  be  regarded  as  Brome 
indicative  of  the  extension  from  an  active  volcano,  of  which  this  point  "g°v""^J^ 
woold  have  been  tbe  vent,  tbe  presence  of  aedimentaiy  outliers  in  ntany  actTve 
parts  of  the  mountain  and  even  at  higher  levels,  aa  on  Pine  mountain, 
eeein  to  indicate  unmistakably  that  Brome  mountain,  like  Shefford,  is 
u  nnoovered  laccolith  and  has  never  been  an  active  volcano. 
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Geological  ElzPLORATioy  op  ANncoerL 

(The   Very  Revd.  Profutor  Laflamme.) 

(TraDs]&ted  from  the  French.) 

Work  bf  The  geological  study  accompliahed  at  Aaticoeti  during  the  past 

L»fliui.me!  Bummer  extends  from  En(;liah  Head  to  the  north  oa  far  as  Pavilion 
river  to  the  south-west,  that  is,  it  oovera  a  distance  of  slightly  over 
100  milee.  All  the  observations  here  reooided,  therefore,  only  apply  to 
that  part  of  the  shore.  The  remainder  will  be  taken  up  later  in 
another  report,  if  cironmstancea  permit.  A&  to  the  geological  study  of 
the  interior,  that  is  to  say,  going  up  the  rivers  and  making  sections,  I 
hod  to  give  it  up  this  year  owing  to  the  clouds  of  mosquitoes  which 
swarm  in  that  part  of  the  country  even  at  the  end  of  August,  and 
which  render  any  continuous  work  very  difBcult.  This  could  better  be 
undertaken  in  September  and  October,  towards  the  end  of  the  season. 

Stratimphv  General  ttratigraphy. — This  is  to  be  found  described  in  a  very 
detailed  form  in  Mr,  Richardson's  report  tor  1856  and  ia  the  geology 
of  Canada  for  1863.  The  very  full  and  detailed  sections  which  are 
there  given  should  not,  however,  be  taken  too  literally.  The  composi- 
tion of  the  different  strata  of  any  one  group,  their  attitudes  and 
thicfaneeses,  vary  to  such  an  extent  at  different  places,  that  nnlesa 
work  is  done  at  the  exact  spots  where  they  were  determined  by  the 
geolof^iat  of  1856,  notably  dissimilar  results  and  conclusions  would  be 
arrived  at. 

It  is  true  that  the  main  divisions  are  such  as  they  were  then  deter- 
mined to  be,  but  we  had  to  give  up  going  into  a  superabundance  of 
secondary  details  of  too  numerous  subdivisions.  To  generalize  in  too 
abeolute  a  fashion  would  be  laying  one's  self  open  to  errors. 

Ail  the  beds  of  the  island  from  one  side  to  the  other  lie  conformably 
to  each  other,  almost  horisontally  except  for  a  very  slight  dip,  hardly 
noticeable,  towards  the  south  or  south-west,  but  sufficient  to  account 
for  the  difference  in  appearance  between  the  north  shore  and  the  south 
shore  of  the  island. 

Abrupt  cliffB.  The  rocks  on  the  north  side  form  quite  abrupt  cliffs,  which  rise  in 
places  to  more  than  600  feet ;  those  on  the  south  shore  are  low  lyingi 
rising  but  little  above  the  level  of  the  St.  Lawrence,  except  in  a  few 
cases,  owing  to  local  faulting. 
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Nowhere  have  I  noticed  folds  or  benda  of  ajiy  importaace,  except 
tbe  very  low  acticlinea  ravealiMl  bj  sectiaiiB  along  the  shore  above 
ttio  Japiter  and  Lachnt«  riTcra, 

However,  two  rather  important  faults  occur  in  that  part  of  the  "^o  imcor- 
Bhore  which  I  examined.  One  is  seen  at  Cap-a-1'aigle  (Ellis  ha.j)  and 
eitenda  parallel  to  the  shore  at  a  certain  distance  from  it  beyond 
Biri^re^QZ-CaDards.  On  tbe  north  side,  this  line  of  taalt  is  disclosed 
by  an  abrupt  cliff,  and  on  the  south  side  hy  a  string  of  small  lakee 
Wnd  at  its  foot.  At  the  latter  point  the  shore  has  been  formed  by 
the  action  of  the  waves  depositing  the  debris  torn  from  the  portly 
covered  beds.  The  second  fault  is  found  at  Jupiter  river.  It  crosses 
the  shore  obliquely  one  mile  above  its  mouth  at  the  western  extremity 
of  Cape  Jupiter.  From  that  point  it  crosses  Jupiter  bay  and  disap- 
pears on  tbe  shore  of  tbe  West  Point  Tbe  sonthern  wi^l  is  lower 
than  at  Cap-a-I'aigte ;  it  sinks  under  water  and  the  waves  have 
hollowed  out  Jupiter  bay  from  the  northern  wall,  which  rises  into  a 
di£     At  this  place  the  northern  cliff  rises  to  a  height  of  some  200  feet. 

This  faulting  was  not  accompanied  by  any  ohangee  in  the  regular 
disposition  of  the  beds.  The  strata  remained  homontal  on  both  sides 
of  tbe  break. 

All  tliB  strata  seen  on  the  island  are  limestone,  with  the  exception  Hudeon  River 
of  some  thin  and  irregular  layers  of  sandstone  at  Pointe  aux  Orainee, 
Biviere  aux  Canards,  and  Riviere  Becsies.  Tbe  Hudson  River  beds 
themselves,  which  form  the  whole  northern  shore  from  West  point  aa 
fsr  as  Bale  aux  Renards  are  also  limestones,  but  the  latter  are  more 
srgillaceoua  than  those  on  the  southern  side.  Imbedded  in  these  are 
hagi  corals  impregnated  with  petroleum  to  such  an  extent  that  on  break- 
ing them  the  oil  oozes  out.  The  presence  of  these  petroliferous  fos- 
ala  might  lead  one  to  hope  that  this  valuable  liquid  may  sometime  be 
foand  in  quantity  on  Anticosti  island,  but  this  ia  not  very  probable. 
The  corals  referred  to  are  only  met  with  in  tbe  Hudson  River  beds 
along  tbe  north  shore.  No  physical  disturbance  has  affected  tbe^e 
strata,  which  are  everywhere  horizontal,  and  there  are  no  reasons  for 
tbe  helief  that  crevices  or  cavities  exbt  in  tbem  to  act  as  reservoirs  in 
vhich  the  petroleum,  scattered  throughout  the  mass,  would  in  time 
have  collected.  Moreover,  these  corals  are  not  abundant  and  the  cal- 
careous beds  which  contain  them  do  not  present  the  bituminous  char- 
Kter  found  in  other  places,  as  for  example  in  the  vicinity  of  Quebec 
oty  or  at  I^ke  St.  John. 

The  rocks  of  Anticosti  are  very  often  exposed  on  the  tops  of  hills.  Glncial 
la  the  lower  parts  they  are  concealed  by  a  greater  or  less  thickness  ^  snom^"*- 
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of  f^ravel  and  oalcareoae  detritus  of  modern  origin.  At  different 
pl&oes  are  found  varying  thickneBses  of  atr&tified  clay,  vith  fossils 
similar  to  those  found  in  post-glacial  clays  in  other  parts  of  the 
province.  Tbeir  surface  is  covered  b^  a  layer  of  silicious  sand,  also 
stratified,  but  devoid  of  fossils.  These  argillaceoaH  beds  cover  a  part 
of  the  western  side  of  the  island,  where  they  are  put  under  cultiva- 
tion. They  also  appear  very  distinctly  as  river  terraces  at  Cap  Ste. 
Marie,  and  also  from  Riviere  du  Cap  as  far  as  Riviere  Pavilion.  Un- 
fortunately these  argillaceous  deposits  are  not  likely  toextend  very  far 
into  Ihe  interior,  except  at  L^ke  Plantain  and  vicinity.  Moreover,  at 
B  short  distance  from  the  shore,  they  are  covered  by  a  thick  layer  of 
mould  which  would  render  bheir  availability  as  farming  land  very 
problamatical.  Nowhere  are  these  qualernay  deposits  as  thick  as  in 
the  great  central  plain  of  the  province  of  Quebec. 

As  a  rule  the  rivers  of  Anticoeti  have  completely  removed  these 
argillaceous  deposits  and    have  eroded    them  to  the  rock  over  which 
they  flow,  and  this  in  spite  of  the  restricted  volume  of  water  which 
they  discharge,  so  that  their  erosive  power  is  comparatively  small. 
Cbtys  of  post-       These  clays  are  poet-glacial.     The  fossils   which   I  found  contained 
g         onBin.  .^  them,  and  of  which  I  have  sent  you  specimens,  amply  prove  this. 
The  numerous  pebbles  which  they  contain  are  all   oaloar«ou8,  with 
sharp  angular  edges  and  ore  almost  all  derived  from  the  rocks  of  the 
island.     Moreover,  the  eminently   calcareous  character  of  the  clays 
themselves  is  a  proof  that  they  are  the  result  of  the  decomposition  of 
the  strata  found  on  the  island,  that  they  were  formed  almost   entirely 
'  in  situ  '  and  that  the  older  rocks  on  the  north  shore  had  very  little  or 
nothing  to  do  with  their  origin.     Therefore  all  the  farming  soil  of  An- 
ticosti  seems  to  me  to  be  of  local  origin.  The  great  scarcity  of  siliceous 
sands  may  thus  be  accounted  for,  the  formation  of  the  island  contain- 
ing very  few  beds  of  sandstone  and  do  other  siliceous  rocks. 
GlnainJ  Btrjeo        I'he  glacial  striee  are  very  scarce  on  the  island,  owing  to  the  calcar- 
''^"^'  eous  nature  of  the  rocks,  which  weather   easily.     I  found,  however,  a 

few  very  distinct  ones  at  Riviere  du  Cap,  which  had  been  protected 
by  a  bench  of  sandy  clay  some  twenty  feet  in  thickness.  Their  direction 
is  from  north-east  to  south-west. 

Moreover,  evidences  of  glacial  action  are  very  apparent  on  studying 
the  pebbles  and  bouldeis  which  are  found  in  every  part  of  the  island, 
even  on  the  highest  points.  These  pebbles  are  everywhere  numerous, 
some  of  good  size  and  rather  well  rounded.  They  consist  of  fragments 
of  gneisses,  granites,  pure  labrodorite,  and  other  rocks,  which  evidently 
oome  from  the  north.     These  pebbles  together  with  the  evidence  af- 
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forded  by  the  glw:ial  ntrite  already  referred  to,  constitute   on  andeni- 
able  proof  of  the  paaeage  of  the  ancient  liuid  ice  over  the  surface  of  the 

That  the  waters  of  the  subsequent  period  (Champlain)  covered  the 
island  of  Antiooati  is  amply  proved  by  the  preeeaca  of  the  fosailiferous 
lemces  of  aieoaceooa  clay,  as  well  aa  by  numerous  calcareous  pebbles 
vith  marka  of  burrowing  by  Saxicawt,  etc.,  which  are  also  found  every- 
where on  the  island,  both  in  depressions  and  oa  eminences. 

The  uplifting  which  characterized  the  close  of  this  period  throughout  Y-^!!i^ 
the  province  is  distinctly  marked  oo  the  island.  Two  phases  of  it  may  nuuked. 
be  rec<^ized  -,  they  are  clearly  shown  by  two  syBtema  of  terraces 
wbich  are  noticeable  at  two  different  levels  between  the  St.  Marie  and 
Jupiter  rivers.  One  of  these  is  found  at  a  height  of  about  fifteen  feet. 
sad  the  other  at  some  thirty  feet  above  the  level  of  the  St.  Lawrence. 
This  uplifting  is  still  going  on,  and  appears  to  be  taking  place  with 
remarkable  rapidity.  This  is  proved  by  the  depoeits  of  gravel  which 
form  the  subeoil  of  a  great  part  of  the  island  between  8t«.  Claire  Bay 
ud  Strawberry  cove,  as  well  as  the  apparent  filling  up  of  Ellis  bay. 

The  gravel  is  of  contemporaneous  origin,  as  benches  of  it  are  in 
oonrse  of  formation  on  the  rock  beaches  along  the  shore  (on  the  'reef,' 
u  it  is  called  on  the  island),  wherever  the  combined  action  of  the  wind 
ud  currents  favours  it.  I  believe  it  is  shown  beyond  doubt  that  the 
deposits  of  the  Chainplain  period  had  not  invaded  a  certain  number  of 
the  bays,  these  being  filled  in  later  by  ^e  debris  derived  from  the 
lUfierent  beds  and  moved  about  by  the  action  of  the  waves. 

Btlis  bay  is  distinctly  being  filled  up.  I^ke  St.  Qeorge,  situated  EUis  bay 
OD  the  north-east,  has  just  been  connected  with  it  by  an  artificial  '^"t^ 
waterway.  These  two  were  formerly  connected  underground,  the 
like  forming  originally  a  sort  of  lateral  extension  of  the  bay,  the 
nplifting  of  the  surface  which  took  place  later  separating  them.  At 
the  bottom  of  the  bay,  neax  the  dwelling  place  of  the  famous  smuggler 
Ouoache,  there  was,  within  the  memory  of  man,  a  sm^ll  harbour 
where  large  row-boats  could  take  shelter.  This  no  longer  exists,  the 
bsrbonr  being  ahnost  completely  dried  up. 

The  keeper  of  the  weecern  lighthouse  (Mr.  Malouin)  states  that  the  Rock  beaches 
rock  beaches,  which  are  uncovered  for  more  than  a  mile  at  low  tide, 
■{ipear  to  extend  further  out  from  the  shore  every  year,  as  if,  aa  he 
expresses  it,  the  water  of  the  St.  Lawrence  was  slowly  receding  year 
after  year. 

I  have  seen  almost  everywhere,  from  Bay  Ste.  Clair  to  Otter  river, 
than  deposits  at  levels  much  above  those  now  reached  by  the  highest 
13 
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tides.  At  Gr&in  point  th«M  deponta  extend  over  an  areft  of  several 
acne.  Their  Burfacea  are  covered  by  long  wave  marki  which  are  all 
parallel  to  the  shore  line.  Similar  marks  are  found  at  several  places 
on  the  island  at  short  distances  from  Ihe  shore,  and  hunt«n  who  have 
lost  their  way  in  the  bash  refer  to  them  to  get  their  bearings,  experi- 
enoe  having  showr  that  by  walking  at  righc  angles  to  these  marks 
they  will  eventually  reach  the  shore.  All  these  facts  tend  to  show 
that  at  least  the  north-west  part  of  the  island  is  even  now  undergoing 
a  movement  of  uplifting,  and  this  at  a  comparatively  rapid  rate. 
This  elevation  goes  on  to  sach  an  extent  that  in  my  opinion  it  will 
have  to  be  taken  into  account  when  it  becomes  necessary  to  determine 
the  harbours  and  sheltering  places  on  the  coast. 

IsUnd  covered  It  may  be  stated  that  the  whole  of  the  island  is  covered  with 
peat,  which  is  always  very  coarse  on  the  surface.  This  peat  is 
composed  of  a  mass  of  vegetable  debris  barely  decomposed,  in  whioh 
the  organic  structure  remains  qaite  visible.  At  Ellis  bay,  however,  a 
bed  ot  black  peat  ooonrs  much  older  than  the  surface  deposits.  It  is 
found  under  a  layer  of  clay  and  gravel  over  tea  feet  in  thickness. 

Trees  of  fkir  The  peat  of  Anticoeti,  when  mixed  with  a  small  proportion  of  clay 
or  of  marl,  oonstitntee  a  wonderfully  fertile  soil,  in  whioh  v^etables 
and  cereals  can  be  grown  to  perfection.  The  trees  also  attain  good 
dimensions  bac  in  places  where  t^e  peat  lies  immediately  over  the 
gravel  or  on  bed-rock,  it  constitutes  too  thin  a  soil  and  the  trees  do  not, 
in  such  places,  attain  their  full  development,  but  remain  dense  and 
small.  Still  wherever  a  layer  of  peat,  a  couple  of  feet  in  thickness, 
rests  directly  on  a  marly  or  clayey  subsoil,  the  trees  are  found  of  normal 
size. 

Peat-bogs,  proper,  abound  on  the  island.  It  may  be  said  that  they 
occupy  the  whole  surface  from  East  point  as  far  as  Salt  lake.  It  has 
not  been  possible  for  me,  owing  to  the  short  time  available,  to  deter- 
mine the  exact  extent  or  value  It  can,  however,  be  asserted'tbat  the 
a^regate  of  these  areas  is  enormous  and  the  deposits  may  be  said  to 
be  inexhaustible. 

Stiiall  Ukes  Lakes  are  numerous  on  the  island  but  none  are  of  any  great  siz& 

All,  or  nearly  all,  have  the  bottom  covered  by  a  thick  layer  of  white 
calcareous  marl,  containing  great  quantities  of  fresh-water  shells.  But 
the  chemical  action  of  the  aquatic  plants  is  one  of  the  principal  agen- 
cies in  its  formation,  and  the  material  is  evidently  derived  originally 
from  the  calcareous  beds  of  which  the  island  is  composed.  This  is  dis- 
tinctly shown  by  the  studies  and  experiments  of  Dr.  Schmidt,  physician 
at  Bay  Ste.  Claire,  the  results  of  whioh  were  published  in  'Le  Natu- 
raliste  Canadien '  of  December,  1900. 
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This  mnrl  may  be  seea  in  pUoes  all  along  tbe  sboras.  It  is  vary  eaaily  H>ri. 
reoognized  at  a  distance  owing  to  its  olear  white  ooloar,  which  oontrasts 
strongly  with  the  dark  tinta  of  the  onderljing  bads  of  limestone  and 
of  the  OTerljing  peat  Wherever  it  is  present  wild  plants  and  llownra 
grow  exceedingly  well  and  attain  much  larger  dimensions.  This  feature 
ii  spedally  notioesble  between  Orsin  point  and  Dnck  river. 

From  what  has  just  been  said,  it  may  be  gathered  that  the  soil  of  Soil  vuikble. 
Antioosti  is  very  variable  from  the  farming  standpoint.  The  peat  or 
hnmiis  which  almost  everywhere  (wnstitutes  the  sarfaoe,  forms  a  very 
fertile  soil,  the  quality  of  which  should  not  decrease  or  become  exhausted 
when  it  overlies  a  clayey  subaoiL  But  wherever  it  rests  upon  solid  rock 
or  gravel  deposits,  it  may  be  expected  that  farming  will  become  more 
and  more  difficult,  nnlees  great  quantities  of  fertilizers  are  used. 

Sconomie  Minerala. — Besidn  the  coarse  limestone  which  can  be  used  Eoonomio 
almost  eveiywhere  for  the  production  of  lime,  largo  quantities  of  a  ^  *" 
pink  crystalline  limestone  are  found  between  the  South-west  point  and 
Psvilion  which  probably  would  take  a  fine  polish  and  could  be  used  as 
an  omameatal  stone.  This  limestone  abounds  in  orinoid  stems  which 
are  completely  mineralized  of  a  reddish  tint,  darker  than  the  background, 
and  would  present  a  very  pleasing  appearance  when  polished.  Of  course 
the  economic  value  of  these  deposits  cannot  be  definitely  ascertained 
without  some  preliminary  work,  with  the  view  ttf  testing  the  lower 
beds  to  see  whether  the  quality  of  the  stone  improves  in  depth. 

Other  crystalline  limestones  are  found  to  occur  in  the  vicinity  of  CrTBtalline 
South-west  point ;  these  are  bluish-grey  in  colour  and  would  make  very  "°*""°* 
good  building  stone.     Moreover,  I  was  told  that  beds  of  sandstone 
occurred  on  the  south-east  shore  of  the  island,  which  could  be  used  for 
the  same  purpose. 

On  the  G&liote,  at  about  one  mile  from  the  river  shore,  my  assistant  Deposita  <A 
found  large  deposits  of  pyrite,     Pyrite  is  also  found  in  thin  sheets  in  ''^ 
tbe  limestone  beds  which  extend  along  the  shore  at  the  '  Jumpera,' 
■bout  four  miles  below  the  South-west  point  lighthouse. 

No  tjwse  of  limonite  or  galena  was  found.  The  rocks  of  the  island 
do  not  contain  enough  iron  to  warrant  the  hope  of  ever  finding  deposits 
of  limonite. 

ForaU  and  Tvmbar. — As  a  rule  the  trees  on  the  island  of  Antiooeti  liraber. 
do  not  attain  as  largo  a  size  as  they  do  in  the  more  southerly  and 
westerly  part«  of  the  provinoe  of  Quebec.  Along  the  shores,  owing  to 
the  influence  of  the  violent  winds  which  blow  towards  the  interior, 
the  trees  are  almost  everywhere  stunted,  with  the  branches  bent  and 
13i 
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entangled,  and  bo  thick  that  it  is  often  very  difficult  to  make  any 
headway  tbrongh  tbem.  In  the  interior  of  die  island  the  trees  are 
aot  BO  close  together  and  ore  better  developed  Certain  areas  may  be 
considered  as  timber  Jands,  though  it  is  doabtfnl  if  large  qoantities  of 
timber  can  be  obtained.  But  wood  which  can  be  used  for  the  manu- 
facture of  pulp  is  present  in  great  quantities. 

The  following  species  have  been  recognized  :  Abies  baUamea,  Settda 
papi/raeea,  Larix  Americana,  Alntu  rubra,  Viburnum  opulus,  Abieg 
alba,  Abias  nigra,  PopuZua  Crvmuloidet,  Sorbve  Artiericana,  Thuya 
oceidentalit,  Corylui  rottrata  and  several  species  of  willows.  Explorers 
who  went  into  the  interior  of  the  island  during  the  autumn  season 
state  that  the  trees  found  there  are  of  much  larger  size.  Besides  the 
above  kinds,  they  report  the  presence  of  Pinua  strobua  and  Fraxinu» 
Americana 

Id  1884  or  1885  a  bush  fire  swept  over  a  part  of  the  north  shore  of 
tlie  island.  The  trees  which  were  then  destroyed  have  been  replaced 
by  poplar  and  birch. 

As  to  herbaceous  plants,  I  hope  to  be  able  to  send  you  a  list  of  these 
later  on.  Dr.  Schmidt,  already  mentioned,  who  devotes  a  great  deal 
of  atteaticm  to  botany,  has  begun  a  herbarium  composed  ezolusively  of 
the  plants  of  the  island.  His  collection  already  numbers  several 
hundred  specimens,  and  be  has  very  kindly  promised  me  a  list  of  the 
plants  obtained,  which  list  I  shall  forward  to  yon. 

There  are  very  few  species  of  land  mammals  on  the  island.  The 
following  are  the  only  ones  met  with  :  black  bear,  red,  black  and  silver 
fox,  otter,  marteo  and  a  very  small  rodent.  Mr.  Menier,  the  owner  of 
the  island,  has  gone  to  a  great  deal  of  expense  in  imparting  anil  plac- 
ing on  Antioosti,  moose,  cariboo,  Virginia  deer,  beaver  and  even 
bufialo,  in  the  hope  of  acclimatizing  them  and  enriching  the  island 
with  game.  But  the  experiment  is  as  yet  of  too  recent  date  to  be  able 
to  judge  of  the  ultimate  results. 

I  cannot  conclude  this  brief  report  without  acknowledging  the  kind- 
ness with  which  I  was  greeted  by  the  proprietor  of  the  island  and  his 
head  employees.  They  were  ever  willing  to  give  their  help  with  the 
utmost  readiness.  Mr.  Commettant,  governor  of  the  island  for  Mr. 
Menier,  Abb^  Trembiay  and  Dr.  Schmidt  in  particular  were  a  great 
help  to  me.  Dr.  Schmidt  kindly  added  to  my  collection  cf  fossils 
several  species  which  I  had  been  unable  to  obtain  and  which  he  had 
found  in  the  coume  of  bis  excursions.  I  am  glad  to  have  an  oppor- 
tunity to  publicly  offer  them  my  most  ainoere  thanka 
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New  Brunbwick. 
Profeewr  L.  W.  Bailey. 

I  h>Te  the  honour  to  snbmit  the  following  Summary  Report  of  geo-  T^^^J'^u. 
logical  ezplorfttione  made  by  me  daring  the  pattt  summer  in  the  Province  Bailey, 
of  New  Bruoawicfe. 

In  a  similar  rapmrt  submitted  the  previous  year,  it  was  aanonoced 
that  in  connection  with  the  study  of  certain  Silurian  rocks,  reported 
by  Mr.  W.  J.  Wilaoa,  of  the  Survey  Staff,  in  the  Parish  of  Canterbnry, 
York  county,  where  previously  only  Cambro-Silnrian  strata  were  aop- 
poeed  to  ozist,  fossiliferouB  strata  containing  graptolites  of  Upper  Cam. 
briao  age  had  been  found  by  the  writer  in  the  valley  of  Eel  Kiver,  near 
Bealoii,  Carleton  county.  One  of  the  objects  of  insvetigation  in  the 
Beaaon  just  oLoeed,  was,  by  your  direction,  the  separation  of  the  Cun- 
brisn  and  Silurian  rocks  in  the  district  referred  to,  and  the  determina- 
IJOD  of  the  limita  of  each. 

For  the  purpose  named,  I  made  a  very  careful  review  of  the  section  8«etion 
afforded  by  the  St.  John  river  between  Woodstock  and  the  great  cent- 
ral granite  range  of  York  county,  as  well  as  of  the  country  lying  to  the 
matward  of  this  stream  as  far  as  the  International  boundary.  In  the 
prosecution  of  this  work  I  was,  for  a  few  days,  aooompaoied  by  Dr.  O. 
9.  Mat&ew,  of  St.  John,  and  to  his  intimate  knowledge  of  the  Cam- 
brUn  system,  in  all  its  various  aspects,  as  well  as  its  contained 
orgaDisms,  I  am  indebted  for  very  valuable  assistance,  as  I  am  also  for 
^e  braiefit  of  his  great  skill  in  the  solving  of  different  stratigraphical 
problems. 

The  following  letter,  addressed  to  me  by  Dr.  Matthew,  well  expresses  Lntter  from 
the  nature  of  the  problems  referred  to,  aa  well  oe  some  of  the  directions        !a»xxMv. 
in  which  their  solution  was  sought. 


St.  John,  N.B.,  October  8,  1901. 

'  Prof.  L  W.  Bailey. 

Dbas  Sib,— Having  visited  with  you  some  of  the  more  important 
Kctions  of  the  Cambrian  and  Silurian  rocks  in  York  county,  I  would 
ofier  the  following  suggestions  bearing  on  the  possible  structure  and 
age  of  the  early  Falnozoic  sediments  in  that  part  of  the  province. 
Tbeae  remarks  are  made  chiefly  in  paralleling  the  strata  of  the  district 
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kbov«  referred  to  with  the  known  Silari&n  and  CunbriAn  roclca  of  the 
sonthern  ooontieB  of  New  Brunswick, 

SyncIiD^  '  The  Border  of  Carieton  and   Tori  Cottuti«t. — It  appears  to  me 

Dortham  that  the  Btmctnre  of  the  strata  in  this  diatrict  is  related  to  two  ajn- 

ud^  CuO^m    ^'^'"^  folds,  the  axes  of  which  diverge  at  a  considerable  angle  from  Monn- 

County.  ment  Settlement  on  the  weetem  border  of  the  province.     One  of  these 

runs  about  N.N.K,  mostly  west  of  the  provincial  boondary  line  in 

the  State  of  Maine,  but  croesee  into  New  Srunawick  northwest  of 

Woodstock.     The    other  proceeds    east  from  Monument  Settlement 

crossing  the  St.  John  at  or  near  the  mouth  of  Eel  River. 

Cambrian  '  Cambrian '  North  of  the  axis  of  the  syncline  last  named  the  strata 

aDutharn  appear  to  be  Cambrian.  At  Benton  and  extending  aast  and  west  from 
CuletoQ  Oo.  ti^t,  yitiitge,  there  is  a  belt  of  black  and  dark  gnj  slates  which  would 
correspond  to  the  Bretonian  division  of  the  St.  John  group  in  the 
nature  of  its  sedimenU.  In  this  belt,  at  Benton,  you  have  discovered  • 
Dielyi/netna  which  I  cannot  distingniab  from  D.  flahtHiforme,  Eich- 
wald,  a  well-known  fossil  of  the  Upper  Oambrian.  There  are  here  also 
obscure  remains  of  trilobites,  of  which  one  appeared  to  be  the  pygidium 
of  an  Agnattat,  aud  another  a  pleura  with  a  shape  and  groove  tike 
that  of  tairoboiina,  and  its  allies. 

'  North  of  these  dark  shales  and  extending  as  far  north  aa  Wood- 
stock, is  a  large  body  of  gray  slates  and  quartntes  that,  in  texture  and 
appearance  of  the  beds,  may  be  compared  with  the  Johannian  division 
of  the  St.  John  group.  Like  that  division  of  the  Cambrian  of  the 
southern  counties  also,  it  contains  burrows  of  MonocraUrwn.  Other 
pits  observed  on  the  surface  of  the  layers  were  those  of  Arenicolile». 
Such  burrows,  however,  might  be  fouud  in  strata  of  later  date  than 
the  Cambrian. 

Orddvioian  '  That  this  belt  of  roch  is  Cambrian  seems  to  be  shown  also  by  the 

occurrence  of  Lower  Ordovician  fossils  in  it  on  the  Beccaguimic  river, 
north-east  of  Woodstock.  These  fossils  aie  in  the  highest  beds  just 
where  they  pass  beneath  the  [Jpper  Silurian  slates.  The  fossils  of 
this  band,  therefore,  have  a  relation  to  the  qoartsites  beneath,  similar 
to  that  held  by  the  Arenig  fauna  in  the  St.  John  basin,  relative  to  the 
underlying  Cambrian  portion  of  the  9t.  John  group. 

'  In  both  areas  the  Ordivician  fauna  occupies  only  a  narrow  belt  at 
the  summit  of  the  terrane,  the  great  bulk  of  which  is  Cambrian.  It 
would  be  impossible  to  show  on  a  map  of  even  moderate  scale  the 
Ordovician  portion  of  the  terrane  in  either  of  these  areas  ;  and,  there- 
fore, it  seems  to  the  writer  desirable  that  the  Ordovician  coloration 
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ihoold  be  ratnoved  from  this  portion  of  the  geological  nutp  Mid 
Cuibriaii  substituted. 

'Two   types   of  empiivea  appear  in  this  region;  one  oonsisting  of  I^pa*« 
agglomerates  and  agh-rocks  along  tlie  iiyncline  that  runs  east  and  west  goiitheni 
in  the  vaUey  of  Eel  river,  and  which  also  show  in   Monoment  Settle-  ^^^"^  ^■ 
ment,  near  Dinnen's  MitL     The  other  tjpe  is  associated  with  granitoid 
grite  and  gray  levigated  ash-rocks.   Bocka  of  this  character  were  noted 
M  s  number  of  points  between  the  qoartate  slate  seriee  and  the  block 
slstes,  but  included  in  the  former.     Theee  rocks  are  seen  on  the  St. 
John  river  at  Woodstock,  and  at  Oak  Mountain  and  Dinnen's  Mill  in 
Moanment  Settlement ;  as   well  as  further  south  and  east  in  Canter- 

'  These  granitoid  grits  are  found  on  both  sides  of  a  lenticalar  area  in  Gtuiluid 
vhich  Silurian  fossils  have  been  found  between  Benton  and  Canter- 
bury, and  they  are  succeeded  to  the  south  by  quartrites  which  appear 
to  be  en  the  reverse  side  of  a  boain  of  which  the  Woodstock  Cambrian 
qnsTttites  form  the  north  side.  Next  theae  to  the  south  are  the 
grsnitee  which  traverse  the  central  part  of  York  county. 

Silurian. — The  discovery  of  Silurian  fossils  in  the  basin  above  re-  Silurun 
forred  to,  by  yourself  and  Mr.  W.  J.  Wilson  of  the  Survey  sta^  show  '' 

that  all  the  strata  in  this  district  cannot  be  Cambrian. 

'  Within  the  area  enclosed  or  bordered  by  granitoid  grits  there  are 
Biate  conglomerates  which  lie  outside  of  the  localities  where  the  Silur- 
ian fossils  are  found.  These  may  form  the  limiting  beds  of  a  basin  of 
Silurian  rocks  bordered  by  the  granitoid  grits,  slates  and  qnartzicea  of 
the  Cambrian.  This  view  impliea  that  the  black  slates  (Bretonian)  of 
the  Cumbrian  have  been  removed  by  denudation  on  the  south  side  of 
the  Cambrian  basin  and  are  there  covered  by  the  Silurian. 

'  The  fossils  found  in  this  basin  are  brachiopods  of  Silurian  type  and  Fowili. 
some  obscure   corals.     The   course  of  this  basin  of  Silurian  rocks  is 
nearly  parallel  to  that  of  the  Cambrian,  and  its  axis  lies  to  the   south 
of  the  axis  of  the  Cambrian  basin. 

'Intmsive  Syenite. — A  band  of  intrusive  syenite  which  runs  nearly  Syoiite. 
parallel  to  the  western  synoline  of  the  Cambrian  rocks  has  affiscted 
their  condition  in  Benton  and  its  vicinity,  throwing  them  info  close 
folds  parallel  to  the  direction  of  the  syenitic  ridge,  and  causing  a  very 
marked  squeezing  together  of  the  block  slates,  so  that  the  hydrosomee 
of  the  DictyonemoB  are  shortened  in  one  direction  and  lengthened  in 
the  other.  The  rods  of  the  hydroeomea  that  lie  transverse  to  the  line 
of  pressure  are  nearly  twice  as  for  apart  as  those  that  are  parallel  to 
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it,  Had  the  colonies  of  these  animaU  might  be  thought  to  conaiat  of 
two  apeciee,  if  it  were  not  observed  that  the  width  of  the  ban  is  always 
governed  hj  the  direction  in  which  the  ochon;  lies  on  the  slab  of  slate. 

U|iper  '  Th«  Eatt  Central  Part  nf  York  County. — Another  belt  of  slates  and 

gmptolitai  qu&rtziteB  which  croesea  York  county  and  which  has  heretofore  been 
thought  to  be  of  Cambrian  or  Ordovician  age  has  yielded  jou  graphites 
which  it  appears  to  me  must  belong  to  the  genus  Mowtgraptua.  This 
discovery  of  Silurian  graptolitee  within  a  few  mites  of  Fredericton  has 
received  further  support  from  the  finding  of  two  species  of  Monograptus 
in  shales  several  miles  further  to  the  north-weet,  This,  coupled  with 
the  discovery  many  years  ago  of  Silurian  fossils  on  the  N^oshwoak, 
might  be  supposed  to  indicate  that  the  whole  of  this  belt  of  sl»tee 
may  be  referred  to  the  Silurian,  as  the  strata  are  very  uniform  over 
large  areas. 

Silurian  ruclu.  '  General  Comparisoni. — One  should  bear  in  mind  that  there  are  two 
important  divisions  in  the  Silurian  terrtuie  of  southern  New  Bruns- 
wick. The  older  of  these  is  to  be  correlated  with  the  Clinton  and 
Medina  groups  of  the  New  York  system.  In  moat  places  it  conaists 
of  black  and  dark  grey  slates  and  grey  quartzites  and  flags.  Theae 
are  the  'dark  argillites'  of  the  Survey  Report  of  1675-76.  To  thib 
division  belong  the  slates  and  quartzites  with  graptolites  described 
above. 

Silurian  of  '  The  distribution  of  these  slaMs  in  York  county  appears  to  indicate 

Kocky  .Krook.  ^■^^  jj^^  overlying  division  may  rest  unconfarmably  upon  it,  else  we 
should  find  the  upper  division  infolded  with  it.  This  may  be  the 
oaM  at  Rocky  brook,  on  the  Nosbwaak,  where  fossils  of  the  summit  of 
the  Silariao  have  been  found.  With  the  exception  of  this  area  on 
Rocky  brook,  the  upper  division  of  the  Silurian  has  not  been  recog- 
nized in  tbia  area  in  the  centre  of  York  county. 

pfttenrgiUites.  '  The  pale  argillites  of  the  Survey  Report  of  IS76,  Ac,  form  the 
upper  part  of  the  Silurian  system  in  this  region.  They  are  found 
north  and  west  of  Woodstock,  in  Carleton  county,  and  on  the  other 
hand  are  to  be  seen  in  a  belt  along  the  south  side  of  the  central 
Carboniferous  area  of  Central  Hew  Brunswick.  This  division  would 
include  strata  of  Niagara  and  Upper  Helderberg  age.  It  is  more 
calcareous  than  the  Lower  Devonian,  and  fossils  are  found  in  it  in  a 
number  of  localities,  and  then  of  such  a  kind  that  the  Silurian  age  of 
the  rock  bas  usually  been  easily  recognized. 

'  Compared  with  the  Silurian  series  of  Faasamaquoddy  bay  at  the 
Mascarane  shore  (see  Report  of  1874-75),  the  pale  argillites  would 
correlate  with  divisions  3,  4  and  5.    Of  these,  division  3,  according  to 
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Dr.  Ami,  contains  a  ^Niagara  fauna.  The  dark  argillites  would  com- 
pare wiUi  divisions  1  and  2,  and  U>  this  portion  of  tbe  system,  aa 
above  remarked,  the  graptolite  beds  of  York  county  should  belong. 

'  Id  conclusion,  let  me  say  that  any  light  I  may  have  been  able  to 
ihroT  on  the  age  of  these  rocks  is  dun  to  your  excellent  judgment  in 
taking  me  to  such  localities  as  would  yield  important  data  for  corre- 

'  I  am,  yours  sincerely, 

'G.  F.  Matthew,' 

llie  abore  conclusions  of  Dr.  Matthew,  so  far  as  they  relate  to  the  Pcevioue 
rocks  of  northern  York  and  of  Carleton  county  are  in  the  main  oonfinned. 
similar  to  those  already  reached  by  myself,  and  in  part  stated  in 
previous  reports.  While,  however,  the  general  structure,  within  the 
n^on  examined,  may  be  regarded  as  f^rly  well  ascertained,  the 
details  of  distribution,  owing  partly  to  the  disturbed  and  altered 
cundition  of  the  rocka  and  partly  to  their  concealment  by  forest  and 
drift,  present  many  difficulties.  It  is  proposed  that  these  shall  be 
made  the  subject  of  a  special  report  now  in  course  of  preparation. 

The  discovery  of  Silarian  fossils  (Monograptus)  in  the  quartzite-  Siluriin 
alute  band  south  of  the  granite  was  made  by  me  during  the  past  Qe^r 
summer  on  Murray's  brook,  seven  miles  west  of  Fredericton,  Subee-  fredencton. 
qnently,  in  my  company,  Dr.  Matthew  found  similar  forms  on  the 
right  bank  of  the  St.  John  river,  in  Central  Kingsclear,  five  or  six 
miles  distant  from  the  locality  first  named.  From  the  uniformity  of 
the  beds  between  these  points  and  over  all  the  area  to  the  westward 
u  hr  as  the  international  boundary,  we  believe  that  all  are  of  one 
ByaEem,  and  that  the  tract,  coloured  on  existinft  maps  as  Cambro- 
Silurian,  must  be  assigned  to  the  Silurian  system.  Tbe  same  will  be 
true  of  much  of  the  region  east  of  the  St,  John  river  in  the  southern 
portion  of  the  parishes  of  Queensbury  and  Bright ;  but,  inasmuch  as 
along  tbe  valley  of  the  Keswick  river  they  pass  beneath  the  rocks  of 
the  Coal  formation,  of  which  the  border  here  bends  far  to  the  north, 
wc  are  anable  as  yet  to  connect  them  directly  with  the  rocks  of  the 
Nashwaak  valley.  With  the  exception  of  the  fossiliferous  strata 
found  on  Rocky  brook  and  referred  to  above,  the  rocks  of  this  valley,  as 
teen  at  Stanley,  as  well  as  those  of  Tay  creek,  McLean's  brook,  Ryan's 
brook,  the  Taxes  and  the  S.  W.  Miramichi,  are  mjre  highly  altered 
sod  may  be  of  greater  age. 

Another  work  assigned  to  me  for  the  past  sutomer  was  the  revision,  y^™'^"'!*^ 
in  connection  with  Tklr.  H.  8.  Poole,  of  the  Carboniferous  rooks  of  New  Poole. 
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Brtmswick,  &  subject  in  which  public  interast  hu  reoenU^  been 
ftwakened,  partly  u  the  resnlt  of  private  enterprise,  bat  mainly  on 
Mooant  of  the  efforts  of  the  New  Branawick  government  to  promote 
the  development  of  the  coal  fields  at  Grand  lake,  Qoeen'a  oonntj. 

Ck)asiderinft  the  nearly  horizontal  attitude  of  the  coal  rooks  in  the 
great  central  Carbomferous  basin,  and  the  fact  that  the  observations 
of  many  years  had  failed  to  reveal  the  exiatenoe  of  other  than  small 
seams  near  the  surface,  the  all-important  qaeation  appeared  to  be  the 
determinatioa  of  what  part  of  the  entire  Carboniferous  system  these 
■urfaoe  rooks  represent ;  that  is  to  say,  whether  they  are  the  equivalents 
uf  the  Mill-stone  Grit  formation,  as  contended  by  some  geologists,  or  of 
this  formation  with  a  portion  of  the  middle  or  productive  measures,  as 
thonght  by  others,  or  finally,  whether  they  appertain  to  the  Newer  or 
Fermo- Carboniferous  period.  While  the  first  view  would  seem  to  pre- 
olude  the  possibUity  or  at  least  probability  of  any  considerable  seams 
being  found,  the  second  aod  last  would  favour,  though  by  no  means 
establish,  such  conclusion. 

Comntriion  ,  In  attempting  to  arrive  at  any  definite  opinion  upon  this  subject,  it 
feroiu  rocki  of  >■>  evident  that  a  comparison  of  the  Carboniferous  rocks  of  New  firans- 
wilulwa**''  ^"^  '''■''  thoee  of  Nova  Scotia,  where  this  system  is  so  well  represented 
and  has  been  so  thoroughly  exploited,  should  be  of  the  greatest  possible 
value.  With  this  object  in  view,  a  joint  survey  of  the  field  was  underta- 
ken by  Mr.  Poole  and  myself,  at  the  request  of  the  Director,  my  knowledge 
of  localities  in  New  Bruuswiok  enabling  me  to  point  out,  without  loss 
of  time,  such  places  as  would  be  likely  to  afibrd  valuable  information, 
while  Mr.  Poole's  long  and  intimate  acquaintance  with  the  coal  dis- 
tricts of  the  sister  province,  made  it  possible  for  him  to  institute  the 
desired  oomparisons.  All  parts  of  the  coal  field  were  visited  by  us 
together,  but,  as  constituting  the  connecting  link  between  the  Carbon- 
iferous areas  of  the  province,  special  attention  was  paid  to  the  districts 
about  MonotoD,  Sackville,  Dorchester  and  the  Albert  oounty  oooat. 
Proposed  The  general  results  of  the  comparisons  referred  to  are  embodied  in  the 
re^to  on  the  gnn,n,(iry  Report  of  Mr.  Foole,  accompanying  this ;  while  a  more 
elaborate  and  joint  report,  reviewing  the  whole  subject  of  the  Carbon- 
if»ons  system  in  New  Brunswick,  will  be  submitted  as  soon  as  it  is 
prepared.  In  the  latter,  all  the  facts  bearing  on  the  occurrence  of  coal 
in  the  province,  as  derived  from  the  topography  of  the  district,  evidences 
of  erosion,  surface  exposures,  stratigraphy,  mining  operations  and  bore- 
holes, will  be  considered  at  length,  and  recommendations  will  be  offered 
OS  lo  future  practical  work. 


ib.Googie 


"•] 


XOOMOMIO  KINBBALB. 


Coal, — The  railroad  oonnecting  the  ooal  mines  at  Qraad  Lake  with  Opentnoiu  in 
FraderictoD  is  in  ooorse  of  ooostruction,  sad  when  completed  next  L^ka  ookl 
■ommer,  is  expected  to  lead  to  a  much  more  vigorous  working  of  the  ^^'°' 
minea  than  hu  heretofore  been  attempt«d.  The  railway  company  in 
tsked  by  the  govnrnment  of  New  Brunswick,  in  return  for  a  subsidy, 
to  supply  a  plant  cajoable  of  producing  600  tons  of  ooal  a  day,  or  ISO,  • 
OOO  tions  per  year.  It  remains,  bowerer,  to  be  seen,  whether,  under 
the  conditions  existing  at  Grand  lake,  such  a  produotion  oan  actn&lly 
be  maintained.  With  a  yield  of  3,000  tons  to  the  acre,  &00  tons  would 
involTe  the  removal  of  coal  from  one-fourth  of  an  aore  per  day,  or 
from  one  acre  every  four  days,  which,  with  an  average  soil-capping  of 
12  feet,  would  mean  a  large  amount  of  unprofitable  work  ;  while  in  the 
case  of  operations  wholly  beneath  the  surface,  the  necessity  of  the 
ranoval  of  sufficient  rock  to  allow  room  to  the  workmen  would  again 
be  a  serious  drawback.  It  cannot,  however,  bedoubted  that  the  out- 
put of  these  mines,  especially  with  the  present  high  price  of  ooa],might 
be  materially  increased. 

More  OF  less  work  has  been  done  in  the  Dnnsinane  coal  field  dnr-  ^°'^.  ^' 
ing  the  past  summer,  but  only  of  an  exploratory  character.  No  im-  ooal  mine, 
portant  developments  have  been  made. 

At  Coal  Branch,  ia  Kent  county,  a  shaft  has  been  sunk  in  the 
vicinity  of  the  coal  seams  previously  reported  there,  and  where  opera- 
tiooE  were  believed  to  indicate  the  existence  of  a  three-foot  seam  of 
ooal  at  a  depth  of  ii  feet,  llie  drill  used,  however,  being  a  chum- 
drill,  could  not  give  very  accurate  results,  and  those  obtained  by  shaft- 
ing have  not  yet  been  reported. 

Petroleum. — Petroleum  was  discovered  in  Westmoreland  county  petroleum, 
over  thii  ty  years  ago,  and  its  occurrence  there  may  prove  to  be  of 
importance.  For  t^e  following  statement  of  work  done  in  searching 
for  oil  in  this  county  I  am  indebted  to  IU>.  Harold  B.  Goodrich,  the 
geologist  in  charge  for  the  owners,  and  it  is  given  nnticely  on  his  autho- 
rity. According  to  Mr.  Goodrich  :  '  After  a  summer's  field  work  in  New 
Brunswick,  well  No,  1  was  located  at  Upper  Dover,  Westmoreland 
county  (on  S.  A.  Steeve's  farm)  in  September  1899.  It  was  driven  to 
a  depth  of  1,3^0  feet.     The  geologic  column  was  :- 


Middle  Carboniferotu  (landxtone,  fto.) 

Lower  Cu-boniferaoB  (congloiiier«le,  m&rl,  Ac.) 200 

Albert  shale  fonnatioD 720 

Probably  older  rocke 310 

1,840 


Feet.  B^'l-B  «"■  »■ 

„ft  Upper  Dover 
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'  The  two  upper  formationa  were  nesrly  flat,  bat,  as  usual,  the  under- 
lying Albert  ahaiee  were  found  to  be  intensely  folded  and  poasibly 
fanlted,  so  that  the  measure  of  their  actual  tbickneas  is  by  no  means 
correctly  given  in  the  column.  "We  struck  much  gas  at  various  horizons 
and  two  sands  that  were  well  fitted  to  contain  oil,  but  were  dry.     The 
bole  was  abandoned  in  May,  1900.     This  first  boring  was  a  test  to 
determine  the  condition  of  the  Albert  iihale-oil  beds  under  a  cover  of 
the  younger  rocks. 
Itoring  No.  3.       '  In  May,  1 900,  the  rig  waa  removed  to  St.  Joseph's  college  ftud  well 
Dollfse  Mem-    i^o.  2  was  put  down  to  a  depth  of  1,040  feet.     There  was  much  gas, 
'"™™'^  and  at  365-370  feet  ao  oil  sand  and  flow  of  oil  waa  struck.     Several 

accidents  made  it  impossible  to  take  advantage  of  this  oil  and  the  well 
was  sunk  further.  At  670  feet,  salt  water  was  found.  The  drilling 
was  entirely  in  the  Albert  shale  series,  which  for  th«  last  200  feet  was 
mainly  close-grained  sandstone  with  shale  bands. 

Boring  No.  3.  '  Na  3  was  begun  one  mile  north  of  the  college  on  February  27, 
1901.  The  drilling  was  through  hard  and  soft  layers  of  Albert  shale. 
A  poor  record  was  kept,  and  it  is  possible  that  a  slight  flow  of  oil  or 
gas  may  have  escaped  the  drillers  attention.  No  petroleum  is  shown 
by  tjie  record,  although  the  shales  were  highly  bituminous.  At  555 
feet  the  well  was  abandoned  owing  to  quicksands.  The  last  ten  feet 
was  in  red  eandy  marl  or  conglomerate. 

Boring  No.  4,  'Well  Na  i  was  oommenced  in  May,  1901,  at  a  point  400  feet  north 
oil  found.  ^(jj^j  2  at  the  college.  The  total  depth  waa  408  feet.  At  176  to  304 
feet  there  were  twenty-three  feet  of  oil-bearing  sandstone.  This  was 
not  recognized  at  the  time,  so  boring  was  continued.  I^ter  the  hole 
was  filled  up  to  this  depth ;  it  was  torpedoed  and  a  pumping  apparatus 
was  placed.  While  it  has  not  been  pumped  oontinaously  to  date, 
there  has  been  a  considerable  product  which  shows  no  sign  of  decreasing. 
The  oil  is  of  excellent  quality. 

Boring  No.  B.  '^'eU  No.  5  was  located,  on  Augusts,  1901,  200  feet  8.  W.  of  No. 
4.  The  geologic  section  is  practically  the  same  as  the  latt«r ;  bitumin- 
ous calcareous  shales,  with  small  bard  limestone  beds.  At  174-178 
feet  there  was  a  sandstone  with  considerable  gas.  At  247-276  feet  is 
an  oil-bearing  sand  (the  same  thickness  as  that  of  No.  4).  No  attempt 
was  made  to  pump  this  well,  but  instead  it  was  plugged  and  now  awaits 
further  development  in  the  field. 

Boring  No.  6.  '  The  last  week  in  August,  No.  6  was  located  100  yards  N.  by.  W.  of 
No.  4.  Up  to  dat«  we  have  reached  226  feet  and  are  still  sinking. 
In  that  distance  we  have  passed  through  three  separate  flows  of  gas. 
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Almost  the  entire  section  la  bituminoas  black  shale.     The  present  iodi- 
ntiODS  for  a  producer  are  excelleab. 

'In  well  Ho.  7,  which  vaa  located oa  September  11,  about  200 yards  Roring  Nu.  7, 
north  of  No.  4,  we  are  now  down  about  340  feet.  Tlie  oection  was  ""  *"'""'■ 
similBT  to  tb&t  of  Na  6.  At  about  190  feet  we  Btruck  gas,  which  was 
later  cased  off.  At  326  feet  there  was  a  flow  of  petroleum,  probably 
from  fissures  in  the  shale.  We  decided  to  bore  still  further,  hoping 
for  an  increase  in  the  quantity  of  oil,  However,  as  the  well  is  in 
eicellent  condition  we  can  at  any  time  use  the  present  supply.' 

The  above  wells  were  visited  by  the  writer  on  the  5th  of  July,  at  Yield  of  oil 
wbiob  time,  with  a  2J  inch  pump,  worked  by  steam,  the  yield  was  four 
barrels  for  a  period  of  six  boars,  or  at  a  rate  of  from  eight  to  ten 
bwrels  per  day.  The  oil  was  a  heavy,  dark-greeo  lubricating  oil,  well 
adapted  as  a  machinery  oil,  and  estimated  aa  having  a  value  of  about 
S7.5C  per  barrel  Its  specific  gravity  at  60°  Fahr.  is  0860,  while  that 
d  the  Amerioaa  crude  oil  vanes  from  0*79  to  0'88.  No  analysis  has 
yet  reached  me,  but  it  is  thought  by  those  in  charge  that  it  will 
probably  yield  at  least  30  per  cent  of  burning  oil,  15  per  cent  of 
lubricating  oil  and  10  per  cent  of  solid  paraffine. 

Copper. — While  in  Westmoreland  county ,  a  visit  was  made  to  the  Copper 
WOTks  of  the  Intercolonial  Copper  Company  near  Dorchester.  The  dJ,^^^ 
conditions  of  the  occurrence  of  ore  at  this  point  have  been  given  in 
earUer  reports.  The  ore  is  of  low  grade,  not  averaging  over  3J  per 
cent  of  copper,  but  is  widely  disseminated  through  the  mass  of  the 
rock,  from  which,  it  is  thought,  that  by  the  employment  of  new  and 
improved  processes  it  can  be  profitably  extracted.  For  this  purpose 
a  large  and  expensive  plant  has  been  introduced,  but  at  the  time  of 
ODr  visit  it  had  not  yet  been  brought  into  operation.  It  is  proposed 
to  cmsh  the  entire  rock,  consisting  of  grey  conglomerate  and  sand- 
stone^ more  or  lees  mixed  with  coaly  matt«r  and  containing  the  ore, 
mainly  chalcocite,  in  veins  and  scattered  nodules,  and,  after  roasting 
and  treatment  with  acids,  to  separate  the  copper  by  electrical  action. 
As  copper  oree  of  a  like  character  and  with  similar  associations  are 
known  to  occur  elsewhere  in  the  province,  as  on  the  Nepinquit  river, 
near  Bathurst,  the  results  of  the  operations  at  Dorchester  will  be 
awaited  with  interest. 

At  Chester,  in  Albert  county,  an  opening  was  being  made  in  a  very  Copper 
bard  ash-Uke  rock  ot  Huronian  age,  through  which  was  disseminated  chMMr,' 
■mall  strings  of  chalcocite,  associated  with  more  or  less  green  mala- 
chite.   It  adds  another  to  the  many  localities  in  this  great  pre-Cambrian 
belt  in  which  copper  ores  have  been  observed,  but  is  less  promising 
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th&a  thoM  of  Alm»  and  Point  Wolfe,  farther  west.  So  well  defined 
lode  wu  Bzpoeed. 

Nickel. — The  Qoreroment  drill  has  been  ia  operation  in  oonaection 
with  the  nickel  deposits  near  St  Stephen,  but  without  satiafactory 
results  as  yet.  The  extreme  hardness  of  the  roclc,  s  cryslalliue  diorito 
with  disseminated  pyrrbotite,  makes  progress  extremely  slow  and 
expensire,  while  no  important  increase  in  the  percentage  of  nickel  has 
yet  been  found  to  varraut  the  outlay. 

MdlyhdaniU  has  been  reported  from  the  vicinity  of  the  S.  W.  Mira- 
miohi,  and  good  specimens  have  been  shown  to  mo,  bat  I  have  been 
unable  as  yet  to  obtain  any  particulars  as  to  quantity. 


Thk  Coal  Fboblbh  ih  Nbw  Brdnbwicx. 


ThJT'  "" 


Proftttor  S.  S.  Pode,  Dalhotuie  CoUege,  Halifax. 

Rooks  of  the  Carhoniferaus  system  cover  a  very  large  area  in  New 
Brunswick,  although  but  little  workable  coal  has  yet  been  found  among 
them.  It  wa^  hoped  that  in  the  extensive  region  in  the  north-eastern 
part  of  the  province,  in  which  these  rocks  had  not  been  exhauatively 
explored,  better  coal  seams  than  any  yet  known  in  that  district^  or  near 
Grand  lake,  might  be  discovered  at  the  surface,  or  that  by  carefully 
working  out  the  geological  structure,  some  place  might  be  pointed  out 
where  bonngn  for  coal  might  be  made  with  a  good  prospect  of  success. 
Professor  H.  S.  Poole  of  Dalhousie  College,  Halifax,  was  requested  to 
undertake  this  work.  He  had  previously  made  a  study  of  the  coal 
measures  of  Nova  Scotia,  including  Cape  Breton,  while  Inspector  of 
Mines  for  that  province,  and  also  while  actively  engaged  in  the  prac- 
tical working  of  some  of  its  collieries, 
t  He  reports  as  follows  : — '  I  considered  the  problem  of  discovering 
coal  from  a  commercial  standpoint,  as  though  I  were  engaged  by  a 
corporation,  prepared  to  explore  and  follow  up  any  indications  that 
held  out  even  the  least  prospect  of  success  towards  the  establishing  of 
permanent  coal-miniDg  operations.  Two  months  were  spent  in  making 
a  general  reconnaissance  of  the  Carboniferous  system  in  New  Bruns- 
wick and  studying  the  relation  of  its  strata  to  the  rocks  underlying 
the  same  system  in  Nova  Scotia  and  to  their  assumed  equivalent  in 
that  province,  visiting  many  of  the  known  exposures  of  coat  seams, 
regardless  of  size,  and  keeping  in  mind  my  experience  elsewhere  of 
seams  variable  in  thickness  and  coal  measures  hidden  under  formations 
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d  later  deposition.  In  tiiie  inqoiry  I  allowed  myself  to  genentlize 
more  freely  than  would  be  justified  if  one  were  engaged  in  a  detailed 
mrrey  of  the  aetn&l  ezpoeuroB,  and  as  yet,  in  posseasion  only  tii  saper- 
Gcial  informatloo.     The  benefit  of  any  donbt  was  given  to  the  inquiry. 

For  oonvenienoe  of  deacription,  the  ar«a  occupied  by  tie  rocka  of  A"^  of,, 
1     n    1      ..  .      ..  .1    .  .  >.      .       1         1-  C»rbo«iisnjiiB 

the  Carbomferoos  may  be  divided  into  two  districts  by  a  line  running  rocks. 

through  the  older  rocka  of  Indian  moantain  some  six  miles  to  the 

norttiwsrd   of   Monoton,   (md    paraDeling   the   Intercolonial   railway 

between  St.  John  and  Monotoa.     Suoh  a  line  traverses  Lower  Oar. 

bomferooB  rocks,  except  between  the  mountain  and  the  Straits  of 

Northumberland,  where  newer  measures  overlap.     North  of  the  line 

the  Carboniferous  beds  lie  practically  fiat  and  unbroken.     To  the  south, 

tbey  are  more  inclined  and  disturbed,  appearing  on  the  oonfinee  of 

Nora  Sootia  as  oontiauations  of  members  of  the  Joggins  section. 

The  people  of  New  Brunswick  are  so  keenly  alive  to  the  value  of 

workable  seams  and  the  streams  of  the  province  have  been  so  thoroughly 

traversed  by  lumbermen,  that  it  may  be  accepted  that  no  seam  of 

workable  thickness  crops  to  the  surface  and  has  been  overlooked.     This 

being  assumed,  it  follows  that  success  from  further  search  can  b«  hoped 

for  only  where  experience  or  theory  may  suggest  examination  being 

made  under  the  superficial  deposits  or  by  boring  into  the  more  deeply 

seated  strata. 

Of  the  known  coal  seams,  nothing  specially  new  has  to  be  reported.  Reaeved 

They  have  been  described  in  late  reports  by  Dr.  Ells  and  Prof.  Bailey,  imown  coal 

There  has,  however,  been  renewed  interest  in  explorations  at  Dunsinane  b™™*- 

aud  Coal  Branch,  and  a  beginning  has  been  made  in  the  siuking  of  a 

■lope  at  the  former  and  a  vertical  shaft  at  the  latter  place. 

Throughout  the  northern  district,  nothing  was  noted  that  indicated 

a  po«ihle  presence  of  thick  coal  seams  either  near  the  surface  or  in 

depth — nothing  to  hold  out  hope  that  measures  rich  in  bituminous 

deposita  might  be  discovered  by  systematic  search.    The  only  discovery 

that  seemed  poesible  would  be  that  of  a  thickening  of  the  thin  seams 

ui  those  parts  of  the  country  that  are  as  yet  unexplored. 

Atludiantown,  coal  pebbles  with  water-worn  fragments  of  fine  shale  Coal  pebblra. 

■ppear  in  some  sandstone  beds  and  they  have  been  apparently  derived 

ftom  an  underlying  seam  not  at  present  known.     A  somewhat  similar 

occarrence  of  coal  pebbles  has  been  noted  to  the  east  of  Dunsinone. 

I^s  soathern  part  of  the  Carboniferous  district,  with  its  thick  sec- 

"""^  sod  its  unconformities,  possesses  possibilities  of  finding  workable 

'**!  on  closer  examination.     It  appears  that  certain  beds  on  the  New 
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Brnnswiok  side  of  the  Bay  of  Fund;  are  continuatioiii  of  some  of  those 
in  the  Joftgina  seotion  which  have  a  definite  relation  to  the  coal-bear^ 
ing  series  of  Cumberland  county,  and  they  entered  Ihrongh  Cape 
Maringooin,  Grindstone  Island  and  Mary's  Point  to  New  Horton, 
where  they  curve  rapidly  and  run  down  the  coast  at  an  increased 
angle  of  dip  to  Cape  Enrage.  With  them  would  curve  the  overlying 
Joggios  Beams,  outcropping  aoder  the  waters  of  Shepody  Bay. 

To  the  north-eastward,  the  structure  is  not  so  clear.  The  Millstone 
grit  series  folds  over,  dips  to  the  north-west  and  is  unconformably 
covered  by  Permo- Carboniferous  strata  where  the  dip  again  reverses. 
So  decided  an  unconformity  suggests  that  the  equivalents  of  the 
Jt^ins  coal  measures  may  possibly  be  repteated  in  that  direction  under 
newer  formations  extending  to  Northumberland  Strait  and  up  the 
coast. 

During  part  of  my  time  I  hod  the  benefit  of  Prof.  Bailey's  com- 
pany, experience  and  local  knowledge.  I  am  also  indebted  for  infor- 
mation and  aasiatauce  to  many  persona  interested  in  developing  the 
resoorcea  of  the  province,  chief  among  whom  are  lieuL-Govemor 
McLeUan,  Hon.  A.  T.  Dunn,  Mr.  F.  Block,  Mr.  P.  S.  Archibald,  Mr. 
J.  White,  Mr.  W.  Ogden,  Capt  Baoon  and  Mr.  H.  C.  Road. 


Frircb  Edwasd  Iblahd. 
Mr,  Lawrence  W.  Wateon. 

Wurk  by  Mr.  Acting  upon  the  instructions  contained  in  your  letter  of  the  1 7th 
WouodT'  '  Judb  last,  I  have,  since  receiving  the  same,  prosecuted  the  work  therein 
outlined  at  every  possible  opportunity.  The  conditions  under  which 
the  work  was  undertaken  naturally  differed  in  a  considerable  degree 
from  those  governing  the  members  of  your  permanent  staff  or  those 
persona  employed  for  a  time  upon  investigations  for  your  Department 
.  to  the  exclusion  of  all  other  work.  This  consideration,  and  the  fact 
that  much  data  for  an  exhaustive  report  upon  several  parts  of  the 
inquiry  committed  to  me  oould  not  be  procured  without  an  expendi- 
ture (needless  because  not  demanded  by  any  existing  urgency)  which 
might  be  avoided,  without  detriment  to  the  ultimate  result  desired, 
by  waiting  for  and  taking  advantage  of  favourable  opportunities  for 
visiting  distant  localities  without  much  attendant  expense,  make  it 
imperative  that  the  present  report  be  a  preliminary  one,  to  be  supple- 
mented later  by  one  in  fuller  detail. 
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In  QO  paFticnlu  of  the  investigattoDS  nndertaken  ia  the  neoMgity  Geologrioal 
of  these  cousiderRtiona  more  emphasized  than  in  the  endeavour  to  ^  '^  ^ 
wive  the  problema  of  onr  geological  fonnationa,  for  the  solution  of 
which,  much  patient  search  has  to  be  made  for  foeeile,  by  no  means 
abuDdant  in  our  strata.  I  have  visited  many  localities  and  spent 
moch  time  in  collecting  the  fossiU  whioh  have  been  forwarded  to  you. 
Much  work  moat  atill  be  done  before  the  question  of  the  exact  poei- 
tdona  of  oar  rocka  in  the  geological  acale  can  be  aatisfaotorily  aettled. 
The  geol<%7  of  St  Peter's  Island  has  not  been  studied  as  much  as  it 
deaerved  to  be,  owing  to  its  difficulty  of  access.  I  hope,  however,  to 
be  able  later,  to  report  upon  this  locality  which  ia  comparatively  rich 
in  Mgaoio  remains. 

Investigations  bo  far  made  do  not  warrant  any  change  in  tbe  opini(»i  Underlring 
that  coal  areas  may  underlie  the  Fost-Corboniferoas  rocks  of  certain  pogJu^ 
districta  at  a  depth  not  too  great  for  mining.  As  the  depth  of  the 
traperinoumbent  atrata  may  be  less  than  anticipated,  and  aa  the  coal 
measures  with  their  wealth  of  coal  may  be  nearer  the  aurface  than  is 
generally  supposed,  and  as  tbe  cost  of  boring  ia  less  than  formerly,  it 
Mema  desirable  that  in  view  of  possible  success,  such  operations  should 
be  undertaken  in  these  districts. 

No  minerals  of  any  importance  have  been  found.     I  oollect«d  some  Notnioonb 
Dodnles  of  copper  ore  on  Qovemor'B  island,  but  did  not  find  indications 
of  any  considerable  deposit.     I  have  not  been  able  to  find  any  evidence 
that  gold  occurs  in  this  province  to  any  greater  extent  than  the  reported 
discovery  of  '  colours '  in  the  sand  of  the  aea-ahore. 

Id  the  department  of  Surface  Geology  a  few  words  may  be  said  about 
recent  depioeits.  Peat  bogs,  of  small  individual  extent,  but  covering  peat  bogn. 
in  the  aggregate  a  considerable  area,  are  found  in  many  places,  the 
quality  of  the  deposits  and  their  depth  varying  greatly.  Some  of  them 
have  been  visit«d,  but  consideration  of  these  wilt  best  be  reserved 
until  a  comparative  statement  con  be  prepared  showing  their  extent 
and  the  results  of  analysis  of  the  peat.  Thia  subject  auggests  economic 
possibilities  of  too  great  importance  to  this  province  to  be  disposed  of 
without  fuller  investigation  than  the  time  allowed  for  this  inquiry  and 
report  permitted. 

,  Beds  of '  mussel  mud '  are  frequent  in  our  bays  and  inlets.  Formed 
of  accumulations  of  shells  of  oysters  and  mussel?,  decayed  animal  mat- 
ter and  alluvium,  they  constitute  a  valuable  fertilizer,  much  used  by 
our  farmers.  It  is  pleasing  to  record  a  late  regulation,  which  prohibits 
digging  the  mud  where  it  is  covered  by  beds  of  living  oysters.  I  shall 
take  advantage  of  the  approaching  season  of  digging  to  submit  samples 
of  this  product  to  you. 
U 
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In  view  of  the  tmct  that  our  coaat-line  is  very  generally  being  worn 
Away  at  a  comparative! t  alarming  rate,  the  formation  of  sand  dunes 
on  our  northern  and  eastern  coaata  iiB  interesting  and  important. 
While  these  are  of  comparatively  alow  formation,  the  whole  contour  of 
one  of  these  sand-hills  may  be  changed  in  one  storm,  and  entrance  into 
harbours  may  be  shifted  or  occluded.'  I  observe  that  the  sand  dunes 
upon  vhich  vegetation  grows,  change  least,  and  that  the  sand  is  aiTest«d 
by  any  such  object  ad  a  fallen  tree,  and  thereby  protected  from  dis- 
placement by  powerful  winds.  Most  beneficial  results  would,  therefore, 
follow  if  fences  of  spruce  and  similar  trees  were  placed  in  parallel  lines 
along  the  sand  tracts. 

I  have  devoted  much  time  to  the  study  of  the  flora  and  have  collected 
some  hundreds  of  plants.  As  soon  as  time  permits,  I  will,  if 
desired,  give  a  complete  list  of  all  the  species  of  our  flora  hitherto 
authentically  identified. 

Collections  of  mollusca,  algie,  reptilia,  batrachia  and  the  smaller 
mammals  have  been  made  and  forwarded  to  your  Department.  I 
visited  and  made  collections  from  Indian  shell  heaps,  finding  therein 
orounents  or  implements  of  stone  and  fragments  from  the  manufacture 
of  the  last  mentioned,  all  of  which  have  been  already  forwarded. 

The  foregoing  is  an  outline  of  the  work  done.  It  may  be  supple- 
mented later  by  a  report  in  more  detail  containing  lists  of  fossils  and 
of  our  fauna  and  flora,  together  with  further  notes  upon  the  various 
subjects  you  sugKest«d  for  study  and  investigation. 

Kings  ahd  Hants  Countibs,  Nova  Scotia. 
ifr.  Suffh  Fletcher. 

The  winter  of  1900-01  was  spent  by  Mr.  Fletcher  in  compiling  plans 
and  sections  from  surveys  mode  in  the  field  by  himself  and  his  assistants 
during  the  previous  summer,  as  detailed  in  the  Summary  Report  tor 
1900,  pages  162  to  166. 

He  left  Ottawa  on  June  18,  for  Sydney,  Cape  Breton,  to  examine 
borings  and  explorations  made  among  coal  seams  of  the  Millstone  Orit, 
near  Grand  lake  and  Cochran  lake.  The  Tracy  seam  near  the 
Moseley  pits  south  of  Cochran  lake,  was  proved  to  be  six  feet  thick, 
but  to  have  not  more  than  three  feet  and  a  half  of  coal  in  one  clean 
layer,  three  small  partinjis  breaking  up  the  rest  of  the  coal.  The  seam, 
where  opened,  some  miles  farther  west,  yielded  three  feet  and  a  half  of 
good  coal. 
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On  Grand  Lake  road  at  the  bridge  over  Soath-west  brook,  m  hole,  Extenaion  of 
innd  in  the  hope  of  catting  a  workable  exteusion  of  the  Mnllina  or  m^qi  boisd 
OftiToll  seam,  passed  throogb  750  feet  of  gray  aandstoae  viUi  only  a  few  ^'"• 
thin  layers  of  shftle  and  cool.     Sabsequeotly  a  hole  was  bored  to  this 
seam  at  the  outlet  of  Lynk  lake,  near  the  outcn^  mentioned  in  the 
Summary  Report  for  1895,  where  it  wm  found  to  be  only  three  feet 
thick.     In  no  case  was  mora  than  one  workable  seam  found. 

The  greater  part  of  the  season,  however,  was  spent  on  the  south  side  iVinoiinl  field 
<i  Minas  Basin,  in  the  counties  of  Kings  and  Hants,  ia  the  district  tioDB. 
lying  between  the  Avon  river  on  the  east  and  the  Salmon-tail  river, 
tiaspereau  lake,  and  Coldbrook  on  the  west,  bounded  on  the  north  by 
the  shore  from  Falmouth  to  Ira  Woodworth  bay,  and  extending  south 
iato  the  granite  country  at  the  hdEid  of  the  west  branch  of  Avon  river. 
Mr.  M.  H.  McLeod  was  ^ain  Mr.  Fletcher's  assistant,  and  be  bad  also 
with  him  Messrs.  A.  T.  McKinnoa  and  Wm.  L.  Lodge.  He  ia  greatly 
indebted  to  Professors  A.  E.  Coldwell  and  Ernest  Haycock,  of  Wolf- 
ville,  to  Professor  Kennedy  of  Windsor  and  maoy  others  for  assistance. 

Thoagh  this  district  is  more  noted  for  its  early  history,  the  pictur-  Diatrict 
esqne  beauty  of  its  shores,  waterfalls,  lakes  and  woods,  the  richness  of  mter«eting. 
itfi  meadows,  and  productiveness  of  ite  farms  and  orchards  than  for  its 
mines,  yet  rock-formations  of  great  interest  attract  touriste  and  students 
to  the  conutry  every  year,  to  study  its  geology,  and  carry  away  speci- 
ToeoM  of  the  amethyst,  agate,  jasper,  chalcedony,  zeolites,  magnetite, 
copper  and  other  curious  crTStals  and  aggregations  from  its  traps,  the 
beaatiful  selenite  and  fibrous  gypsum  from  its  Triaasic  marls,  and 
ripple-marks,  rain-prints,  fish-remains  and  other  fossils  from  its  more 
indnrated  sediments. 

Bemains  of  the  villages  of  the  Micmac  Indians,  their  landing-places,  ^i'*^. 
trails,  and  barying-groundB,are  still  traceable  at  Starrs  Point,  Canard,  inhkbittuitB. 
Osspereau  and  other  places.  Heaps  of  shells  and  bones  of  various 
animals  attest  the  former  abundance  of  game  and  fisb.  They  are  asso- 
ciated with  implements  and  arrow-beads  of  a  primitive  civilization, 
chipped  out  of  stone  obtained  from  Blomidon  or  fashioned  from  pieces  of 
native  copper  from  Cape  d'Or. 

The  ancestors  of  the  Acadiaus,  who  displaced  the  Miomacs,  to  be  dis.  TheAndUns. 
possessed  in  turn  by  the  British,  came  from  a  country  of  marshes  on  the 
vest  coast  of  France,  where  the  sea  was  kept  out  by  artificial  means. 
They  found  around  the  Bay  of  Fundy,  in  Nova  Scotia  and  New  Bnms- 
wick,  similar  marshes  underlaid  by  finely  pulverized,  friable  red  mud, 
brought  in  by  the  tides,  into  which  the  roots  push  themselves  for 
several  feet ;  and  turning  to  account  their  eldll  and  experience,  they 
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built  many  miles  of  dyke,  at  first  enclosing  small  areas  alongside  tbe 
upland;  next,  by  concerted,  skilful  effort,  building  across  the  riveis  from 
point  to  point,  with  a  sluice  or  aboiteau  in  tbe  channels  to  let  out  tbe 
Msnh  lands  fresh  water  and  keep  the  salt  water  from  flooding  the  marehes  and 
killing  the  vegetation.  By  this  means  they  reclaimed  and  brought 
under  culliratioa  thousands  of  acres  of  excellent  meadow-land,  which 
has  retained  its  extraordinary  fertility  for  one  hundred  and  fifty  years, 
and  still  produces  grain,  vegetables  and  fruit,  yielding  two  to  three 
toDB  of  timothy  to  the  acre  when  well  drained,  turned  over  and  seeded 
down  once  in  every  five  or  ten  years,  and  is  sometimes  so  valuable  as 
to  be  rated  at  $400  per  acre. 

The  hunje  of  One  of  the  largest  of  these  ma^sh  lauds  is  Orand  Pr^,  in  Kings 
jcvaDgeiine.  Qonnty,  celebrated  in  verse  aa  the  home  of  Longfellow's  Evangeline, 
and  situated  between  the  beautiful  valleys  of  tbe  Oaspereau  and 
Cornwallis  rivers,  up  which  the  phenomenal  tides  of  the  Bay  of  Fundy 
ran  for  several  miles  to  form,  at  high  water,  inlets  navigable  for  small 
craft.  Near  it  are  the  willows  and  ^pple-trees  of  the  early  French 
farmers,  a  well  and  the  ruins  of  their  church  and  houses. 

Other  dyke- protected  meadows  occur  at  the  mouths  of  ^e  Avon, 
Canard,  Habitant  and  Fereau  rivers,  of  historic  interest  in  the  straggle 
for  supremacy  in  the  New  World  between  the  English  and  French, 
during  the  seventeenth  and  eighteenth  centuries.  They  are  bordered 
by  sloping  fields  and  undulating  uplands,  white  away  to  the  northward 
Blomidon  rises  to  a  height  of  500  feet,  crowned  with  evergreens  and 
hardwood,  opposing  to  the  turbulent  tides  a  perpendicular  wall  of 
basaltic  trap,  jutting  out  past  the  fringe  of  bright  red  sandstone  that 
Cftpe  forms  the  clifis  to  Pereau  and  Kingsport.     Cape  Blomidon  is  the  east- 

omi  on.  ^^^  buttress  of  tbe  north  mountain  range,  which,  extending  thence 
to  Brier  Island,  shuts  out  the  fog  of  the  Bay  of  Fundy  from  the 
Annapolis  valley.  Another  elevation  of  great  scenic  interest  in  this 
vicinity  is  the  '  Look  Off,"  three  miles  from  Canning,  from  which  an 
extensive  view  is  presented  of  the  surrounding  country,  with  fine 
orchards  laden  with  apples,  plums,  pears,  cherries  and  small  fruits, 
gardens  and  grazing  lands  for  cattle  and  sheep;  and  deep  vallejrs,  lakes 
and  woods,  dimly  seen  to  the  southward,  full  of  trout  and  salmon, 
PkccR  moose,  bears,  partridges  and  other  game.     Many  such  fine  views  and 

ftCMJc  bCT,uty.  imposing  and  attractiva  pieces  of  scenery  are  easily  accessible  from  the 
railway.  Among  these  are  the  valleys  of  the  Gaspereau  and  Cold- 
brook,  the  Deep  Hollow,  Whiterock,  Black  Biver  falls,  Moores  falls, 
the  boaches  and  sea  cliffs,  particularly  between  Kingsport  and 
Blomidon. 


ib.  Google 


•B^J  SDHMABY   RKPOKT  213   A 

The  d3rke  lands  bare  been  daeoribed  by  man;  writers.* 

Kiogs  county  affitrds  a  great  variety  of  geological  formations.  Geology  of 
Those  of  sedimentary  origin  belong  to  the  followiag  periods :  Pleisto- 
cene, Triassic,  Carbooiferoos,  Devonian  (Horton),  t^ilarion  (perhaps 
ioclading  Cambro-Silurian  or  TTpper  Cambrian),  Lower  Cambrian 
(upper  gold-bearing  series).  Igneous  or  Plutonic  rocks  are  also  present 
in  hill-masses  and  dykes.  Following  the  Triassic  came  a  great  effdeion 
of  trap.  All  tbe  rocks  to  the  top  of  the  Silurian  are  affected  by  an 
iatmsion  of  the  gray  granite  that  forms  bo  important  a  feature  on  the 
Atlantic  coast ;  and  are  also  cut  by  dykes  of  gray  diorite.  These 
intnuions  appear,  however,  to  differ  in  age  and  material  from  that 
which  baa  formed  the  Cobeqaid  hills  and  altered  the  strata  of  Rivers- 
dale  and  Harrington  river. 

Notwithstanding  all  that  has  been  written!  in  general  descriptions 
of  theee  formations,  much  still  remains  to  be  done  to  define  on  a  map 
their  precise  boundaries  and  relations. 

Drift  material  from  the  I^orth  mountain  is  found  aa  far  south  as  Drift 
Etna  (Greenfield)  and  other  points  on  the  South  mountain.     Pebbles  "^W'"*'- 
uid  boulders  from  tbe  Cobequid  hills  also  abound  in  the  boulder-clay 
of  all  the  sea  cliSs,  valleys  and  beaches.     Professor  Coldwell  has  des- 
cribed south-easterly  glacial  strite  on  rocks  of  the  ridge  immediately 
aonth  of  WoUville;  an  old  beach-formation  parallel  to  the  present 
Tater  frontage  at  the  same  place  ;  and  trunks,  stumps  and  roots  of 
trees  in  gilu,  about  thirty  feet  below  high-water  mark  on  the  northern 
aide  of  Long  island,  representing,  he  argues,  a  subsidence  of  the  land 
of  forty  to  fifty  feet.     An  interesting  deposit  of  shell-marl,  used  as  a 
fertilizer,  haa  been  dug  from  a  bog  on  tbe  land  of  Mr.  William  Wallace 
U  Canaan.     Bt^  iron  and  manganese  have  been  worked  to  a  small  Bog  iroa  tu 
extent  south  of  Coldbrook  station,  at  Canaan  and  other  localities.  ^^ 

Tbe  southern  limit  of  the  Triassic  runs  westward  from  Avonport  ;S^^P*?^ 
sod  follows  a  short  distance  south  of  the  Comwallis  river.     The  belt, 
which  has  an  average  width  of  six  miles  and  a  half,  b  bounded  on  the 
north  by  the  North  mountain,  the  uppermost  beds  being  those  cut  by 
the  trap.     Ic  oontuns,  near  Kingsport,  friable  sandstone,  for  the  most 

'Herbin's  'Uusbluida'  uid  'Grand  Pr^';  Eoliburton'a  'Sam  Sliok'  luid 
'History  of  Nora  Scotia';  Longtellow'g  'Evangeline';  Macleod'a  'Notary  of 
Gnnd  Pri';  Theodore  Rand'ii  Poems;  Gesner's  'Geology  snd  loduatriKl  Resourcta 
of  Nova  S(x>tiA';  Dawion's  'Acadian  Geology';  and  others, 

tReport  iiy  Jackaon  and  Alger  ;  Gesner's  '  Geology  of  Nova  Scotia '  and  '  lodue- 
trial  Reaourcaa ' ;  Dawson's  '  Acadian  Geology ' ;  Papers  by  Frofeeson  Coldwelt  and 
Hajcock  and  by  Dr.  Honeyman  in  the  '  TianeactioDa  of  the  Nova  Scotian  luatitute 
of  Science ' ;  and  others. 
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part  brick  or  Indian-red,  with  great  irregular  lasers  or  patches  of  con- 
glomerate; overlaid,  towards  Perean,  by  finer  marly  beds,  which  extend 
to  Blomidon  and  iaclade  layers  of  aelenite,  nine  inches  and  downward, 
in  the  upper  portion.  A  narrow  outlier  is  foand  in  the  large  brook 
above  Kentrille,  separated  from  the  main  basin.  Sections  of  these 
rocka  have  been  measured  wherever  accessible.  Their  total  thickness 
is  not  great.  They  are  spread  over  this  large  tract  in  almost  hortiton- 
tal  layers,  and  it  has  Men  suggeeted  that  underlying  formations  might 
be  reached  by  boreholes. 
C«rboi^ferouii  From  a  point  half  a  mile  above  the  West  Branch,  the  Avon  river 
iinwBtone.  flowB  tbroQgh  a  basin  of  red  and  gray  marls,  flags  and  sandstones,  gyp- 
sum and  limestone  of  the  Carboniferoas  limestone  formati<ai.  In  the 
neighbourhood  of  the  plaster  and  limestone  quarries  of  St.  Croix, 
Windsor,  Falmouth,  Mount  Dennison  and  Hantsport  this  basin  is  of 
great  extent ;  but  it  enters  Kings  county  only  in  a  narrow  sone  along 
the  shore  from  Hantsport  to  Blue  Beach. 
Horton  BariM.  A  somewhat  irregular  lielt  of  more  metamorphosed  rocks  is  met  with 
in  the  West  Branch  of  Avon  river,  the  Mill  Branch,  Halfway  and 
Oaepereau  rivers.  These,  as  they  occur  at  Horton  Bluff,  have  been 
called  the  Horton  series.'*  Sections  have  been  made  there  and  on  the 
Curry  and  other  brooks  flowing  into  Oaspereau  river,  to  define  their 
thickness,  which  is  probably  not  less  than  on  the  north  side  of  Minus 
Basin.  The  base  is  well  defined  at  Oaspereau,  Halfway  river  and 
other  places;  from  it  the  '  Wickwire  sandstone'  is  largely  quarried 
for  foundations  of  buildings ;  and  it  yields  also  the  quarry  sandstone 
of  Halfway  river. 
Contruverajr  A  brief  reference  may  here  be  made  to  a  controversy  that  has  arisen 
position  of  among  palwophyGologists  concerning  the  true  position  of  this  series,  t 
Horton  earies.  Some  of  them,  while  correlating  the  Horton  with  the  rocks  of  Rivers- 
dale  and  Harrington  river,  in  Colchester  county,  have  classified  it  as 
above  the  Devonian  of  New  Brunswick;  others  regarding  the  Rivers- 
dale  and  the  Devonian  of  New  Bmnswick  as  identical,  would  place 
the  Horton  beneath  them.  In  the  region  now  under  examination, 
the  Horton  rests  upon  no  rocks  younger  than  Silurian,  and  oome^  from 
beneath  the  Carboniferous  limestone,  '  the  old  Lower  Carboniferoas, 
or  Keokuk-St.  Louis,'  according  to  Schuchert,  and  is  clearly,  therefore, 
zieither  Upper  Carboniferous  nor  Millstone  Orit.  <  Surely,'  an  emin- 
ent palKobotanist  remarks,  '  the  coefficient  of  error  should  not  be  so 
'  Acadian  Geology,  pages  2C2—2&7, 

+'A  BackwaKiSCepinPoIffiDbotAD;,'  by  Dr.  G.  F.  Matthew,  in  Ttuib.  Roy.  Soc 
Can.  for  1901 ;  Can.  Reconl  of  Sc.  Jan.  and  July,  1901 ;  Ottawa  Naturalist,  May 
and  July,  1901. 
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gre&t  as  to  permit  an  ontira  geological  period  to  intervene  between  its 
palteontologically  theoretical  position  and  ita  actual  place.' 

The  rocks  next  underlying  contain,  between  Canaan  and  Gaspe-  Marme  fcaaik 
reau  lake,  SUnrian  marine  foeeila.*     West  of  New  Minos,  the  fossil,  underlying 
Diett/onema  Webateri,  is  obtained  from  a  aeriea  apparently  distinct,  '*™^ 
membling   the   ao-called   Cambro-Silurian   of  Antigoniah  and  Fictou 
counties,  but  referred  by  Dawson  to  the  Silurian,  byHoaeyman  to  the 
Lower  Silurian,  and  by  Cotdwell  to  the  Cambrian.     The  stratigraphi- 
caJ  relations  have  not  yet  been  thoroughly  worked  out^    From   the 
former  are  quarried  the  impure  limestones  of  Qaspereau  lake  and 
Cuiaan  ;  from  the  latter,  the  flinty,  qnartzoee  flags  of  Highbury. 

Graphitic  slates  of  tV.e  age  of  the  Lower  Cambrian  or  Upper  Gold-  Qnphi^ 
bearing  series,  sometimes  so   black  as  to  be  worked  for  graphite,  are  Lower 
la^y  developed  in  the  Halfway,  Black  and  Gaspereau  rivers.    They  Cani'wiM'rfe. 
are  cut  by  small  veins  of  quartz,  some  of  which  have  been  exploited 
bill  do  not  seem  to  be  persistent  or  to  carry  gold.     Juat  below  a  bridge 
about  three  miles  above  the  mouth  of  Black  river,  an  easb-and-weat 
satieUue  brings  to  the  surface  beds  of  whin ;  but  it  is  not  known  that 
gold-bearing  veins  have  been  discovered  along  its  axis. 

This  series,  as  well  as  the  preceding,  is  everywhere  intersected  Ig  Rock  seriw 
djkee  of  light^^y  dioritic  rock  and  cut  off  to  the  southward  by  a  dykes. 
great  mass  of  granite,  which  stretches  nearly  to  the  Atlantic,  a  black- 
'eb  granular  diorite  generally  occupying  a  narrow  zone  at  the  contact. 
The  diorites  and  the  granite  are  all,  however,  older  than  the  Horton 
rocks,  the  latter  containing  fragments  of  both.  The  granite  is  usually 
gray,  but  in  Black  and  Little  rivers  it  is  in  part  red.  Both  varieties 
make  durable  ornamental  and  building  stones.  Where  Triassic  rocks 
are  broken  through  by  the  trap  of  the  North  mountain  the  alteration 
of  their  soft  sediments  does  not  extend  to  many  feet  from  the  contact. 
VaggB,  both  in  the  latter  and  in  the  trap,  are  filled  with  crystalline  OharaiAenKtio 
aggregations  varying  in  size  from  mere  druses  to  several  inches  in 
diameter,  and  veins  and  plates  contain  many  other  minerals  already 
described  as  oharacteristio  of  the  traps  of  the  Bay  of  Fun'Jy  at  Cape 
Blomidon  and  many  of  the  small  coves  from  Scotts  bay  westward — 
the  amediyat  and  black  quartz,  agate  and  jasper  being  especially 
prized  by  collectors.  A  list  of  the  varieties  U>  be  obtained  at  difierent 
points  is  given  in  Dr.  Hofiinann's  'Annotated  last  of  Canadian 
Minerals.'t 

*  Acadiui  Geology,  pages  E^  to  673,  69). 
-fCf.  alto  '  Acadian  Greology ';  Gemer's  'GeoL  ofN.  S. ';  JsokKiii  and  Algur  ;  H«r- 
bin'« '  Grud  Pr4'. 
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Oolamnar,  gnnnlar  or  crystftlline,  basaltio  trap  ocoapies  s  narrow 
obaiit  along  the  contact  with  the  Trias  frum  near  the  'Look  Off'  to 
Cftpe  Blomidon,  thence  on  the  outer  shore  to  Cape  Split.  The  shores 
from  Scott's  ba;  westward  to  Baxter  harbour  and  the  greater  part 
of  tbe  trap  area  inland  are,  on  the  contrary,  occupied  by  sheets  of 
amygdaloid,  dipping  north-westward  at  a  very  low  angle. 

Yeina  of  magnetite  are  found  at  Blomidon,  as  at  Gerrish  mountain 
and  other  places,  of  less  than  workable  size.  Native  copper  and  mala- 
chite are  also  present,  but  apparently  in  much  lees  quantity  than  at 
Cape  d'Or,  in  Cumberland  county,  where  the  Colonial  Copper  company 
is  spending  large  sums  of  money  in  search  of  a  paying  deposit. 

Fifty  six  hand-drill  borings,  raa gin g  in  depth  from  10  to  62  feet, 
have  been  made  near  Leamington,  in  Cumberland  county,  to  trace  the 
course  of  tbe  coal  seams  overlying  tbe  large  beds  worked  in  tbe 
Springbill  coal  field,  and  the  relation  of  these  latter  to  small  ieams  of 
the  Upper  Maccan  river.  These  enplorations  were  not  undertaken,  as 
has  been  already  stated,  for  the  discovery  of  workable  coal  seams  at 
the  surface,  the  outcrop  of  those  of  the  Springbill  mines  having  turned 
to  tbe  eastward  and  become  concealed  among  faults  at  the  bottom  of 
the  basin  near  Rodney  ;  but  to  determine  the  tines  along  which  the 
lower  levels  in  the  working  of  these  seams  must  pass  by  the  outcrops 
of  small  seams  overlying  tbem  at  stated  distances.  It  is  also  desirable 
to  ascertain  whether  the  conglomerate  upon  the  slope  of  the  Cobeqnid 
hills  south  of  Leamington  and  westward  towards  Apple  river,  instead 
of  being  Lower  Carboniferous,  may  not  rather  represent  higher  meas- 
ures, just  as  the  1,500  feet  belt  near  the  Chignecto  and  Styles  mines  is, 
according  to  Barlow  and  McOuat,  a  local  replncement  of  the  fine  sedi- 
ments that  on  the  Jogf^ns  section  immediately  underlie  or  include 
some  of  the  coal  seams. 

For  kind  assistance  in  this  work,  Mr.  Fletcher  has  again  to  thank 
Mr.  J.  R.  Cowans,  of  tbe  Cumberland  Railway  and  Cool  Company, 
the  gentlemen  mentioned  on  page  162  of  last  year's  Summary  Report 
and  Mr.  George  C.  Harrison,  C.K.,  of  Southampton. 

Nova  Scotia  Gold  Firlds. 
Mr.  E.  R.  FaTibavlt. 

Mr.  E.  R.  Faribault  returned  to  Ottawa  on  August  26,  1900,  from 
tbe  Fans  International  Exhibition,  where  he  had  been  sent  to  superin- 
tend the  installation  ol  the  Canadian  mineral  exhibit ;  and  after  thre 
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weekB  field-work  in  the  gold  districts  of  eftstern  Nora  Scotia,  he  reAcbed 
Ottawa  agaia  OD  September  28  to  reaame  hia  office  work,  on  which  he 
reports  as  foUows : — 

'The  last  three  mooths  of  1900  were  spent  in  the  office  preparing 
a  report  on  the  collection  of  Canadian  minerals  sent  to  the  Paris 
Kxbibition'^  and  in  attending  to  correspondence  and  other  duties  in 
connection  with  Che  exhibit.  I  also  prepared  a  plan  to  be  used  for  the 
installation  of  that  mineral  exhibit  in  the  space  allotted  to  it  at  the 
Qlasgow  International  Exhibition  of  1901. 

'The  winter  months- of  1901  were  devoted  to  the  compilation  of  the 
large  scale  plans  of  the  gold-mining  districts  of  Waverle;  and  Tangier 
in  the  coant;  of  Halifax,. both  of  which  were  handed  in  for  publication 
before  leaving  for  the  field.  Some  progress  was  made  also  in  the  oom- 
pilatioQ  of  the  surreys  made  several  years  ago  for  ^e  Lawren(»town  and 
Freaton  map-sheets,  lying  immediately  east  of  Halifax  Harbour,  and 
in  this  work  I  was  assisted  from  May  1  by  Mr.  Owen  O'Snllivan.' 

On  the  field-work  accomplished  in  Nova  Scotia  dnring  the  past  sea-  Field  work, 
son,  Mr.  Faribault  reports  as  follows  : — 

In  accordance  with  your  instructions,  I  left  Ottawa  on  June  10 
for  Nova  Scotia,  to  resume  the  surveys  interrupted  last  year,  in  ood- 
nection  with  the  mapping  and  study  of  the  structural  geology  of  the 
gold-beariog  rocks  of  that  province. 

Mr.  Owen  O'SullivoD  also  left  for  Nova  Scotia  on  June  IS,  and 
from  that  date  until  his  return  to  Ottawa  on  October  4  he  was  engaged 
with  the  exception  of  three  weeks,  occupied  in  surveying  with 
Mr,  0.  0.  Sen^cal,  in  continuing,  under  my  supervision,  the  much 
delayed  compilation  of  the  topographical  surveys  of  the  region  lying 
immediately  east  of  Halifax  Harbour  and  the  line  of  the  Intercolonial 
railway. 

I  was  again  ably  assisted  in  the  field,  during  the  whole  season,  by  a 
Messrs.  Archibald  Cameron  and  Jas.  McQ.  Cruickshank,  who  have 
been  my  assistants  for  sixteen  and  fourteen  summers,  respectively. 
They  joined  me  at  Halifax  on  June  18,  and,  after  a  few  days  spent 
revising  surveys  to  the  east  and  west  of  Habfax,  they  were  engaged 
surveying  the  region  passed  over  in  1896  and  covered  by  the  St.  Mar- 
garet's Bay  sheet.  No.  71  and  the  Aspotogan  sheet.  No.  70.  This  region 
covers  240  square  miles  of  land,  includes  the  numerous  lakes  and 
streams  flowing  southwiml  into  St.  Margaret's  bay,  and  the  East  river 
of  Chester,  flowing  into  Chester  basin,  and  it  extends  inland  to  the 

■  Summary  Beport  GeoL  Surv.  Can. ,  1900.  pp.  16  to  37. 
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r.orth  ftnd  weet  nsfar  u  the  old  Ann&polis  road  &nd  the  Windsor-Chestar 
rood.  Tbe  shore  roads  were  surveyed  with  the  odometer,  aad  several 
of  the  lumberini;  roads  of  the  interior  were  chained  to  be  nsed  as  tie- 
lines  ;  while  the  streams,  lakes  and  other  traverses  were  measnred  by 
pacing  and  the  prismatio  compass.' 

With  the  exception  of  a  few  small  outliers  of  Carboniferous  lime- 
stone along  the  coaat,  the  whole  of  the  district  snrveyed  is  nnderlaid  b; 
granite,  ie  ver;  rough,  with  rugged  rocky  hills  or  huge  boulders  of 
granite  strewn  over  the  surface,  and  is  of  but  little  economical  impor- 
tance- The  oonntrj  is  moetly  barren  along  the  coast,  but  well  wooded 
with  good  timber  some  distance  in  the  interior.  It  is  unfit  for  agri- 
culture and  uninhabited,  except  along  tlie  seo-abore,  where  a  pros- 
perous scattered  population  is  engaged  in  fishing  and  lumbering. 

Messra  Cameron  and  Cruickshank  were  engaged  in  the  field  until 
the  28th  of  October,  when  they  began  the  plotting  of  their  surveys. 

In  the  performance  of  my  field-work,  I  have  received  much  inform- 
ation and  assistance  from  miners  and  other  persons,  and  I  wish  to 
thank  especially  the  Hon.  C.  E.  Church,  ex-Commissioner  of  Mines ; 
Hon.  A.  Drysdale,  Commissioner  of  Mines ;  Dr.  Edwin  Gilpin,  Inspec- 
tor of  Mines ;  Hon.  S.  H.  Holmes,  and  Messrs.  Roderick  McCoU,  D. 
Weatherbe,  F.  H.  Mason,  N.  W.  Keddy,  Geo.  E.  Francklyn.  T.  N. 
Baker,  J.  H.  Austen,  and  Sidney  Y.  Bauld,  of  Halifax ;  A.  F.  Chnroh 
and  J.  B.  Morrell,  Bedford ;  Geo.  W.  Stuart,  Truro ;  A.  A.  Hayward, 
Waverleyi  G.  J.  Partington,  Isaacs  Harbour;  John  H.  Anderson 
and  Mark  Anthony,  Musquodoboit  Harbour ;  John  J,  Withrow,  South 
TTniacke  ;  Gapt.  C.  D.  Lordly,  Alex.  M.  Church  and  Principal  I^wson, 
Chester;  John  A.  Wheeler,  Irving  Croft,  D.  C.  Butterfield,  Amos  A. 
Hiseler,  H.  B.  Bigney,  Charles  Mills,  D.  M.  Fraser,  and  John  Croft, 
Jr.,  Chester  Basin. 

My  own  work  in  tbe  field  was  confined  principally  to  a  closer  study 
of  the  geological  strusture  of  the  gold-mining  districts  of  Montague 
and  I<ake  Catcha,  in  the  county  of  Halifax,  surveyed  in  1898,  and 
briefly  reported  on  in  the  Summary  Report  for  that  year,  and  the  gold- 
mining  districts  of  South  tJniacke,  situated  partly  in  Halifax  and 
partly  in  Hants  county,  surveyed  in  1899,  and  also  reported  on  in  the 
Summary  Report  for  that  year.  The  structure  of  the  anticlinal  folds, 
the  location  of  the  auriferous  quartz  veins  and  the  numerous  faults 
affecting  them  were  oaratully  made  out,  and  the  results  added  to  the 
plans  of  these  districts  previously  plotted  on  the  scale  of  250  feet  to 
one  inch.  These  plans  are  ready  for  publication,  and  that  of  Mon- 
tague is  now  in  the  handd  of  the  engraver. 
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A  special  detculed  survey  was  also  made  of  the  gold  district  of  Gold 
river,  in  the  coanty  of  Lunenburg,  and  a  plan  plotted  on  the  scale  of 
250  feet  to  one  inch  has  been  completed. 

A  revision  was  also  made  of  the  geological  structure  of  the  region 
lying  to  the  north  of  Chester  basin,  between  the  East  river  of  Chester, 
Gold  river,  and  Cheater  Qrant,  surveyed  in  1896,  for  the  general  map- 
ping of  the  country,  on  the  scale  of  one  mile  to  an  inch. 

Some  preliminary  notes  on  the  structure  of  the  Gold  River  gold  dis- 
trict will  no  doubt  be  v^coroed  by  those  interested  in  it. 

Gold  River  Oold-Tnining  Ditirict. — This  district  is  situated  on  the  Gold  River 
Gold  river,  in  the  county  of  Lunenburg,  one  mile  above  the  bridge  ""      "b'*t=»- 
spanning  the  stream  on  the  shore-road,  where  it  discharges  into  Chester 
basin.     It  is  five  miles  north  of  the  town  of  Chester,  twelve  miles  east 
of  Uahone  bay,  a  station  on  the  Central  railway,  and  fifty  miles  west 
of  Halifax,  by  the  shore  road- 
There  is  a  tradition  that  gold  was  originally  found  on  the  river  by  ¥iai. 
early  French  settleis,  and  hence  its  name.     Another  authority  asserts  ^f^^^f^ 
that  the  name  was  originally  'Gould  river".        The  first  discovery  of 
gold  of  which  we  have  positive  information  was  made  by  Messrs. 
Daniel  Dimock  and  David  Whitford,  on  June  20,  1861.     Mr.  Henry 
Foole  visited  Gold  river  in  1861,  and  in  bis  report  to  the  Government 
said  :  "  One  quartz  vein  was  fifteen  inches  wide,  and  had  thick  beds  of 
qnartzite  rock  above  it,  and  several  feet  of  thin  laminated   slates 
below,   and  the  vein    bore  If.  60°   W.  and  dipped  38°  north."     This 
description  agrees  with  a  quartz  vein  opened  on  the  north-east  bank 
of  the  river  and  shown  to  me  as  the  first  vein  opened  in  the  district. 

The  mining  operations  have  all,  to  this  date,  been  prosecuted  on  the  Area  of  tho 
north-eastern  side  of  the  river,  but  important  surface  developments  "'"'"'^^ 
have  also  been  made  on  the  south-western  side.     la  the  district,  gold- 
bearing  veins  have  been  discovered  over  an  area  7,000  feet  long  and 
4,000  feet  wide.     A  detailed  survey  has  been  made  of  this  area,  and 
a  plan  plotted  on  the  scale  of  250  feet  to  one  inch. 

Great  difficulty  was  experienced  in  working  out  the  geological  struc-  Geologic&l 
ture  of  the  district.  No  mining  operations  were  being  carried  out  when  ' 
the  survey  was  made  and  most  of  the  old  workings  were  full  of  water 
and  inaooessible.  The  surface  is  heavily  covered  with  gladal  drift  or 
decomposed  rock  and  natural  rock-exposures  are  very  scarce.  Were 
it  not  for  the  good  seotions  available  along  the  deep  valley  of  the 
Gold  river,  and  the  informations  gathered  from  the  miners  who  have 
worked  from  time  to  time  in  the  several  mines,  it  would  have  been 
impossible  to  make  out  the  structure  of  the  measures. 
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Intcrbedded         All  the  auriferous  quartz  veins  diecovered  ia  the  district  belong  to 
veins.  ^^^  interbedded  class  of  flssure  veins.     The;  follow  the  planes  of  sedi- 

mentation of  belts  of  slates  interstratified  between  heavy  beds  of 
quartzites  and  they  occur  along  the  truncated  dome  of  a  huge  anti- 
Horizon,  clinal  fold.  The  horizon  of  the  strata  brought  up  by  this  upheaval  is 
estimated  to  be  6,600  feet  below  the  base  of  the  group  of  slates  which 
form  the  upper  division  of  the  Acadian  gold-bearing  rocks,  giving  a 
total  erosion  of  some  17,000  feet  of  known  sedimeotary  rocks. 
Anticlinal  The  general  course  of  the  anticline  is  north-east  and  south-west.  At 
the  western  limit  of  the  district,  a  six-inch  lead,  opened  in  a  slate  belt 
by  Mr.  N,  W.  Keddy,  on  area  1076,  block  1,  corves  westerly  around 
the  crown  of  the  anticline  and  pitches  37°  west.  The  anticline  is  well 
exposed  on  Qold  river  at  the  Hemlock  fall,  where  it  pitches  15'  south- 
westerly. At  the  eastern  extremity  of  the  district,  on  area  314, 
block  3,  a  five-inch  lead  discovered  by  Mr.  Charles  Mills  in  a  wide 
slate  belt  just  north  of  the  Gammon  group  of  leads,  has  been  found 
to  curve  in  a  eouth-easterly  direction  around  the  creet  of  the  anticline 
and  dip  30°  east. 

On  the  south  side  of  the  anticline  the  strata  curve  abruptly  and  dip 
southerly  at  high  angles,  increasing  rapidly  and  reaching  85°  at  a 
distance  of  2,000  feet  to  the  south  of  the  anticline.     On  the  north 
limb  the  strata  dip  at  much  lower  angles,  and  vary  from  35°  near  the 
Dome  axis  to  45°  at  a  distance  of  1,700  feet  northward  from  it.     The  axis- 

plane  of  the  fold  dips  thus  to  the  north  at  an  angle  of  65°,  and  the 
upheaval  has  the  form  of  a  much  elongated,  elliptical  dome  whose 
centre  is  not  far  east  of  the  bridge  spanning  the  East  Branch. 
Vein>  oD  Che  All  the  most  important  veins  operated  in  the  district  are  situated 
^fcli'^'*"'  ""  *^*  "*"''* '''"'°  ®'  ^°  anticline.  The  tilted-up  strata  of  the  south 
limb  have  necessarily  been  subjected  to  more  shearing  and  fiasuring  in 
the  process  of  the  upheaval  than  the  less  disturbed  ones  of  the  north 
limb,  and  as  a  result  they  were  more  favourable  to  the  formation  of 
large  auriferous  quartz  veins.  So  far,  32  leads  have  been  discovered 
within  a  breadth  of  2,300  feet  of  strata  on  the  south  side  of  the  anti- 
cline, and  of  these  17  have  been  developed  or  worked  to  some  extent. 
The  present  surface  developments  show  that  the  veins  are  very  per- 
sistent along  their  course  from  one  end  of  the  district  to  the  other,  and 
that  they  must  also  extend  to  very  great  depths. 

The  district  has  not  yet  been  prospected  sufficiently  to  determine 
with  any  certainty  the  zones  of  special  enrichment.  The  Gammon 
group  of  leads,  opened  immediately  south  of  the  anticline,  at  the  east 
end  of  the  district,  is  very  promising  as  a  low  grade  ore  deposit 
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Within  a  diatanoe  of  170  feet  the  K">up  shows  seven  large  quartz 
veins,  dipping  vertioally,  giving  a  total  thickness  of  70  feet  of  crnsb. 
ing  material,  and  holding  several  bands  of  well  mineralized  ore.  It 
is  probable  that  this  extensive  development  of  quartz  in  the  leads 
lb  confined  to  a  relatively  small  portion  of  the  crown  immediately 
south  of  the  anticline.  The  size  of  the  veina  will  probably  be  found 
to  diminish  in  depth,  but,  if  the  developments  are  carried  in  the  direc- 
tion of  the  axis-plane  of  the  fold,  which  dips  65°  north,  a  anoceasion  of 
large  superposed  veins  will  probably  be  discovered  going  to  great 
depths.  More  development  work  should  be  done  towards  the  west 
along  this  part  of  the  anticline. 

An  important  crumple  of  the  strata  baa  been  observed  in  a  shaft  Minor  fold, 
sunk  by  Ur.  T.  N.  Baker  500  feet  south  of  the  Oammoa  leads,  on  the 
intersection  of  the  Baker  fissure  vein,  running  north-west  and  soutb- 
eaat,  with  the  Vermilion  lead,  which  follows  the  stratification.  The 
foot-wall  of  the  Vermilion  lead  is  here  crumpled  into  a  small  anti- , 
clinal,  which  runs  N.  76°  E.,  dips  31°  E.,  and  io  followed  10  feet  north 
by  a  small  synclinal  fold,  beyond  which  the  rocks  assume  their  general 
course  towards  the  north-east.  The  streak  of  rich  ore  found  here  in 
undoubtedly  caused  by  thia  disturbance,  and  it  is  probable  that  aimilar 
eurichmente  will  be  found  on  the  leads  affected  by  this  disturbance  to 
the  north  and  south  of  the  Vermilion  lead.  Very  rich  drift  has  been 
found  along  a  depression  to  the  south-east,  and  it  probably  comes  from 
the  intersection  of  the  Captain  and  the  Picayune  leads  with  either  this 
crumpling  or  the  Baker  fissure  vein. 

The  leads  which  have  been  worked  on  the  south  side  of  the  anticline,  Tjeods  worked 
are  met  with  in  the  following  order  from  north  to  south : — The  Jumbo  dip. 
lead,  worked  to  a  depth  of  60  feet;  the  Vermilion  lead,  40  feet; 
the  Captain  lead,  worked  by  several  eh^ta  at  the  Victor  mine  to  depths 
of  200  feet,  and  at  the  Lincoln  mine  to  depths  of  119  and  250  feet; 
the  Picayune,  200  and  211  feet;  the  Milllead,  100  feet;  the  Fox  lead, 
70  feet ;  the  Brisco  lead,  40  feet ;  the  Hiseler,  50  feet ;  the  Croft  Hill 
lead,  40  feet,  and  the  Iron  lead,  40  'feet. 

As  far  as  can  be  ascertained  from  the  present  developments,  the 
leads  which  are  meet  promising  on  the  south  dip  are  the  Gammon, 
Jumbo,  Vermilion,  Captain,  Picayune,  Mill  and  Fox  leads.  The 
only  lead  worked  to  any  extent  on  the  north  dip  is  the  North  Star  NonU  St«r 
lead,  situated  at  a  distance  of  1,500  feet  to  ttie  north  of  the  anticline. 
A  rich  streak  or  roll,  dipping  west  at  a  low  angle,  has  been  worked 
600  feet  in  length  and  100  feet  in  depth  on  thia  lead.  The  interven- 
ing section  between  the  North  Star  lead  and  the  anticline  has  not 
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yet  beeo  much  prospected.  It  is  probable,  however,  that  the  gronitd 
immediately  north  of  the  Gammon  leads  and  the  anticline  contains 
some  valnabin  leada. 

NoTth-wert  On  the  north-west  aide  of  the  anticlinal  fold  the  strata  curve  gently 

in  a  south- westerly  direction  towards  the  main  anticline  and  form  a 
broad  bulge  favourable  to  the  formation  of  quartz  veins.  The  rock 
section  exposed  along  the  Qold  river,  from  Innes  and  Big  Cumberland 
pools  to  the  head  of  Mosher'a  fall,  preaeats  some  eighteen  ioterbedded 
veins  situated  on  this  bulge.  Some  have  been  tested  and  found  auri- 
ferous, but  none  have  been  prospected  to  any  extent. 

Touquof  gnld  It  is  said  that  the  richest  drift  discovered  in  the  district  was  fonnd 
on  the  old  Touqnoy  property,  at  the  south-west  end  of  the  district. 
Much  prospecting  baa  been  done  for  many  years  back  by  Mr.  Damas 
Touquoy  and  others  to  find  the  lead,  but  the  surface  is  covered  with 
glacial  drift  to  a  depth  of  twenty  to  twenty-five  feet  and  the  float  of  gold 
quartz  is  only  found  at  the  top  of  the  drift  and  has  possibly  come  a 
long  distance.  It  is  very  probable,  however,  that  the  lead  will  be 
found  on  the  above  described  bulge  and  possibly  at  no  great  distance 
from  the  anticline.  More  prospecting  should  be  done  along  the  anti- 
cline, between  the  Keddy  lead  and  the  Croucher  lead,  and  beyond  it 
as  far  as  the  Hemlock  fall  on  the  river. 

Faulta.  The  structure  of  the  anticlinal  fold  has  been  nubjected  to  much 

disturbance  since  the  folding  and  the  deposition  of  the  interbedded 
quartz  veins.  Unfortunately,  the  rock  exposures  are  too  few  and 
the  developments  acoomplished  are  as  yet  too  limited  to  determine 
with  any  certainty  the  many  faults  afiecting  the  district.  Several  of 
them  run  transversely  through  the  anticlinal  fold.  A  left-hand  fault 
has  been  observed  to  give  a  dbplacement  of  seventy-five  feet  on  the 
North  Star  lead,  and  running  a  tittle  east  of  south  along  the  west  aide 
of  a  swamp,  it  crosses  the  river  at  Big  Cumberland  pool  and  passes  west 
of  the  Hemlock  fall,  where  the  anticline  appears  to  have  been  shoved 
200  or  300  feet,  to  the  north  of  the  Croucher  lead.  An  important 
left-hand  fault  appears  to  have  displaced  the  rocks  along  the  Eastern 
branch,  but  ite  direction  oonld  not  be  ascertained.  A  left-hand  fault, 
giving  a  shove  of  some  twenty  feet  on  the  Croft  Hill  leads,  runa  up 
the  river,  passes  east  of  the  Jumbo  crusher  and  eighty  feet  eaat  of  the 
eighty-foot  shaft  on  the  Jumbo  lead.  A  few  small  faults  have  also 
been  encountered  in  the  workings  of  the  Captain  lead  at  the  eaat  end 
of  the  district.  There  is' also  probably  a  left-hand  fault  of  100  feet  or 
more  west  of  Baker's  workings  on  tiie  North  Star  lead,  and  possibly 
also  to  the  eaat  of  them. 
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Sever&l  foils,  cascades  and  rapids  are  met  with  along  the  course  of  Excellent 
Oold  river  through  the  district,  and  a  few  of  these  have  already  been  "'  ^'"'" 
utilized,  ia  a  small  way,  as  water-power  for  the  mines.  An  excellent 
water-power  could  be  established  at  Little  or  Big  Cumberland  pool, 
where  75  or  100  feet  of  a  head  could  be  had  with  little  coat  from  the 
Masher's  falls.  With  such  a  power  in  the  middle  of  the  district,  there 
ia  not  the  least  doubt  that  many  of  the  large  belts  of  low-grade  ore, 
overlooked  to  the  present  day,  could  be  worked  at  a  good  profit,  and 
make  the  district  one  of  the  best  producers  in  the  province. 


C&HBBiAN  Rooks  akd  Fossils  op  Cape  Bbbton. 
Dr.  George  F.  Maltliew. 

During  the  past  season  I  was  engaged  in  June  with  Dr.  Bailey  in 
examining  the  slate  and  quartzite  rocks  of  the  western  part  of  York 
county  and  the  southern  part  of  Carleton  county.  New  Brunswick.  Sub- 
sequently I  visited,  with  Dr.  Bailey,  exposures  of  these  rocks  on  the 
western  border  of  the  Carboniferona  area  in  York  county.  The  results 
of  these  examinations  are  given  in  Dr.  Bailey's  Summary  report. 

For  the  greater  part  of  the  mouth  of  July  I  was  working  on  the  Work  by  Dr. 
Cambrian  rocks  in  Cape  Breton,  examining  some  districts  not  previously  Ckpe  Breton, 
visited  and  perfecting  the  work  in  other  parts  of  the  field.  The 
general  results  of  my  work  so  far  as  they  relate  to  the  geological 
structure  are  embodied  in  the  comparative  table  submitted  herewith. 
From  this  table  it  will  be  seen  that  almost  every  Cambrian  fauna 
of  English  rocks  of  this  age  occurs  in  the  Maritime  provinces  of  Canada. 
In  other  words  the  Cambrian  history  is  complete,  without  breaks  here 
as  in  Great  Britain.  The  table  also  shows  the  position  in  the  Cam- 
brian formation  of  certain  iron  ores  and  slate  deposits,  and  where 
mineral  wealth  of  this  kind  may  be  looked  for  with  the  beet  prospect 
of  suocesa.  The  upper  ferriferous  horizon  is  in  that  part  of  the  forma- 
tion in  which  the  hematite  beds  of  Bell  Island,  Newfoundland,  are 
contained.  The  lower  iron-bearing  band  is  in  the  middle  of  the  red 
rocks  of  the  basal  part  of  the  Cambrian. 

The  most  promising  of  the  slate  rocks  of  the  Cape  Breton  Cambrian  PromiBinr 
for  economic  purposes  are  found  at  the  top  of  the   basal   part  of  the  "  ■*«  "^    ■ 
formation  in  the  Mira  river  valley.     They  are  of  the  same  age  as  the 
orgillitea  or  clay  alatea  that  are  quarried  at  Trinity  Bay  in  Newfound- 
land.    Their  value  will  depend  upon  the  ease  of  cleavage  and  accessi- 
bility to  a  market. 
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Hftving  but  a  short  time  &t  m;  disposal  id  Cape  Breton  thia  year,  I 
devoted  it  to  ezGendiug  the  ezamiaation  in  the  district  already  explored, 
and  lo  study  some  doubtful  points  which  I  had  not  been  able  to  settle 
satisfactorilj  when  previously  in  the  island. 

In  the  valley  of  the  Uira  river,  by  the  discovery  of  the  Farsdoxides 
fauna  at  several  points,  I  was  better  assured  of  the  distribution  of  the 
middle  members  of  the  Cambrian  system,  and  by  exploration  on 
St.  Andrews  channel,  I  was  able  to  satisfy  myself  that  strata,  formerly 
thought  to  be  more  recent  than  the  Cambrian,  were  of  that  age.  Details 
ia  reference  to  these  matters  will  appear  in  my  fullest  report. 
(tanianl  remit  I  may  now  add  some  Statements  in  regard  to  the  general  result  of 
wtji*"^""  ''^^  exploration — first,  in  its  bearing  on  a  scientific  knowledge  of  the 
Cambrian  of  the  Atlantic  provinces,  and — second,  in  regard  to  a  few 
facts  bearing  on  economic  points.  The  writ«r  may  premise  that  pre- 
vious to  his  first  visit  to  the  island,  two  Cambrian  faunas  bad  beetj  dis- 
covered there ;  the  first,  before  the  work  of  the  Chx)l<^cal  Survey  of 
Canada  was  extended  to  the  island.  This  was  made  known  by  the  late 
Dr.  D.  Hooeyman,  and  was  the  fauna  of  Peltura  and  Spbterophthal- 
mus  fossils  which  were  found  on  McNeil  brook,  of  the  Mira  river,  and 
sent  to  the  great  exhibition  in  l^indon,  where  they  wen  determined 
by  the  late  J.  W.  Salter.  The  second  discovery  was  made  by  Mr. 
Hugh  Fletcher,  during  exploration  for  the  Canadian  Geological  Sur- 
vey, in  the  valley  of  McLeod  brook,  near  Barasois.  These  fossils  were 
examples  of  Dictyonema,  and  were  determined  as  being  of  the  species 
D.  aocialis,  Salter  (=  D.  flabdliforme,  Eichwald),  by  Prof.  Cbas. 
Lap  worth. 
Bnofmed  Other  fossils  were  collected  in  various  parte  of  the  Cambrian  field  hj 
ZS!^  ^'^-  Fletcher,  but  they  did  not  result  in  determining  any  known  Cam- 
brian horizon.  Thus,  of  the  five  European  faunas  of  the  Cambrian- 
Faradoxidee,  Olenus,  Peltura,  Dictyonema,  and  Asapbellus,  only  the 
third  and  fourth  bad  been  recognized.  And  of  the  faunas  older  than 
Paradoiides,  the  varied  fauna  of  the  Protolemus  bed  of  New  Bmns- 
wick  was  unrecognized,  as  were  also  the  several  sporadic  faunas  con- 
taining trilobites  of  the  Olenellus  family  that  had  been  found  at  a 
distance  north,  north-east  and  soath-west  of  Cape  Breton, 
ramlsiui  It  remained  then  a  question  whether  a  large  part  of  the  Cambrian 

(ikpe^BretoD.  ^yatem  was  wanting  in  Cape  Breton ;  or  whether  the  older  part  was 
represented  by  barren  measures.  It  is  true  that  Mr.  Fletcher,  during 
his  survey  of  the  Cambrian  district  of  the  island,  bad  collected  small 
Bracbiopods  at  several  points,  which  had  been  determined  by  the  late 
Mr.  Billings  as  Obolella.     But  at  the  time  of  Mr.  Fletcher's  survey,  a 
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number  of  staail  species  of  different  horizons  that  are  now  placed  in 
other  geowa  were  than  included  in  Obolella.  Henoe  theeefoesiiti  gave 
no  certain  indicatioD  (nnder  this  name)  of  the  part  of  the  Can.brian 
system  to  whioh  the;  belonged.  The  task  befwe  the  present  writer, 
was  to  discover  if  these  missing  faunas  were  present  in  the  island, 
and  by  their  means  and  through  a  knowledge  of  the  physical  aspect 
of  such  rocks  as  might  enclose  them,  to  work  out  the  sucoession  of 
members  in  the  Cambrian  rocks  and  trace  their  distribution  in  the 
areas  where  snch  rocks  were  found. 

Of  the  faunas  named  above,  we  have  not  been  able  to  recognise  the  ImiionsiK 
Protolenus  fauna,  bat  that  next  above  it  was  discovered  on  the  Mira 
river,  in  Bengal  settlement,  and  on  Trout  brook.  The  fossils  appear 
to  belong  to  Pamdoxidet  rugulosui,  or  a  closely  allied  species.  A 
more  important  discovery  was  mode  by  Mr.  8.  W.  Loper,  when  c(A- 
lacting  in  this  part  of  Cape  Bretoii  for  the  United  States  National 
Musenm.  He  found  a  Paradozides,  which  the  writer  ascertained 
to  be  a  variety  of  P.  ForehJtammeri,  thus  indicating  the  presence  of 
tiia  upper  Paradoxides  fauna,  not  heretofore  certainly  re«^ized  in 
America.  It  occurs  in  a  part  of  the  Cambrian,  which,  hitherto,  neither 
in  New  Brunswick  nor  Cape  Breton,  hut  yielded  trilobite  remains. 

In  explorations  in  the  valley  of  McLean  brook,  where  Mr.  Fletcher  Csmbriui 
had  found  Dictyonema,  the  overlying  fauna  of  Asaphellns  (Tremadoc  *^°^ 


fauna)  was  found.  This  extended  the  tannas  in  Cape  Breton  to  the 
summit  of  the  Cambrian  system.  There  still  remains  a  blank  where 
the  fauna  with  Olenus  and  Parabolinn  come  in,  but  this  is  simply  due 
to  the  barrenness  of  the  measures,  as  the  strata  are  continuous  without 
any  break  from  the  Paradoxides  to  the  Peltura  fauna.  Thus,  so  far 
as  the  typical  Cambrian  faunas  and  rocks  are  concerned,  there  is  a 
continuous  and  unbroken  succession  in  Cape  Breton. 

In  studying  the  basal  Cambrian  rooks  of  this  island,  we  are  con-  Difficnltyof 
fronted  with  a  difficulty  which  has  been  an  obstacle  to  the  invesiiga-  Cun^^ui 
tion  of  thb  series  in  other  fields,  viz.,  the  barrenness  of  large  masses  of  i^^- 
these  rocks  and  the  irregularity  in  the  distribution  and  the  loudization 
of  the  limited  faanas  which  they  contain — limited  not  only  as  regards 
the  number  of  fossils  usually  met  with,  but  also  of  the  few  groups  of  the 
animal  kingdom  represented  in  the  various  occurrences.     When  to  this 
is  added  the  imperfect  preservation  of  the  fossils,  it  will  be  seen  that 
there  are  many  obecaclea  to  a  full  and  satisfactory  knowledge  of  these 
ancient  faunas  of  the  basal  Cambrian. 

After  searching  a  number  of  sections  of  these  rocks  with  indifferent  Bmchiopods 

sncoess,  we  were  ao  fortunate  as  to  discover  on  some  branches  of  Indian  on  Indian     ^ 
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brook,  OD  East  ba.j,  sections  that  gave  excellent  results  bo  far  u  the 
Brachiopoda  and  Ostracoda  are  concerned.  Here  the  fossils  were 
sufficiently  natneroiu  and  well  preserved  to  enable  one  to  speak  with 
some  confidence  as  to  the  succession  of  forms  ia  the  Etcheminian,  the 
conditions  of  their  habitat,  the  currents  prevailing  during  the  entomb- 
ment of  the  faanas,  and  the  appearance  and  disappearance  of  certain 
types  of  animals  during  this  long  period. 

Further,  it  was  ascertained  that  there  were  two  sucresaive  faunas  in 
these  rocks,  marked  by  Brachiopoda  and  Ostracoda.  If  we  had  the 
trilobites  we  should  probubly  have  subordinate  divisions  of  these  two 
faunas.  There  is  probably  a  third  fauna  in  the  mud-beds  of  the 
volcanic  rocka  beneath,  which  contain  four  or  five  forms  different  from 
those  of  the  Ktchemiuian. 

The  line  of  division  between  the  two  Etcheminian  faunas  is  at  the 
top  of  the  red  sandstone  and  shales  of  the  middle  group  of  the  Etchi- 
minian  beds.  At  this  stage,  quite  a  number  of  new  speciee  appear  and 
displace  the  earlier  ones.  Here  the  genus  Aoroth«U  comes  in.  Besides 
being  common  in  the  Upper  Etcheminian,  this  genus  continues  so  in 
the  Protolenus  beds  and  those  holding  Feradoxides,  and  is  sparingly 
represented  in  the  higher  Cambrian. 
Vmlueof  Among  special  zoological  features  belonging  to  the  animals  of  this 

iS'd^^^'^  early  time  that  are  worthy  of  notice  the  value  of  minute  fossils  stands 
inK  horizanB.  out  with  some  prominence.  Their  importance  is  well  shown  by  Tun- 
berg's  Monograph  on  the  Agoosti.  But  in  this  case  it  is  the  minute 
Entomostracans  and  Brachiopods  which  yield  valuable  characters  for 
determining  horizons.  Many  of  the  Ostracoda  of  the  Etcheminian 
beds,  like  those  of  the  Protolenus  fauna,  had  visual  organs,  having  a 
prominent  ocular  tubercle  in  each  valve  situated  close  to  the  anterior 
end  of  the  hinge  line ;  the  main  adductor  muscle  was  placed  close 
behind  it.  In  this  they  differ  from  the  common  forms  of  the  Ordovi- 
cian  and  Silurian  rocks,  in  which  the  supposed  muscle  mark  is  toward 
the  middle  of  the  valve.  In  form,  as  well  as  in  structure,  their  nearest 
relatives  are  those  of  the  Protolenus  beds,  which  follow  them  in  natural 
succession.  Of  two  new  types  in  these  faunas,  one  (Bradorona)  is 
abundant  in  the  Lower  Etcheminian,  and  is  peculiar  in  its  shovel- 
shaped  valves  ;  the  other  with  smaller  but  proportionately  longer  valves 
is  common  in  the  Upper  Etcheminian.  On  the  whole,  the  Etchemi- 
nian forms  of  Ostracoda  are  large. 

A  character  emphasized  by  writers  who  have  made  the  Ostracoda  a 
subject  of  investigation  is  their  social  habits ;  they  occur  in  swarms 
wherever  found.     Anyone  would  be  impressed  with  this  who  has  seen 
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a  cluster  of  Cyprids  floabiag  shell  to  shell  in  the  quiet  waters  of  r 
sheltered  pond,  and  on  surfaces  of  the  shale  of  the  Ordovician  and 
Silurioft  rocks  this  peculiarity  of  habit  is  strikingly  shown  by  the 
closely  packed  layers  of  the  shells  of  the  Oetracoda  which  they  some- 
times contain. 


such  a  habit  in  the  Protoleaian  and  Etoheminian  Ostrocods.  On  the 
contrary  they  are  always  solitary,  and  scattered  sparingly  among  the 
shells  of  Bracbiopoda,  where  these  last  often  cover  whole  snrfaoes  of 
layers.  It  ia  also  pretty  certain  that  they  had  habits  of  burrowing  and 
hiding.  In  a  bed  of  dead  shells  of  Brachiopods  (Protosiphon)  of  the 
Frotelenian  time,  that  ha:d  been  drifted  on  a  Cambrian  shore  in  the 
ElennebecasiB  valley,  and  packed  together  with  spaces  between  the 
valves,  once-living  Ostrocods  (Beyrichona)  are  found,  where  they  had 
sheltered  themselves  with  their  valves  tightly  closed,  as  in  life.  And  it  ia 
contnon  to  find  them  thus,  or  with  the  valves  partly  agape  in  beds 
where  the  valves  of  the  Brachiopods  are  scattered.  These  peculiarities 
appear  to  indicate  a  difference  of  habit  from  the  later  types  of  Ostra- 
coda  The  Brachiopods,  which  are  so  abundant  on  some  layers  of  the  Bnchio)>od!<. 
Etcheminiaa  sediments  of  Indian  Brook,  have  also  yielded  some  facts 
new  to  science.  Such  small  fossils  as  those  of  the  genus  Acrotreta  are 
not  much  of  a  prize  to  the  ordinary  collector  of  fossils,  for  they  are 
too  small  to  be  attractive  objects  in  a  cabinet.  A  few  have  been  found 
and  described  from  the  Cambrian  rocks.  In  Europe  they  have  been 
referred  mostly  to  von  Seebaoh'n  species  A.  aocialU ;  while  those  found 
in  America  have  usually  been  thought  to  be  of  Billings' species  A.getnmct' 
(This,  however,  is  not  Cambrian  but  Ordovician).  Externally  th^  Aca.ii.ntat. 
Acrotretas  are  much  alike,  and  the  almost  uniform  ornamentation  o 
a  fine  striation  concentric  to  the  umbo,  leaves  little  room  for  the 
discrimination  of  species  by  outward  character.  In  form  they  do  not 
vary  greatly,  and  in  size  there  is  little  change  from  the  earliest  Cam- 
brian to  the  middle  :>i  the  Ordovician  system. 

The  Cape  Breton  beds  of  the  Baaal  Cambrian,  however,  not  only 
show  great  variation  of  form,  but  thoy  cont&in  a  group  of  species  so  far 
removed  from  the  typical  Acrotretas,  that  it  seemed  necessary  to  insti- 
tute a.  separate  genus  (Acrothyra)  for  tbem.  These  peculiar  forms  far 
outnumber  the  typical  Acrotretas  in  the  basal  beds  of  the  Cambrian, 
and  have  two  well-marked  species,  one  of  which  is  found  in  the  lower, 
and  the  other  characterizes  the  upper  Etchemini&n  fauna. 

It  i»  by  their  internal  characters,  revealed  by  the  mould  of  the  shell,  Kew  apecie*. 
that  these  minute  species  are  most  readily  discriminated ;  so  that 
including  the   two  genera   Acrothyra  and  Acrotreta,  there  are  about 
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eight  species  of  Acrotretoid  Brochiopoda  in  place  of  the  two  or  three 
that  have  been  hitherto  recognized. 

While  apeaking  of  the  minute  Brachiopods,  one  may  refer  to  those  of 
the  genus  Leptobolua — small  thin  shells  with  the  lateral  and  central 
mnacles  far  advanced  toward  the  front,  and  with  the  vascnlar  trnnka 
near  the  margins.  They  thus  had  large  visceral  cavities  and  narrow 
mantle  margins,  both  early  larval  characters,  as  may  be  seen  by  the 
development  of  Obolus  (Botifordia)  piUcher.  In  both  points  above 
named  they  differ  from  typical  Lingnlella,  which  had  a  comparatively 
small  visceral  cavity  and  wide  mantle  borders.  These  little  Leptoboli 
are  found  sparingly  in  the  Lower  Etcheminian,  but  they  are  qnite 
abundant  in  the  Upper  Etcheminian  beds.  From  this  they  extend  up 
to  the  thin  flags  and  shales  that  come  beneath  the  Feltura  fauna,  being 
found  sparingly  and  at  intervals  in  the  intervening  measures  ;  and  they 
probably  continue  on  to  the  typical  forms  in  the  Oniovician,  described 
by  the  late  James  HaJl,  No  doubt  several  species  have  been  deecribed 
nnder  Lingnlella. 

Of  Lingnlella  proper,  and  of  Oboloa,  there  are  two  species  which 
deserve  attention,  because  of  their  considerable  size  among  the  diminu- 
tive species,  which  in  general,  characterize  the  Etcheminian  beds  ;  and 
because  each  is  found  in  the  mud-beds  of  the  group,  the  one  in  the 
Upper  and  the  other  in  the  Lower  Etcheminian.  They  have  been 
found  to  appear  when  sandstones  and  grits  cease  to  be  deposited,  and 
disappear  on  the  recnrrenoe  of  coarse  sediments.  In  the  Middle 
Cambrian  we  find  species  which  resemble  these  in  form  and  size,  but 
they  are  moat  abundant  in  the  sandstones  and  flags.  The  Etcheminian 
species  referred  to  are  Lingnlella  Gregum  and  Obotua  BretonenaU,  the 
former  of  the  Lower  and  the  latt«r  of  the  Upper  Etcheminian  fauna. 

The  collections  on  which  the  above  observations  are  based,  have 
been  made  from  fourteen  zones  or  beds  of  the  Etcheminian  sediment, 
of  which  eight  are  in  the  Lower  and  six  in  the  Upper  Etcheminian. 
They  therefore  represent  a  fairly  continuous  succession  of  the  Inarticu- 
late Bracbiopods,  and  the  Ostracods,  of  that  distant  period. 

That  the  zoological  history  of  the  time  was  so  continuous  in  the 
East  bay  district  is  to  be  attributed  to  the  deposition  of  these  Cam- 
brian sediments  in  a  narrow  sheltered  sound,  and  to  the  comparatively 
tliin  mass  of  sediments  which  the  group  exhibits  here.  Their  mass 
did  not  sink  sufficiently  deep  into  the  earth's  crust  to  be  changed  by 
the  internal  heat  of  the  globe,  nor  was  it  covered  by  heavy  masses  of 
sediment  of  subsequent  ages.  They  were  well  protected  from  lateral 
thrust  and  so  are  not  much  distorted.     In  the  thicker  deposits  of  the 
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Mira  valley  of  this  ag«,  foaails,  judging  by  oar  «xperienc«,  are  of  rare 
occnrrence. 

Of  trilobitea,  good  examples  were  found  at  only  one  locality,  and  TiilDfatla. 
these  of  a  kind  not  found  elsewhere  in  the  EtcheminiaD.  The  many- 
jointed  spined  pygidea  of  one  species  are  moat  like  those  of  Megalaspia 
at  the  base  of  the  Ordovician,  but  the  head-shields  do  not  agree  with 
that  geouB.  These  belong  to  the  Lower  Etcheminian.  A  few  trilobite 
remains,  like  shields  of  Agraulos  and  Ptychoparia,  are  found  at  the 
top  of  the  Upper  Etcheminian. 

The  Articulate  Brochiopods  are  represented  by  a  Billingsella  in  the 
Lower  Etcheminian,  and  the  Hyolithida,  by  the  two  genera,  Hyolithea 
and  Orthothbca,  in  poorly  preserved  examples,  occurring  at  intervals 
ic  these  Etcheminian  beds. 

Uther  groups  foand  elsewhere  in    the  Basal  Cambrian,    such  as  Othv  snmpi 
Gasteropods  and  Lamdlibranchs,  remain  unrecognized  in  the  Cape 
Breton  beds  of  this  age.    This  is  also  the  case  with  the  Archeeocyathinte. 
Probably  the  water  was  too  heavily  chained  with  sediment  and  too 
much  agitated  to  allow  these  to  floarisb. 

As  the  writer's  work  in  Cape  Breton  was  chiefly  palteontcJogical,  its  UMful 
value  in  relation  to  the  useful  minerals  was  chiefly  in  fixing  horizons  ™ 
where  these  occur  and  so  affording  the  means  of  tracing  them  from  one 
district  t«  another.     Some  exploration  and  digging  for  iron  ore  have  Icon  ere. 
been  mads  on  the  small  streams  that  feed  Indian  brook  from  the  north- 
The  ore  is   a   red   hematite,  and  is  in  fahlbands,  irregularly  distri- 
buted in  a  ferriferous  red  sandstone.     The  openings  exhibited  much 
lean  ore  with  some  of  better  quality.    This  ore  is  in  the  middle  division 
of  the  Etcheminian,  and  therefore  much  older  than  the  hematite  beds 
at  Qrand  Mira. 

It  was  noticed  that  the  Upper  Etcheminian  on  the  Mira  river,  in  a 
number  of  places,  consists  of  fine-grained,  compact  gray  clay-slate. 
When  Mr.  Fletcher,  in  hb  reports,  speaks  of  gray  'argillitea,'  be 
usually  means  the  fine  rocks  of  this  group,  though  sometimes  the  term 
is  applied  to  argillites  occurring  higher  in  the  Cambrian.  The  term 
is  specially  appropriate  to  the  Upper  Etcheminian,  not  only  because 
the  nature  of  the  rock  fully  meets  the  meaning  of  the  term  used,  but 
because  to  this  horizon  or  to  that  of  Frotolenus  just  above,  belong  the 
slate  qnanies  of  Trinity  bay  in  Newfoundland.  Some  of  the  slates 
of  this  age  in  the  Mira  valley  may  be  of  economic  value. 

In  the  Bretonian  or  upper  part  of  the  Cambrian  of  Cape  Breton,  no  Uioenl 
mineral  deposite  of  economic  value  are  known  to  me.     The  soft  oon-    ^""^ 
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dition  and  ready  dieuit^ratiou  of  the  rocks  of  this  ditrisiou  hare 
resulted  in  the  prodaction  of  flne  boUb,  which  add  to  the  fertility  of 
the  Mira  valley.  Withoat  this  soil  the  fanns  in  this  valley  would  be 
stooy  and  unproductive.  The  pale  buff  aoila  which  they  produce  are 
in  striking  contrast  with  the  red  soils  resallin};  from  the  degradation 
of  the  Lower  Etcheminian  rocka,  or  the  atone-ladeo  areas  covered  with 
fragments  of  the  Coldbrook  vulcanic  rocks,  or  the  still  older  Pro- 
Cambrian  syenites. 


Chkmistri  and  Mineralogy. 
Sjf  Dr.  0.  C.  Eojmann. 

In  reporting  on  the  work  done  in  these  branches  of  the  Survey's 
operations,  Dr.  Hoffmann  gays : — '  The  work  carried  out  in  the  chemi- 
cal laboratory  during  the  past  year  has  been  conducted  upon  the  same 
lines  as  those  heretofore  followed — that  is  to  say,  it  has  been  almost 
flxolnaively  confined  to  the  examination  and  analysis  of  such  minerals, 
etc.,  as  were  deemed  likely  to  prove  of  more  or  less  economic  value  and 
importance.     Briefly  summarized  it  embraced : — 

'1.  Analyses  of  fuels,  including,  amongothers,  peat  from  the  province 
of  Quebec ;  coal  from  Black  brook,  Cochrane  lake,  province  of  Nova 
Scotia,  from  DnnsinaQe,  King's  county,  province  of  New  Brunswick, 
and  from  section  ^4,  township  6,  range  23  west  of  the  fourth  principal 
meridian,  District  of  Alberta,  North-west  Territory ;  and  of  lignite 
from  Little  Bow  river,  also  in  the  district  of  Alberta. 

*  2.  Analyses  of  iron  ores  from,  among  other  places,  the  west  side  of 
Middle  river,  Victoria  county,  and  Cleveland,  Anoapulis  county,  in 
the  province  of  Nova  Scotia;  the  township  of  Sarawak,  in  Greycopnty; 
a  short  distance  north  of  the  north-east  arm  of  Lake  Temat^mi ;  Iron 
lake,  north  of  the  north-east  arm  of  Lake  Temagami ;  Turtle  lake,  north 
of  the  north-eastern  extremity  of  the  north-east  arm  of  Lake  Temagami, 
and  Michipiooten,  in  the  district  of  Algoma;  also  the  township  of 
Strange  ;  and  a  point  near  White  Fish  lake,  district  of  Thunder  Bay,  in 
the  province  of  Ontario. 

'  3.  Analyses  in  regard  to  nickel  contents  of  pyrrbotito  from  the 
townships  of  Graham  and  Dowling,  in  th«  district  of  Algoma,  province 
of  Ontario ;  and  from  Shnswap  lake,  Yale  district,  in  the  province  of 
British  Columbia. 

'  4.  Assays  for  gold  and  silver,  of  numerous  samples  of  material  from 
quartz  veins  in  the  Yukon    district,  North-west   Territory,  most    o 
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which  proved  to  b«  more  or  leas  anriferouB,  two  in  partionUr,  namely, 
one  from  a  rein  on  the  McQoesten,  at  a  point  about  120  miles  above 
its  entry  into  the  Stewart,  and  another  from  a  claim  at  the  head  of 
Victoria  gulch,  both  of  which  contained  at  the  rat«  of  over  two  ounces 
of  gold  to  the  ton  of  2,000  lbs.  Also  of  samples  of  ore  taken  at  dif- 
ereat  depths  from  a  vein  sitnate  between  the  forks  of  Five-mile  creek, 
a  stream  flowing  into  the  west  arm  of  Kootenay  lake,  and  from  other 
localities  in  the  West  Kooteoay  district  of  the  province  of  British 
Colombia.  As  likewise  of  specimens  from  a  qnartz  vein  at  Eiwagama 
lake,  sonth-east  of  Abitibi  post^  Lake  Abitibi,  id  the  province  of 
Quebec. 

'  6.  Aoaljsea  of  limestones  and  dolomites,  including  that  of  a  lime-  Limeetoii^ 
stone  from  the  twenty-sixth  lot  of  the  seventh  range  of  the  township 
of  Weedon,  Wolfe  county,  in  the  province  of  Quebec ;  and  of  a  dolo- 
mite from  near  BrookviUe  station,  St.  John  oonnty,  in  the  province  of 
New  Brunswick.  A  oontinnation  of  the  series  of  analyses  of  such  stones 
which  have  from  time  to  time  appeared  in  my  annual  reports,  in  connec- 
tion with  on  inquiry  into  their  individual  merits  for  structural  purposes, 
suitability  for  the  manufacture  of  lime  or  for  hydraulic  cement,  or 
employment  for  metallurgical  and  other  uses. 

'  6.  Analyses  of  natural  waters,  with  a  view  of  ascertaining  their  Nktural 
suitability  for  domestic  or  manufacturing  purposes,  or  possible  value 
as  remedial  agents,  from  a  well  in  the  town  of  Lunenburg,  Lunenburg 
county,  and  from  a  spring  on  the  farm  of  Angus  Cameron,  about  a 
mile  and  a-half  below  ScotsviUe,  on  the  west  side  of  Margaree  river, 
Inverness  county,  in  the  province  of  Nova  Scotia ;  from  a  spring  four 
miles  from  Andover,  on  what  is  called  the  Indian  Reserve,  Victoria 
county,  in  the  province  of  New  Brunswick  ;  from  a  boring  at  Ram-  * 

say's  Comers,  on  the  eighteenth  lot  of  the  seventh  concession  of  the 
township  of  0-loucester,  Carleton  county,  in  the  province  of  Ontario  ; 
from  a  spring  above  West  Pinchbeck,  Biske  creek,  district  of  Cariboo, 
and  from  a  spring  at  the  north  end  of  Atlin  town,  on  the  east  side  of 
Atlin  lake,  in  the  extreme  north  of  Cossiar  district,  in  the  province 
of  British  Colombia. 

'  7.  Analyses  of  some  minerals  not  previously  recognized  as  occur-  New  ininersls. 
ring  in  C&nada,  and  the  examination  of  many  others,  in  most  instances 
of  economic  importance,  from  localities  where  they  were  not  previously 
koown  to  occur,  all  of  which  will  be  referred  to  in  detail  in  my  next 
annual  report. 

*8.  Miscellaneous  examinations,  such  as  the  examination,  and,  in  ^^^H^" 
many  instances,  partial  analysis,  of  samples  of  bituminous  shale,  bog- 
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mftDganese,  clays,  oopper-ore,  graphite,  iron-ochres,  marls,  river  sands 
tor  gold  and  platiDttm ;  silts,  and  other  material  not  iacloded  under 
the  preceding  headings. 

'  In  addition  to  the  work  already  ontfined,  a  very  large  number  ot 
mineral  specimens,  seven  hundred  and  five,  have  been  received,  during 
the  period  in  question,  for  ideatiticatioii  or  analysis,  or  the  obtAining 
of  information  in  regard  to  their  economic  value.  Of  these,  very 
iDany  were  brought  by  visitors ;  the  greater  number,  however,  were 
received  from  residents  in  more  or  less  distant  parte  of  the  Dominion. 
The  information  required  in  regard  to  those  specimens  which  were 
brought  by  visitors,  was  not  infrequently  commnnicated  to  them  at  the 
time  of  their  calling,  or  failing  that,  owing  to  a  more  than  mere  cursory 
examination  being  necessary,  or  when  a  partial  or  even  complete 
analysis  was  considered  desirable,  it  wai)  subsequently  conveyed  to 
them  by  letter ;  whilst  that  sought  for  in  regard  to  those  sent  from  a 
distance,  was  also,  necessarily  communicated  by  mail. 

'  The  number  of  letters  personally  written,  in  connection  with  the 
work  just  referred  to,  and  which  were  mostly  of  the  nature  of  reports 
embodying  the  results  of  the  examination,  analysis  or  assay,  as  the 
case  might  be,  amounted  to  three  hundred  and  twenty-tour,  whilst  the 
number  of  those  received  amounted  to  one  hundred  and  twenty-eight 

'  My  annual  report,  giving  a  detailed  acoount  of  the  chemical  and 
mineralogical  work,  briefiy  referred  to  in  my  summary  report  for  last 
year,  has  been  written,  passed  through  the  press  and  is  now  in  the 
bands  of  the  binder. 

'  Messrs.  R.  A.  A.  Johnston  and  F.  G.  Wait,  assistants  in  the  labora- 
tory, have,  as  a  result  of  the  interest  teken  by  them  in  their  work,  and 
their  great  assiduity,  accomplished  &  large  amount  of  work,  and  proved 
most  efficient  aids.     Of  these, — 

'Mr.  Johnston  has  carried  out  a  series  of  gold  and  silver  assays,  made 
many  important  mineral  analyses,  and  also  conducted  a  greab  variety 
of  miscellaneous  examinations.  Of  the  mineral  analyses  made  by  him, 
one,  in  particular,  calls  for  special  mention,  namely  that  of  a  mineral 
containing  a  large  percentage  of  chromium  which  has  recently  been 
found  in  considerable  quantity  in  the  district  of  Lillooet,  province  of 
British  Colombia.  He  has  also  recogaiznd  among  some  mineral  speci- 
mens received  for  identification,  a  compact  massive  form  of  datolit«,  a 
mineral  which  had  hitherto  been  met  with  in  but  one  locality  in  Canada ; 
and  he  has  likewise  identified,  in  some  small  crystals,  occurring  in 
specimens  of  a  vein-stone  collected  by  Mr.  Broadbent,  and    to   which 
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my  attention  was  drawn  b^  the  latter,  the  mineral  faajaaite,  ft  species 
which  had  not  preTioosly  been  found  in  the  Dominion. 

'  Mr.  Wait  has  made  a  number  of  water  analyses,  an&lyses  of  iron  Mr.  Wait's 
ores,  manganeee  ores,  limestones  and  dolomites,  &c,  and  also  conducted 
many  misoellaneons  examinations.  Among  the  waters  examined  by 
him  was  one  of  particular  interest,  in  whatever  light  r^arded,  namely, 
that  from  a  spriug  at  the  north  end  of  Atlin  town,  on  the  east  side  of 
AtUn  lake,  Cassiar  district,  in  the  province  of  British  Columbia.  This 
water  which  was  very  carefully  and  most  obligingly  collected  and  fur- 
Dished  by  Mr.  W.  J.  B.  Pinder,  of  Atlin,  has  been  shown  by  the  exhaos- 
tive  analysis  of  Mr.  Wait  to  oontaia — disregarding  for  present  purposes 
the  constituents  occurring  in  minor  quantity — as  much  as  433*48  grains 
of  bicarbonate  of  magneeia  in  an  imperial  gallon.  There  can  be  little 
doubt  but  that  it  is  tu  this  and  similar  springs  that  the  extensive 
deposits  of  hydromagnesite  occurring  at  the  back  of  Atlin  town  site, 
owe  their  origin.  The  material  of  these  deposits,  as  likewise  the  water 
itself  will,  moet  probably,  in  the  near  future,  receive  th^  attention 
they  deserve. 

'  In  the  work  connected  with  the  mineralogical  section  of  the  Mr.  Broad- 
museum,  I  have,  as  heretofore,  been  ably  assisted  by  Mr.  R.  L.  Broad- 
bent,  who  has,  apart  from  the  general  museum  work — which  includes 
the  labelling  and  cataloguing  of  all  newly  received  specimens,  and  the 
maintenance  of  the  collection  generally,  in  an  orderly  condition, — 
arranged  and  catalogued  the  oollection  of  foreign  minerals,  which  now 
comprises  some  fire  hundred  specimens.  He  also  spent  some  time  in  the 
field  for  the  parpose  of  oollecting  cabinet  specimens  for  the  museum, 
and  others  for  Mr.  Willimotfs  use  in  making  up  collections  for  distri- 
bution to  Canadian  educational  institutions.  With  this  object  iu  view, 
he  visited  several  localities  in  the  townships  of  Fortlaud  East,  and 
Derry,  in  Ottawa  county,  province  of  Quebec  ;  those  of  Madoc,  Mar- 
mora lake,  and  Dungannon,  in  Hastings  county,  and  that  of  Bagot,  in 
Renfrew  county,  in  the  province  of  Ontario.  He  made  it  a  special 
point  to  visit  the  locality  of  occurrence  of  the  datolite — the  mineral 
previously  referred  to,  and  succeeded  in  collecting  a  fine  series  of  speci- 
mens of  the  same  and  its  mineral  associations.  On  handing  these  to 
me,  he  drew  my  attention  to  some  small  crystals  which  be  bad  observed 
OD  some  them.  These  crystals  were  subsequently  examined  and,  as 
already  stated,  identified  by  Mr.  Johnston  as  the  somewhat  rare 
mineral  fanjasite — a  species  new  to  Canada.  Among  other  spec!-  Fnujuite. 
mens  collected  by  Mr.  Broadbent,  may,  in  addition  to  the  foregoing, 
be  more  particularly  mentioned,  some  interesting  specimens  of  native 
antimony — a  mineral  not  previously  met  with  in  Ontario,    from   the 
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township  of  Madoc,  and  some  good  speclmeos  of  crystallized  malachite, 
from  the  tovnsbip  of  Dung&anon.  The  minerals  collected  by  him 
oom  prised : 

Specimeiu.  Weight. 

470  poands. 


Andradite 

IHtolite 

120 

6 

Flliorite 

100 

G«phite   

12 

Henutite 

Limestone.; 

Litbognphic  Btooe 

Malachite 

6 

Native  antimony 

!W 

Perthite. 

•£&, 

Phlogopit*-. 

»0« 

Tounnsline 

35 

12 

Addition!  to 

lithol. 

durioft  the  past  year,  embraced  ; — 


(A.)  Colieeled  by  nu-mbem  of  ihe  Haffor  others  engaged  in  field-vxirk  in 
connection  with  (Ae  Swvet/  : — 

Bailey,  Professr  L.  W.  :— 

a.  Eighteen  fragments  of  material  referred  to  as  copper  ore,  from 

B.  pit  at  Chester,  Albert  county,  N.B. 

b.  Fourteen  fragment  of  material  from  the  Colonial  copper  mine, 

near  Dorchester,  Westmoreland  county,  N.B. 

c.  Two    fragments    of    cordaite    shale    from    two   miles  above 

Dalhousie,  Restigouohe  uounty,  N.B. 

Bariow,  Dr.  A.  E.  r— 

a.  Danaite  from  the  township  of  Graham,  district  of  Algoma,  0. 

6.  Corundum  from  the  township  of  Raglan,  Renfrew  ooanty,  0. 
Johnston,  J.  F.  E.  :— 

IVlolybdenite  and  bismnthinite  from  Lake  Kewagama,  Q. 
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MoConnell,  R.  G.  :—  .^"^  *" 

'  toe  mmsum. 

a.  A  specimen  of  ubmtifona  aotinolite  from  the  Klondike  river, 

Yukon  district,  N.W.T. 

b.  A  specimen  of  rutile  from  Thistle  creek,  Yukon  district,  N  W.T. 

(B.J  Received  tu  preaeniatiom. 

Baj-low,  Dr.  A.  E.,  Geological  Survey : — 

Cornodum  from  Montana,  U.S. 
Bulpit,  C.  H.,  Malone,  Hastings  county,  0. : — 

Uagoetite  from  lot  17,  con.  XI.,  Marmora,  Haatings  county,  0. 
Bnrke,  D.  F.,  Port  Arthur,  O. 

Coal  from  near  Blairmore,  Crow's  Nest  Pass  Bulway,  Alberta, 
N.W.T. 

Caoada  Paint  Company,  Montreal,  Q.  : — 

Iron  ochre  from  Cap  de  la  Madelaine,  Champiain  county,  Q. 
Chambers,  B.  K,  BridgeviUe,  N.S.  :— 

a.  Barite  crystals  from  Bridgeville,  Picton  county,  N,S. 

h.  Idmonite  from  Bridgeville,  Pictou  county,  N.S. 
Craig,  B.  A.  C,  Canada  Corundnm  Company,  Toronto,  O. : — 

Twenty  samples  of  dressed  corundum  from  the  Craig  mine,  Bag- 
Ian,  Benfrew  county,  0. 

Harrison,  J.  E.,  Madoc,  O. :— 

Talc  from  Huntingdon  township,  Hastioga  county, 
Holmes,  N.  D.,  Ottawa  :— 

Mica  from  Dakota,  U.S. 
Hopkins,  W.  H.,  Hamilton.  0.  :— 

Auriferous  quartz  from  the  Mikado  mine,  Lake  of  the  Woods, 
district  of  Bainy  Biver,  O. 

Eirkgaard,  P.,  Canadian  Gold  Fields  Company,  Delora,  0. : — 

Auriferous  quartz  from  the  Florida  mine,  and  auriferous  quartz 
(Bibbon  quartz)  from  the  Last  Chance  mine,  Mogollon 
Mountains,  New  Mexico,  V.8. 
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Low,  A.  P.,  Oeologic&l  Survey,  Ottawa,  O.  : — 

a.  Soheelite,  rose  qoartz,  and  quarts  ciyBtals  from  Japan. 

6.  Pfltzita  irom  Cnlgoorlie,  West  Anatralia. 

c.  Noumeaite  aod  Oarnicrite  from  New  Caledonia. 
Moberly,  G.,  and  G.  Cameron,  Collingwood,  0.  : — 

Marl  from  lots  25  and  36,  con.  VII  and  VIII,  Flos  township. 
Simcoe  county,  O. 

Moon,  Albert,  Madoc,  O. ; — 

Speoimen  of  native  antimony  from  the  Dufferin  mine,  Msdoc, 
Hastings  county,  0. 

Morrison,  Murdoch,  Renfrew,  O.  : — 

Zircon,  from  the  township  of  Westmeath,  Renfrew  county,  O. 
McEvoy,  James,  Pernio,  B.C. : — 

ErythriCe  from  the  Crow's  Neat  branch  of  the  Canadian  Pacific 
Railway,  between  Creston  and  Kootenay  landing,  West 
Kootenay  district  B.C. 

McNaughtOD,  O.  W.,  General  Electric  Mining  Company,  Sydenham, 
0.,  per  Dr.  R.  W.  Elb  :— 
Mica  (phlogopite)  33  by  24  inches,  from  lot  11,  con.  VII,  Lough- 
borough, Frontenac  county,  0. 

Bust,  Randolph,  Port  of  Spain,  Trinidad,  West  Indies : — 
Asphalt  and  petroleum  from  Aripero,  Trinidad,  W.  I. 

Scott,  W.  D.,  Winnipeg,  Man.  :— 

Petzite  from  the  Boulder  Perseveranoe  claim,  Calgoorlie,  West 

Australia. 

Shirley,  F.  S.  Glenalmond,  Q.  — 

Mica  {phlogopite)  from  Portland  East,  Labelle  county,  Q. 
Stewart,  James,  Grande  Prairie,  B.C.  : — 

Calcareous  tufa,  actinolite,  andradite  and  tremolite 
Wallbridge,  C.  M.,  Madoo,  O.  :— 

Group  of  calcite  crystals  from  the  Wallbridge  mine,  Madoc, 
Hastings  county,  O. 
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Wioniiig,  Busb,  Glenolmond,  lAbelle  county,  Q. : —  Addition!  to 

Mica  (phlogopite)  from  the  township  of  Derry,  Labelle  connt;,  Q. 

In  addition  to  the  foiegoing,  there  has  also  been  added  to  this 
sactiou  of  the  museum  : — 

109  specimens  of  rooks,  with  microaoopic  sections,  from  the  Yukon 
district  N.W.T.,  collected  by  R.  G.  McConnell. 
56  specimens  of  rocks,  with  microscopio  sections,  from  the  A.t1in 
district,  B.C.,  collected  by  J.  0.  Gwilllm. 
236  specimens  of  rocks,  with  microscopic  sections,  from  the  East 
coast  of  Hndson  Bay,  Uhgava  distriot,  collected  by  A.  F.  Low. 
68  specimens  of  rooks,  with  microscopio  sections,  from  Great  Slave 
lake,  Uaokenzie  distriot,  collected  by  Dr.  R.  Bell  and  J.  M. 
Bell. 
15  specimens  of  rooks  from  Great  Slave  lake,  collected  by  J.  W. 
Tyrrell. 
8  specimensof  rocks  from  the  West  coast  of  Hudson  Bay,  Eeewatin 
district,  collected  by  D.  T,  Hanbury. 

'  Mr.  C,  W.  Willimott  was  eninuEed  durinir  the  early  part  of  the  Mr. 
year  tn  going  over,  arranging,  and  taking  stock  of  the  collection  of  work, 
minerals  under  his  charge  and  employed  by  him  in  the  making  up  of  Educational 
collections  for  distribution,  in  order  to  ascertain  what  further  material  collections 
it  would  be  necessary  to  procure  in  the  course  of  the  summer,  to  make 
good  deficiencies.     This  accomplished,  he  visited,  for  the  purpose  speci- 
fied, numerous  localities  in  the  townships  of  Hull,  Templeton,  Wake- 
field, Wright,  and  £gan,  in  Ottawa  county,  province  of  Quebec ;  sub- 
sequently, certain  localities  in  the  township  of  Grenville  in  Argent«ui] 
county,  Bolton  in  Brome  county,  Ascot  in  Sberbrooke  county,  Cole- 
raine  and  Thetford   in  Megantic  county,  and  Broughton  in   Beauce 
county,  in  the  province  of  Quebec ;  and  finally,  localities  on  the  East 
River  of  Fictou,  in  Pictou  county,  Farrsborough,  Partridge  Island  and 
Two  Islands,  in  Cumberland  county,  Kingsport  in  King's  county,  and 
Hantsport  and  Windsor  in  Hants  county,  in  the  province  of  Nova 
Scotia. 

'  In  the  prosecution  of  this  work  he  succeeded  in  collecting  a  large  Minerals 
and  varied  aasortroent  of  minerals.     The  same  comprised  : —  collected. 

SpecimenB.        Weight. 

Axate 2IS0poundB. 

Analcite. 80 

ArayjidJoid 200        •. 

Apatite,  orystale  in  matrix 140 

Chabadte 200 
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Chnnnic  iron  

Chrysotile  («BbeBliis} 

Chrygotile,  in  n^iiontine    ...     . 

GypwQin,  fllnvuH 

HeulandiCe 

Hornblendx  iwhiHC 

Lepidolit^ 

Limeehme 

LinKmita. 

Phlogopite. 

Picrolite. 

Qiurtz  cryBUls. 

Scapolite 

Sl««tite   

Stilbite. 

Scrontianite 350 

Toiiniialine 123 

MiscelluieouH. SO 

'In  addition  to  the  above  rainerals,  Mr.  Williniott  has  received,  for 
mabioK  up  collections : — 

Coal,  of  the  Carbon  if  eroup,  presented  b^  E.  Hargreaves,  Esq , 
Manager  of  the  Springhill  Coal  Mines,  Nova  Scotia,   200 
pounds. 
Corundum  crystals,  in  tho  matrix,  presented  by  B.  A.  C.  Craig, 
Esq.,  Canada  Corundum  Co.,  Toronto,  Ontario,  2000  ponndn. 
Gypsum,  present^  by  C.  J.  Osmon,  Esq.,  Manager  of  the  Albert 
Manufacturing  Co.,  Hillsborough,  Albert  county,  Nev  Bruns- 
wick, 300  ponnds. 
'  Prior  to  Mr.  Willimott's  leaving  for  the  Geld,  and  since  hie  return, 
he  has,  for  the  most  part,  been  engaged  in  making  up  collections  tor 
distribution  to  various  Canadian  educational  institutions.    The  fol- 
lowing is  a  list  of  those  to  which  such  collections  have  been  sent:— 

HiffhSohool,  Paradiae,  N.3 ooiuintiDg  of  100  Bpectiicns. 

Public  School,  Raioham  Centre,  O  

Waller  Street  School,  OtUwa,  O .   , 

PuWic  School,  Nelaon,  B.C 

High  School,  Gananoque,  O 

Broadway  School,  Woodstock,  N.R 

High  School,  Carleton  Place,  O . 

Nonnal  School,  LoodoD,  O 

High  School,  Wood's  Harbour,  K.S  ...     , 

Collegiate  Inatitute,  Whitby,  O 

High  Sehml,  Newraarkpt.  O 

High  School,  WestvLlle,  N.S 

Grand  Falls  Superior  School,  Gniiiil  Knll», 

High  School,  Pembroke,  O 

High  School,  Rodnpy,  O 
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'In   addition   to   which    the   nndermentioned    h&ve  been  supplied 
with  : — 

MoGibbtm,  R.  D.,  Montreal,  Q. 1  BpeoimeD. 

CoUeguW  Iiutitute,  Nkpuiee,  O 1  •• 

Guerm,  Rend,  ParU,  Jnuioe 80  n 

Wright,  W.  G,  H.wkoBbmy,  0 -       1  u 

Fisher,  Hon.  S.,  Ottew*,  0 1 


Tbb  Fboobbbs  of  Mining  in  Canada  in  1901. 
3£r.  E.  D.  Ingail,  Mining  Engineer  to  the  Department. 

In  reviewing  the  progrees  of  mining  in  Canadsi,  only  the  general  Review 
teatares  oan  be  pcnnted  out,  as  no  detailed  and  reliable  data  are  avail-  induitrr. 
able  until  after  the  close  of  the  year. 

The  gold-mining  indnatry  naturally  calls  for  attention  first,  aoconnt- 
ing  as  it  does  for  nearly  half  the  value  of  the  miner&l  product  of  the 
ooantry.  So  very  startling  developments  were  presented  during  the 
year  as  far  as  the  eastern  part  of  Canada  is  concerned.  In  Nova  Bcotia  Child. 
tJie  mines  operated  upon  the  quartz  leads  are  practically  all  long-eat«b- 
Itshed  enterprises,  and  the  industry  with  sli^jbt  fluctuations,  pursues 
year  by  year  the  even  tenor  of  its  way.  The  mining  of  the  alluvial 
gold  in  Quebec  province,  remains  still  in  abeyance.  In  Ontario  there 
is  not  much  to  note.  In  this  province  are  many  belts  of  the  rocks 
shown  as  Huroni&n  on  the  maps  of  the  Survey,  which  in  the  aggregate 
constitute  a  large  area  of  this  metalliferous  series.  As  railway  construc- 
tion makes  the  outlying  portions  of  the  province  easier  of  access,  more 
vignirous  and  thorough  search  over  these  areas  by  the  prospector  will 
doubtless  reveal  many  other  gold-bearing  veins,  no  that  future  years 
promise  to  show  a  steady  extension  of  operations  in  this  province. 
Whilst  the  output  of  gold  from  the  Yukon  placers  hardly  comes  up 
to  that  of  1900,  doubtless  other  rich  districts  will  be  found  in  future 
years  in  other  parts  of  this  extensive  country.  The  reports  of  finds 
of  rich  gravel  in  some  of  the  older  districts  of  British  Columbia,  where 
the  richer  placers  had  been  supposed  to  have  been  worked  out  years 
ago,  show  that  unexpected  discoveries  of  great  importance  may  be 
made  at  any  time  in  a  young  and  undeveloped  country  such  as  this. 
Aptart  from  the  production  of  a^old  from  the  shallower  placer  deposits, 
the  progress  in  hydraulicing,  etc.,  as  well  as  in  vein-mining,  is  steady, 
with  every  chance  of  continued  advance  in  future  years. 

The  grand  total  of  the  production  of  gold  in  Canada  owes  much 
also  to  the  operations  in  the  mining  and  smelting  of  the  pyritous  ores 
IG 
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of  Southern  British  Colnmbiai,  the  rapid  growth  of  which  in  latejeftrs 
will  have  an  important  effect. 

The  larger  proportion  of  the  copper  production  of  Canada  results 
also  from  the  operations  on  theae  deposits  of  mixed  sulphide  ores,  not 
only  in  the  diBtricta  of  East  and  West  Kootena;  and  Yale,  but  also 
in  the  coast  sections  of  British  Columbia,  and  the  largely  increased 
activity  in  this  respect  will  result  in  a  considerable  augmentation  of 
the  copper  output  of  the  oonntry,  which  result  will  be  still  further 
enhanced  by  the  growth  of  the  mining  industry  located  in  the  Sudbury 
district.  The  interest  which  has  of  late  been  taken  in  the  copper  ore 
deposits  of  the  Huronian  district  between  Brace  Mines  and  Sanlt  Ste. 
Marie,  resulting  in  the  reopening  of  the  old  mines  at  the  former  place 
and  the  exploitation  of  similar  deposits  in  the  surrounding  district, 
is  an  interesting  feature  of  the  present  copper  situation.  The  long- 
established  mines  in  the  Eastern  Townships  of  Quebec  prorince  can 
be  reckoned  on  as  constant  contributors,  and  word  comes  to  hand 
as  to  increased  interest  and  activity  in  exploration  in  the  Maritime 
provinces.  Taken  as  a  whole,  the  copper  industry  of  the  Dominion 
has  exhibited  many  satisfactory  features  which  should  show  when  the 
figures  of  production  become  available  later. 

The  nickel  industry  of  Sudbury  district  has  also  many  encouraging 
features  to  record.  The  inauguration  of  the  works  of  the  Mont^Co., 
of  the  Nickel-Copper  Ca  of  Hamilton,  and  of  the  Orford  Copper  Co. 
give  evidence  of  the  general  prosperity,  resulting  in  greater  activity  in 
smelting  aa  well  as  in  mining  and  prospecting. 

Unfortunately  the  lead  industry,  which,  with  the  exception  of  small 
amounts  produced  in  the  east,  is  practically  confined  to  British  Colum- 
bia, has  suffered  a  considerable  set-back.  The  operators  of  the  Slocan 
and  other  galena  mines  in  the  south-western  part  of  the  province  have 
found  themselves  largely  debarred  from  their  chief  market  in  the 
United  States,  owing,  it  is  said,  to  ditSculties  regarding  freight  and 
smelter  rates,  so  that  production  of  this  metal  will  have  suffered  a  very 
considerable  falling  off.  The  authorization  of  the  payment  of  a  bounty 
by  the  Dominion  Oovemment  for  the  next  five  years  on  all  lead  refined 
in  Canada  from  materials  produced  in  Canadian  smelters  from  Cana- 
dian lead  ores,  may  perhaps  lead  to  the  installation  in  the  country  of 
works  for  this  purpose  and  so  relieve  the  situation  by  rendering  the 
home  mines  independent  in  this  respect.  The  price  of  lead  also  has 
been  somewhat  lower  than  the  average  for  1900,  tending  to  further 
depress  the  situation. 
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Ab  Bnah  a  large  proportion  of  the  silver  production  of  the  country  Is  Silviir. 
represented  by  that  contained  in  the  argentiferous  galena  mined  in 
British  Columbia,  the  depresaioa  in  the  lead  industry  will  also  afiecc 
the  output  of  stiver. 

One  of  the  moat  hopeful  features  of  the  progrees  of  the  miner&l  Coa]  and  inm. 
industry  during  1901  is  to  be  found  in  the  advance  which  has  been 
mode  in  the  important  branchea  of  coal  and  of  iron  mining  and 
imelling.  The  new  departure  made  at  Sydney,  Nova  Scotia,  in  the 
inaugurfttion  of  the  two  large  iron  and  steel  plants  of  the  Dominion 
Iron  and  Steel  Company  and  the  Nova  Scotia  Steel  and  Coal  Company  DeTelopment 
respectively,  will  doubtless  lead  to  moot  important  results,  not  only  in  ^^^"^7 
«nlarged  mining  of  ooal  and  the  making  of  coke  for  consumption  in  the 
iron  works,  but  also  doubtless  in  the  establishment  of  other  important 
acoessory  industries,  such  as  ship-j'arda,  bridge  works,  &c.  All  over 
the  country,  increased  interest  has  been  shown  in  the  question  of  our 
resources  in  iron  oree,  and  even  in  British  Columbia,  where  iron  has 
been  quite  an  unimportant  factor  in  the  past,  much  greater  attention 
is  being  paid  to  exploration  for  these  ores.  The  opening  up  of  the 
Crows  Nest  Pass  coal  fields  and  the  considerable  enlargements  made 
and  ooDtemplated  in  the  coking  plauts  of  the  iXHiipaniea  operating 
them,  is  a  fact  of  the  greatest  importance,  especially  to  the  smelter 
interests  already  established  or  about  to  be  inaugurated  in  the  west, 
anS  we  may  look  forward  to  the  opening  up  of  yet  other  areas  of 
Cretaceoas  coal  in  this  region  as  eztenttiona  of  the  railways  bring 
them  within  the  sphero  of  working  conditions. 

An  epoch-marking  episode  is  to  be  noted  in  the  shipments  of  CwiidUn  pig 
Canadian  pig  iron  from  Cape  Breton  to  Glasgow,  Scotland,  at  prices,  it  gj^^^d. 
is  said,  admitting  of  successful  competition  there,  even  with  Scotch 
pig.  The  importance  and  promise  of  the  iron  and  cool  industries  of 
our  eastern  seaboard,  have  begun  to  attract  notice,  and  in  a  contribu- 
tion to  the  Colliery  Owirdian,  Sir  Christopher  Furness,  the  well-known 
Snglish  authority,  draws  the  attention  of  hia  countrymen  to  many 
important  features.  He  points  out  the  unexcelled  shipping  and  loading 
and  unloading  facilities  both  with  regard  to  the  ore  supply  at  the 
Newfoundland  mines  and  at  the  works  and  mines  in  Cape  Breton. 
Also,  that  the  excellent  arrangements  and  the  extensive  ase  of 
machinery  result  in  a  mnch  larger  output  per  man  and  a  much  smaller 
cost  of  production  than  is  possible  under  the  present  conditions  of  the 
British  collieries,  so  that  with  the  advantages  possessed,  '  with  two 
Hplendid  harbonrs  and  no  high  railway  rates  for  carriage  to  the  water, 
also  with  an  unlimited  supply  of  coal,  they  are  in  a  position  to  produce 
and  deliver  f.  o.  b.  at  a  figure  quite  out  of  the  question  for  any  of  our 
16* 
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oolUeries  U>  compete  with.'  He  further  ezpmses  the  opinioa  that  the 
ood  frum  this  point  wi]l  be  boand  to  enter  into  competitioD  '  with  our 
north  and  Bouth  ooontry  coal  in  the  Afediterranean  markets,'  a'wi  that 
'  This  compan;  can  deliver  coal  1  o.  b.  at  tesa  than  t1  per  ton.  The 
steel  company  will  be  able  to  make  pige  at  less  than  $6  per  ton  ;  steel 
blooms  at  leas  than  $10  per  ton,  and  steel  rails  at  about  $12.' 
Iron  smelting.  The  possibilities  o(  iron  smelting  in  the  central  parts  of  Canada  are 
bsing  demonstrated  in  the  continued  operation  of  smelters  at  Deseronto, 
Hamilton  and  Midland,  in  Ontario,  whilst  the  inaaguratiou  of  the 
contemplated  iron  and  steel  plant  at  Sault  Ste.  Marie  will  be  a  most 
important  feature  in  the  industry.  The  works  in  tbis  province  still 
use  a  very  large  proportion  of  foreign  ore,  but  the  incretised  output 
from  the  Michipicoten  district  would  seem  likely  to  inaugurate  a 
brighter  era. 

To  the  metal  and  coal-mining  industries,  already  alluded  to,  must  be 
credited  about  85  per  cent  of  the  value  of  the  total  mineral  produc- 
tion of  the  country.  Ilegardiug  the  non-metallic  mineral  output  con- 
tributing the  other  15  per  cent,  there  is  nothing  very  unusual  to 
report,  although  there  are  some  interesting  points  worthy  of  note. 
Uraphite.  After  some  years  of  depression,  the  graphite  industry  carried  on  in 

western  Quebec,  seems  to  be  in  a  fair  way  to  be  plaoed  on  a  perma- 
nent basis.  Work  was  prosecuted  at  the  deposit  at  Calumet  and  Aime 
selected  mineral  was  shipped.  The  North  American  Qraphite  Com- 
pany worked  during  most  part  of  the  year  and  shipped  a  number  of 
oar  loads  of  the  finisbed  product  of  its  mill.  It  is  hoped  that  the 
investigations  and  experiments  during  past  years,  mode  by  this  com- 
pany, have  resulted  in  such  improvements  in  the  methods  ojid  machi- 
nery for  tho  treatment  of  the  rock  that  the  difficulties  encountered  in 
the  past  will  no  longer  debar  the  development  of  the  extensive 
deposits  of  graphite-bearing  rock  of  the  vicinity.  In  Ontario,  the 
Ontario  Graphite  Company  has  been  taking  steps  to  extend  its  opera- 
tions by  erecting  a  mill  for  the  treatment  of  the  ore. 
Asbestui  and  In  asbestue,  the  mines  have  been  operated  as  usual.  The  mica  mines 
""™'  had  to  contend  with  dullness  of  the  trade  and  accompanying  low 

Natural  gut.  prices.  In  the  interlake  peninsula  of  Ontario,  as  in  past  years,  a 
number  of  bore-holes  were  put  down  in  connection  with  the  operation 
of  oil  and  gas  Gelds  and  a  few  pools  of  oil  were  thus  located.  Diffi- 
culties begin  to  be  mot  with  in  regard  to  the  supply  of  natural  gas,  the 
pressure  being  said  to  have  lessened  rapidly  during  last  year  in  the 
Essex  field  and  trouble  with  water  in  the  wells  having  been  encoun- 
tered.    It  is  claimed,  however,  that  so  far  there  has  been  no  serious 
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f&tling  off  of  praasara  in  the  Welluid  field.     An  effort  ia  being  niMie 

by  the  Provinoia]  Governineiit  to  pravKnt  the  export  of  this  fuel  to 

the  United  States,  vhere  moot  of  it  hea  eo  fer  been  oonaamed,  bat 

without  encoeee  so  far,  owing  to  legal  difficultiee  encouatered  in  trying 

to  apply  the  law.'*     Thui  failure  is  regrettable,  aa  gaa  to  the  value  of  Export  of  gu. 

□early  three  million  dollara  since  the  commenoement  of  the  industry, 

rating  it  at  a  very  low  price  per  tbousand,  hu  been  produced,  the 

greater  part  of  which  went  to  build  up  induatriea  outaide  of  Canada, 

which  gained  very  little  proportionately  by  the  exploitation  of  thia 

mineral  asaet  of  the  country.     Some  little  attention  waa  paid  to  the 

farther  exploration  of  the  North-weat  Territories  for  gas  with  results 

which  have,  so  far,  not  transpired. 

la  the  cement  industry,  consideriible  activity  has  been  shewn  in  the  PorUand 
formation  of  new  companiea  and  the  erection  of  new  worka  for  the  °''''^*"' 
manufacture  of  Portland  cement,  chiefly  in  Ontario.     As  this  indus- 
try oatumlly  connects  closely  with  the  general  prosperity  of  the  coun- 
try ita  rapid  growth  of  late  yeara  ia  a  moat  encouraging  sign. 

The  oentral  portions  of  the  Dominion  being  unfortunately  lacking 
in  any  supply  of  coal,  the  growing  interest  taken  in  the  utilization  of 
the  large  resources  in  peat  is  of  great  importance.  At  several  pointe,  Pmt. 
works  are  in  operation  or  being  erected,  including  the  large  and  impor- 
Ui^  plant  of  the  Trent  Yalley  Peat  Company,  near  Peterborough, 
Ontario. 

It  is  gratifying  to  note  also  that  the  corundum  deposits  are  still  Corandum. 
being  developed.  The  existence  of  corundum  in  Ontario  waa  pointed 
out  some  years  ago  by  ofBcers  of  the  Geological  Survey.  The  Canada 
Corundum  Co.  worked  ita  mill  the  greater  part  of  the  year.  The  plant  is 
capable  of  turning  out  three  tons  of  pure  coruudum  per  day.  These 
operations  have  resulted  also  in  showing  that  the  material  can  be 
properly  graded.  Operations  were  also  carried  on  in  the  same  vicinity 
by  another  company,  regarding  which  no  particulars  are  to  hand. 

As  uanal,  inquiries  have  been  made  at  the  Deportment  regarding  a 
number  of  mineral  snbetances  which  ore  of  economic  value  or  are 
becoming  ao.  A  liat  of  these  has  already  been  given  in  the  first  part 
of  this  report.  Among  the  more  important  and  interesting  are  plati- 
num, felspar  and  molybdenite.  There  has  been  a  small  production  of 
platinum  in  Biitisb  Columbia  for  many  years,  but  of  late  this  has  piatinum. 
fallen  off.  It  was  obtained  in  connection  with  the  placer  washings  on 
the  Similkameen  river.  Now,  however,  that  the  demand  has  so 
1  in  December  laat.    Since  th&t  cinie  exportation  hu  been 
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increased  uid  that  the  pric«s  quoted  give  it  a  higher  vaJiie  than  gold, 
it  is  hoped  vigorous  prospecting  will  reault  and  that  further  deposits 
may  be  found.  Important  data  regarding  the  geological  conditions 
which  may  be  taken  as  indicative  of  the  most  likely  placet  to  look  for 
the  metal,  will  be  found  in  the  remarks  of  Mr.R.  Brock  in  this  report, 
and  in  the  forthcoming  advance  statement  of  this  Section  it  is  intended 
to  give  further  infonnation  bearing  on  the  subject. 
Molybdenite.  The  demand  for  molybdenite  at  good  prioea  still  keepe  up,  bo  that 
with  the  discovery  of  workable  and  accessible  deposits,  a  new  industry 
could  be  inaugurated.  This  mineral  is  of  common  occurrenoe  in  the 
Laurentian  rocks  of  Eastern  Canada  and  discoveries  are  also  reported 
from  British  Columbia.  At  no  point,  however,  has  it,  ko  far,  been 
developed  sufficiently  to  prove  its  existence  in  commercially  work- 
able quantity.  It  seems  to  occur  mostly  as  disseminated  crystals 
in  quarts  veins,  and  where  the  larger  and  thicker  foliated  crystals 
are  plentifal,  it  would  seem  that  profitable  extraction  by  crush- 
ing and  hand  picking  should  be  possible  in  view  of  the  prices 
offered,  viz.  {200  to  {260  per  ton  for  the  pure  mineral.  'With  regard 
however  to  the  class  of  ore  carrying  the  mineral  evenly  disseminated 
in  small  flakes,  as  is  so  ofton  the  case,  difficulty  would  probably  be 
experienced  in  making  an  efficient  separation  by  the  usual  methods  of 
ore-dresaing,  the  flakes  being  apt  to  float  away  with  the  lighter  gangue 
material  The  results  of  experiments  to  test  this,  which  were  made  at 
McOill  Cniversity  mining  laboratory,  are  given  in  the  Summary  Report 
of  the  Director  of  the  Geological  Survey  for  1900. 

In  the  foregoing  remarks  no  effort  has  been  made  to  give  other  than 
a  sketch  of  the  main  features  of  the  mineral  industry  of  the  country, 
viewed  as  a  whole,  for  the  year  1901.  Many  details  will  be  found  in 
the  accompanying  reportaof  thediflerent  field  officers  of  the  Survey  for 
the  various  districte,  and  in  the  full  report  of  the  Mines  Section  to  be 
published  later  in  the  year,  will  be  found  the  dutailed  statistics  and 
technology  of  each  mineral  industry. 


MaPPIHO  AMD  ENnRAVINO. 

C.  0.  Sen^cat,  Oeographer  and  Chief  Draughtsman. 

Report  of  have  the  honour  to  report  as  follows  on  the  work  carried  out' 

'™^P^"'     under  my  supervision  during  the  period  which  has  elapsed  since  Janu- 

DnuKhtaman.  ary  1,  laat.     The  staff  has  been  increased  in  number  since  June  1,  and 

at  present  ten  map-oompilers  and  draughtsmen,  including  four  field- 
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uaistanta,  who  also  attend  to  mapping  when  not  actually  employed  in  Staff, 
field  work,  are   engaged   in  compiling  and  putting  in  shape  for  publi- 
oation,  parts  of  the  field  work  and  maps  hitherto  left  in  arrear,  and  in 
attending  to  the  current  work  of  the  office. 

During  the  past  Bummer,  seTOral  of  these  men  having  been  sent  to 
the  field  as  uBual,  the  work  they  had  in  hand,  waa,  of  course,  tempor- 
arily stopped.  The  Klondike  topographical  and  geological  map  aitd 
several  sheets  of  the  Ontario  and  Nova  Sootia  series  have  thus  been 
delayed,  but  these  will  be  resumed  at  the  earliest  date  possible  and 
will  likely  be  ready  for  publication  during  the  course  of  the  winter. 

The  routine  work,  including  laying  dowo  gei^raphical  projeotions, 
correcting  proob  of  maps  and  reports,  making  tracings  and  drawings 
for  office  and  field  use,  supplying  information  to  the  librarian,  prepar- 
ing various  memoranda  in  reference  to  the  reproduction  of  maps,  en- 
gravers' accounts  and  other  subjects,  has  been  distributed  among  the 
staff  and  attended  to. 

The  assignment  of  work  has  been  as  follows  : — 

Mr.  L.  N.  Richard  has  drawn  for  reproduction  by  engraving,  the  Assigament 
Maaitou  I^ke  sheet,  No.  4,  Western  Ontario  series  ;  has  prepared  for  '^  ""^ 
lithography  the  coloured  copies  of  the  Trafalgar  and  Stellarton  sheets, 
Nos.  43  and  43,  Nova  Scotia  series.  A  list  of  place-names  covering 
the  map  of  the  Atlin  mining  district,  B.C.,  for  the  Geographic  Board 
was  made  by  him,  and  he  also  reduced  part  of  Dr.  R.  Belt's  astronomical 
observations  made  in  Baffinlaud.  During  my  absence  favm  the  office 
on  field  duties,  his  time  was  spent  in  cataloguing  maps,  making  redac- 
tions of  railway  and  other  plans  for  field  use,  supplying  information 
to  the  librarian  and  in  general  draughting  work.  He  has  now  in 
hand  the  revision  of  the  map  of  the  district  around  Bancroft,  On- 
tario. For  the  purpose  of  completing  the  wB3t«rn  portion  of  this 
sheet,  be  was  sent  on  August  16,  to  meet  Dr.  F.  D.  Adams  in  the  field, 
and  under  the  tatter's  instructions  to  make  micrometer  surveys  along 
several  roads  in  the  townships  of  Glamorgan,  Monmouth,  Cavendish 
and  Anstruther.     He  returned  to  this  office  on  September  9. 

Mr.  W.  J,  Wilson,  who  lost  year  had  accompanied  Dr.  R.  Bell,  in 
the  Michipicoten  region,  was  occupied  in  laying  down  on  the  scale  of 
publication,  the  material  gathered  for  sheets  143  and  156,  Ontario 
series,  covering  part  of  that  district.  He  also  attended  to  general 
draughting  work  required  in  the  office.  He  left  for  the  field  accom- 
panied by  Mr.  J.  F.  E.  Johnston,  under  instructions  from  the  director 
on  June  10,  and  both  returned  on  October  20.     The  above  mentioned 
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oompilation  will  be  reanmed  b;  Mr.  Wilsou  as  hood  m  he  hu  com- 
pleted hia  report  od  this  Bummer'a  work. 

Ur.  J.  F.  E.  Jobnstoa  will  coatinue  the  topographicul  mapping  of 
the  Kloodike  sheet,  wbiob  wiU  prob&bly  be  completed  and  ready  for 
pablication  before  the  end  of  the  present  calendar  year. 

Mr.E.O.  Prud'homme  has  had  charge,  as  informer  years,  of  the  maps 
held  in  stock  for  sale  and  distribution.  Besides  making  several  draw- 
ings for  office  and  field  nee,  he  has  drawn  and  lettered  for  the  engraver 
the  following  maps  and  plane,  viz.,  maps  of  the  city  of  Ottawa  and 
Ticinity  in  Ontario  and  Quebec,  and  of  tlie  Atlin  mining  district,  B.C., 
plans  of  Montague  and  Waverley  gold  districts  in  Nova  Scotia,  and 
partly  the  East  Kootenay  sheet,  B.C.  He  baa  also  spent  some  time 
in  labelling  rock  specimens,  etc.  A  series  of  diagrams  showing  the 
mineral  productions  of  Caaadi,  and  five  sketcb-mapa  of  new  explora- 
tions are  also  being  drawn  by  bim  for  photo-Hthograpbing. 

Mr.  J.  Keele  has  compiled  the  greater  part  of  sheets  119  and  132, 
Ontario  and  Quebec  aeries,  and  constructed  a  special  wait  map  of  parts 
of  the  counties  of  Frontenac,  Renfrew,  Lanark  and  Leeds,  for  the 
Pan-Amerioan  Exhibition.  This  map  was  prepared  on  the  scale  of 
two  miles  to  1  inch,  in  response  to  a  request  from  the  Kingston 
Board  of  Trade,  but  was  not,  however,  intended  for  pnblicotion. 
Mr.  Keele  was  away  on  leave  of  absence  from  February  26  to  April 
33,  and  left  for  the  field  as  assistant  to  Mr.  K.  U.  McConnell  in  the 
Klondike  region  in  the  beginning  of  June.  He  returned  to  this  office 
on  October  15  and  will  resume  bis  work  on  the  Ontario  sheets  as  soon 
as  he  shall  have  completed  the  sketch-maps  of  the  exploration  of  1901 
in  the  Yukon  district,  which  he  is  at  present  compiling  for  the  Sum- 
mary Report 

Mr.  H.  Lefebvre  continued  the  compilation  of  the  Lake  Nipigon 
sheets,  attended  to  the  cataloguing  of  maps,  plotted  sheets,  note-bosks, 
Sx.,  and  was  employed  on  general  draughting  work  until  be  left  the 
Qeological  Survey  on  April  1. 

Mr.  W.  H.  Boyd  completed  the  oompilation  of  the  geological  map 
of  Atlin  mining  district  (No.  742).  He  was  detached  toasaist  Mr.  D. 
B.  Dowling  in  the  field  from  May  till  October,  and  since  bis  return 
has  been  oocupied  in  reducing  astronomical  observations,  compiling  a 
small  iketcb-map  of  the  past  summer's  exploration  in  Keewatin  for 
publication  in  the  Summary  Report  and  in  plotting  hia  survey- 
Mr.  J.  A.  Robert,  who,  a  few  years  ago,  bad  in  this  department 
'    acquired  some  experience  m  map-oompiling  was  re-employed  and  since 
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MayTbasbennoojupiedinnMppingUr.  H.Fletcher's  surveys,  oovering 
sheets  Koe.  69  to  63  and  76  to  79,  Cttmberlaod  county,  Nova  Sootift. 

Mr.  Owen  CSullivaii  wm  nnployed  od  genend  work  from  April 
13  to  39.  He  baa  since  been  occupied  in  reducinR  and  compiling  Mr. 
E.  R.  Fftribaalt'a  surveyB  mode  in  Holif&z  coanty,  Nova  Scotis,  on 
sheets  Nob.  63,  54,  67  and  6S.  Daring  the  summer  he  was  instructed 
to  accompany  Mr.  Faribaalt  to  Nova  Sootia  and  there  to  continue  this 
work,  the  nature  of  which  required  this  officer's  personal  supervision. 
Hr.  O'SuUivan  alio  assisted  me  in  the  field  from  Jnly  18  to  August  7. 

Mr.  Paul  Frereanlt  has  been  employed  in  this  office  since  June  3. 
He  has  drawn  on  autographic  paper  for  lithography  a  series  of  thirteen 
maps  of  mines,  intended  to  illustrate  the  report  of  the  Mining  Engineer 
of  this  Department,  on  the  iron  ore  deposits  of  the  district  traversed  hy 
the  Kingston  and  Pembroke  railway,  Ontario.  He  reduced  and  trans- 
ferred from  the  Admiralty  chart,  the  coast  of  Nova  Scotia  from  Halifax 
to  St.  Margaret's  bay  for  map-sheets  Noe.  68  to  71,  the  compilation  of 
which  will  be  undertaken  at  an  early  date.  He  also  made  several 
tracings  and  reductions  of  r^lway  and  other  plans  for  field  and  office 
nse,  and  he  is  at  present  completing  the  southern  portion  of  sheet  No. 
121,  Ontario  and  Quebec,  from  Dr.  B.  W.  Ells'  surveys  made  in  1900. 

Mr.  Vincent  Perrin  has  been  employed  in  this  office  since  October 
15,  and  is  now  making  a  tracing  for  the  engraver  of  the  map  of  the 
Qrass  River  region  nori>h  of  I^ke  Winnipeg,  and  attending  to  general 
draughting  work. 

The  following  maps  have  also  been  compiled  and  drawn  by  field  Mapping  l^ 
officers  from  their  respective  surveys  : —  ""   ""^ 

Grass  river  region,  Keewatin,  scale  8  miles  to  1  inch,  by  Mr.  D.  B. 
Dow  ling. 

East  coast  of  Hudson  Bay,  Ungava,  scale  8  mites  to  1  inch,  bv  Mr. 
A.  P.  Low. 

West  Eootenay  sheet,  B.C.,  scale  4  miles  to  1  inch,  by  Mr.  W.  W. 
Leach. 

East  Kootenay  district,  B.C.,  (preliuiinary  sheet)  scale  4  miles  to  1 
inch,  by  Mr.  J.  McEvoy. 

Crows  Nest  coal-fields,  B.C.,  scale  Smiles  to  1  tnoh,  by  Mr.  J. 
McBvoy. 

Mr.  J.  M.  Bell  mapped  his  exploration  of  Great  Bear  lake  and  route 
between  this  lake  and  Great  Slave  lake,  on  a  scale  of  8  milee  to  1  inch. 
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Sim  of  BritiBh 

Columbia 


A  map  of  the  northerii  portioD  of  Labrador  peninsala,  compiled  from 
recent  explorations  and  sketches  from  Datives,  has  been  received  from 
Mr.  A.  P.  Low,  aad  will  appear  in  the  Sammary  Report  for  the  present 
year.  Although  not  publiuhed  as  b.  geological  map,  it  will  add  to  our 
knowledge  of  the  geography  of  this  almost  unexplored  region. 

The  West  Eootenay  oheet,  British  Columbia,  which  has  been  sent  in 
parts  to  the  engraver  since  1898,  has  been  completely  engraved.  Proofs 
have  been  received  and  the  geologically-coloured  copy  is  being  prepared. 
This  sheet  is  of  the  same  scale  and  covers  the  same  area  as  the  Kam- 
loops  and  Sboswap  sheets,  namely  80  miles  square. 

While  British  Columbia  is  fast  developing  its  mineral. resources,  the 
difficulty  of  accurately  mapping  the  geology  and  topography  of  its 
southern  portion  necessitates  surveys  which,  on  account  of  the  moun- 
tainous character  of  the  country,  cannot  be  made  as  quickly  as  sur- 
veys elsewhere  in  Canada,  and  the  time  spent  in  the  compilation  of 
Bucb  large  geological  sheets  is  very  considerable.  It  seems  desirable 
in  order  to  bring  them  before  tbe  public  within  reasonable  time,  that 
smaller  map-sheebs  should  be  drawn.  It  is  therefore  suggested  that 
the  size  of  the  sheets  of  the  British  Coiambia  aeries  bo  reduced  to 
one-half  their  original  area  by  drawing  an  east  and-west  line  through 
the  centre  of  each,  as  shown  on  the  accompanying  index-map.  An 
obvious  advantage  is  that  the  sheete  of  greatest  economic  importance 
coald  be  executed  first  and  published  without  delay. 

Dominion  The  engraving  of  the  eastern  half  of  the  Dominion  map  on  tbe  scale 

""'^  of  50  miles  to  1  inch,  has  been  completed,  and  the  eleven  colour-stones 

for  the  western  half  were  prepared  and  proved,  but  the  publication  of 
this  sheet  has  been  delayed  on  account  of  important  geological  informa- 
tion relating  to  the  Klondike,  Great  Bear  lake  and  Great  Slave  lake 
regions,  received  since,  and  involving  material  changes  on  several  of 
tbe  colour-atones. 
Aconmpuy  A  number  of  sketch-maps  are  being  prepared  for  publication  in  the 
'ina[iB.^^  present  Summary  Report  to  illustrate  part  of  the  progress  made  in  the 
field  during  the  past  summer.  These  maps,  although  quickly  compiled, 
are  sufficiently  accurate  to  meet  immediate  requirements  and  will 
supply  valuable  information,  pending  final  adjustment  and  compilation 
of  the  surveys  on  our  regular  serial  sheets. 

Cauloguiiig.  The  cataloguing  of  maps,  survey  records,  etc,  is  attended  to  by  the 
staff.  More  space  and  a  few  presses  and  cabinets  are  desirable,  in 
which  to  store  conveniently  the  accumulated  manoscript  maps  and 
other  records. 
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Nnmerona  0«ographic    Board   meetings  were  ftttonded  and  tista  of  Geocnphio 
place-names  ooreriDg  parts  of  tfae  Atlin,  West  ISootenay   aad  Qrass 
river  sheete  were  Bnbmitted  for  approval. 

The  publication  of  sheeU  42  to  48  and  56  to  68,  Pictou  and  Col-  FubliMtion  of 
cheater  conntiee,  N.S., — deferred  on  aoooimt  of  certain  geological  pcinta  Hhe«ta! 
requiring  final  settlement — waa  decided  upon  by  the  director  and  the 
edition  of  sheet  No.  42,  (Trafalgar  sheet)  has  been  received  from  the 
printer. 

From  July  16,  to  Augnst  7,  my  time  was  spent  in  the  field.  For- ^^d  work  by 
the  pnrpose  <d  laying  an  acoorate  base-line  on  sheets  Noa.  67,  72  and  ^^^^ 
73  of  the  Nova  Scotia  series,  upon  which  to  tie  the  detailed  snrreys  of 
Mr.  E.  R.  Faribault — which  are  now  ready  for  the  compiler — a  transit 
and  chain  line  was  run  along  the  Intercolonial  and  the  Dominion 
Atlantic  railways  from  Bedford  Basin  to  Hantsport,  oooneoting  the 
opposite  coasts  of  Nova  Scotia.  From  the  data  of  this  survey,  the 
tallowing  points  were  determined : — 


Bedford  rtatjon  (LCRy) 

Windaor  JaDctknL 

Beftver  Bank  (tation  (D.A.Ry.). 

Sooth  UDucka  st&tioD 

Mount  Uniaoke  itetion. 

Stillwater  atation. ...   .   

EUershooBB  station.   

KsTport  atatioD 

Windaor  ilation 


I*^'*>-   dS^o^. 


44  18  43 

44  47  12 

44  47  46 

44  62  10 

44  6S  29 

44  06     3 

44  66  4C 

44  67  41      61     3   26 

44  69  4»       B4      8    16 

46  4     5      94   10   40 


63  39  64 

63  SB  35 

63  41  28 

63  47  SO 

63  49  eo 

63  67  10 

64  0  26 


20°  16'  W. 

20°  37'  W. 


The  above  latitudes  and  longitndea  depend  on  the  position  of  tjie 
Halifax  navy  yard  flag  atafi  as  given  on  Admiralty  charts  Nos.  311 
and  2320. 

The  magnetic  declination  was  aeoertained  at  every  station,  but  tliose 
obeervations  only  which  were  free  from  possible  local  disturbance  are 
here  recorded. 
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Ifapa  etft,  TweDt7-eight  maps,  one  sbe«t  of  sections,  four  profiles  tatd  seven 

^  diagrams,    published  during  the  period  covered  by  this  report,  are 

t<d  below:— 


Map*.  Sectiona,  Profilea  kiid  DiagruDi. 


Yukon  DUtrict— Salmon  river  gold  BoUb— 8c»le,  2  niileB  tc 

••  Sixtj-mtlc  rivet  gold  fieldi — Scale,  6  miles 

British  CkJiiliibul^Allin  gnid  Gdda  (prolimiDsry  editions- 
Scale,  6  miles  to  1  inch. 

1'  SectionB  nf  ccial-ine«aura>,  Crow*  Neat 

coal  Helde— Scale  300  feet  to  1  ini ' 
-atin— Exploration  of  Rk wan  and  Troutrivem and 

cxnat  of  Jamee  bay^Scale,  50  milee  tol  —, 

Ungava— Sketch    maji  of    northeni   interior  of   Labrador 

peninaula— Scale,  AC  mitm  to  1  inub. 

Ontario— 13  mapa  illuHtratinfr  the  mods  of  occunenra 

iron  ore  deposits  in  eaaWrn  Ontario,  via.  : — 

Bedford  and  Glendower  mine-  Scale,  400  feet  to  1  inch . 

Knbertvilte  and  Mary  mineq— Scale,  200  feet  to  1  inch. . 

Foutnier  mine — Scalo,  200  feet  to  1  inch 

Christie  lake  mine— Scale,  200  feet  to  1  inch  

Wilbur  mine— Scale,  20tf  feet  to  1  inch 

YuiU  mine-Scale,  about  37  feet  to  1  inch 

Bluff  point  mine— Scale,  400  feet  to  1  inch 

Calabogie  niinea — Scale,  300  feet  to  1  inch 

Culhane  mine— Scale,  200  feet  to  1  inch 

Black  Bay  or  WillUuis  mine— Scale.  120  feet  to  1  inch. . 
Chaffev  and  Matthew  tninea— Scale,  GOO  feet  to  1  inch  .. 
Playfair  or  Dalhouaie  miuea- Scale,  50  feet  to  1  inch . . . 

Dc^  lake  mine — State,  50  ieet  to  1  inch  

Ontario  and  Quebec- City  of  Ottawa  and  vicinity — Scale, 
1  mile  to  1  inch. 
!■  Sketch  map  of  Lake  Abitibi  region — 

Scale,  IS  miles  tol  im'h. 
.  Scotia— Sheet  No.  42  (Stellarton  ibeet )— Scale,  1  mile 

to  ]  inch. 
I,  Mt.  Uniacke  gold  diatriet  -Scale,  2&0  feet  to 

Waverlej'  gold  district  -Scale,  260  feet  U 

n  Geological  sketch  map  of  parte  of  Hants  and 

Kinga  counties- Scale,  2  miles  to  1  inch. 

Four  piofilea  to  accompany  report  on  altitudeo,  viz. : — 

Profile  No.  1— Canadian  Pacific  R«lwaj— Montreal  to 

Winning. 
Profile  No.  2— Canadian  Pacific  Railway— Winnipeg  to 

Profile  No.  3^  Canadian  Pacific  RaU  way -Old  location 

via  Yellowhead  Pas*. 
Profile  No.  4-River  St  Lawrence  and  Great  Lakes. 

Four  index  maps— Part  of  British  Columbia,  Weateni 
Ontario,  New  Brunswick  and  part  of  Quebec,  and  Nova 
Scotia— Scale,  30  miles  to  1  inch. 

Also  (even  diigrami  sbowinff  mineral  production  of  Canada. 
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There  are  at  present  nineteen  maps  and  plana  in  the  engraver'a  Maps  in 
handa  or  in  pree«  and  about  forty  others  at  difilerent  stages  of  pro-  p™*""^ 
gross,  nine  of  vbicb  have  been  completely  compiled  and  will  aoon  be 
ready  for  the  engraver. 

The  accompanying  indez-maps,  showing  the  progress  of  the  mapping  Index  mapa. 
ap  to  date,  are  intended  to  be  distributed  with  the  List  of  Pablications. 

The  examination  and  repairing  of  the  field  instruments  bos  been  as  Field 
usual,  attended  to,  and  I  beg  to  report  that  several  micrometers,  aneroid 
barometers,  cbaina,  cameras,  prismatic  compasses  and  nearly  all  the 
compaSB-tripoda  are  practically  worn  out,  and  should  soon  be  replaced. 

Since  Januaiy  the  following  instruments  were  purchased : — 

One  cyclotomic  mountain  transit  and  tripod.  No.  14,  from  A.  Lietz 

&  Co.,  San  Francisco,  Cal. 

One  Hadley  aeztant,  No.  7,  from  Cary,  London,  Eng. 

One  Abney  level,  No.  15  "  " 

Three  prismatic  compasses,  Nos.  64,  65,  66,  from  Gary,  London. 

One  300-ft.  steel  band,  Na  22,  from  W.  4 1.  K  GurUy,  Troy,  N.Y. 

Two  66-ft.  steel  bands,  Nos.  23  and  24        "  "  ■< 

One  surveyor's  ooinpaas  and  tripod.  No.  15,  from  Keu&l  &  EsKsr, 

New  York. 

One  watch,  No.  13,  from  Henry  Birks  &  Son,  Ottawa, 

Tbe  number  of  oCGciat  letters,  memorandeL,  in.,  relating  to  map-work,  Correapon- 
sent  and  received  was  260  and  150  respectively.  ™™' 


Pal^mstoloot  and  ZooLor.y. 
Dr.  J.  F.  WhiUaveg. 


Dr.  Wbiteaves  reports  that  'the  manuscript  of  the  "Catalogue  of  Catalogue  of 
the  Afarine  Invertobrata  of  Eastern  Canada,"  commenced  in  the  fall  ^tenebnta. 
of  1899,  was  completed  in  May  last.  In  order  to  give  tbe  latest  infor- 
mation on  the  subject,  a  considerable  portion  of  tbe  manuscript  was 
rewritten  in  the  early  part  of  1901.  The  catalogue  was  published  on 
24th  of  August  last,  tbe  greater  partof  two  months  having  been  occupied 
'  in  seeing  it  through  tbe  press.  In  its  printed  form  it  consists  of  272 
pages,  large  octavo,  with  two  illustrations  in  the  text.  With  tbe 
exception  of  tbe  jelly-fishej  and  a  few  small  Crustacea,  nearly  all  the 
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species  ennmerstecl  ia  it  Are  from  the  bba  bottom,  at  various  depths, 
and  moat  of  them  were  obtained  by  dredging.  The  nomber  of  species 
of  invertebrala  from  the  seaboard  of  Eastern  Canada  south  of  the 
fitue  des  Chaleura  that  have  been  determined  or  described  up  to 
AuguHt,  1901,  would  seem  to  be  1,064,  as  follows: — 


Coelententa    . 


38 


71 

Muine  worms  (Annulou) 138 

Bnchiopod* 8 

Polyao* IIB 

MoUiuca 282 

Cnutaoea 198 

Fjcaogoaidm . , U 

Choidata. 27 


1,06 


'  As  remarked  hj  Dr.  Bell  in  his  letter  of  introduction  to  this  cata. 
logue,  "  it  is  hoped  that  the  Utter  will  act  as  a  stimulus  to  renewed 
activity  in  the  study  of  marine  zoology,  and  that  it  will  be  of  use  not 
only  to  zoologists  but  also  to  students  of  the  fossils  of  the  poet-tertiary 
deposits  of  the  eastern  portion  of  the  Dominion." 

'  The  manuscript  of  the  fifth  and  coaclndiog  part  of  the  first  Tolume 
of  "  Meaozoic  Fossils"  was  commenced  in  September(ldOl),  and  about 
fifty  pages  of  it  have  been  written.  The  part  will  probably  be  com- 
pleted and  ready  for  the  printer  early  in  the  spring.  It  is  intended 
to  consist  of  descriptions  or  identifications  of  numerous  additional 
species  or  specimens  of  fossils  from  the  Cretaceous  rocks  of  Vancouver 
and  adjacent  island':',  with  a  revision  of  the  fauna  of  these  rooks  up  to 
date.  It  will  be  based  upon  material  that  has  been  accumulated  during 
the  last  five  years,  including  1 60  specimens  of  Vancouver  Island  fossils 
recently  received  from  Mr.  Walter  Harvey,  and  about  100  from  the 
Rev.  Ct.  W.  Taylor,  all  of  which  have  been  examined  and  studied. 
m  A  paper  entitled  "  Notes  on  some  Land  and  Freeh-water  MoUusca 
from  Fort  Chtmo,  TJngava  Bay,  TJugava,"  has  been  prepared  and 
published  in  the  Ottawa  Nalwalitt  for  March,  1901.  Another  paper 
entitled  "  Note  on  a  supposed  new  species  of  Lytoctraa  from  the  Creia* 
ceouB  rocks  at  Denman  Island,  in  the  Strait  of  Georgia,"  has  been 
written  and  published  in  the  same  journal  for  May,  1901. 

'  At  the  request  of  Section  IV  of  the  Royal  Society  of  Canada,  a 
Bibliography  of  Canadian  Zoology  for  the  year  1900  has  been  compiled 
and  presented  to  the  Society,  at  its  last  meeting,  for  publication  in  its 
Transactions  for  1901. 
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'  A  collectioQ  of  exotic  sheUa  baa  been  n&med  (or  the  Muaeam  of 
Ottawa  University  uid  a  aet  of  duplicates  of  recent  CanadiAo  mariDe 
ahells,  mostly  from  the  ooaat  of  British  Columbia,  has  been  selected, 
labelled  &nd  presented  to  the  same  museum. 

'Id  all,  some  thirty-three  small  coUeotiona  from  varions  localities, 
have  been  examined  and  reported  upon  provisionally  daring  the  year, 
and  answers,  as  usual,  have  been  written  to  miiny  inquiries  for  infomia- 
tion  on  various  palKOntological  and  zoological  topics. 

'  During  Dr.  Bell's  absence  in  the  field  for  the  greater  part  of  Aug- 
ust and  September,  the  datiee  of  Acting  Director  have  devolved  upon 


'  The  following  specimens  have  been  collected  by  or  received   from  CoUaotkiai  1^ 
officers  of  the  staf^  or  employees,  during  the  year  1901 : — 

Professor  Uaooun : — 

Small  collection  of  snakes  and  batrachians  from   south-western 
Ontario. 

Dr.  E.  W.  Ells  :— 
One  hundred  nnd  four  specimens  of  fossils  from  the  Trenton  lime- 
stone at  Bear  Point,  Wolfe  island,  Ontario. 

Hugh  Fletcher : — 

Fourteen  specimens  of  a  graptolite  (Dietyonema   WebslertT)  from 
SiluriuA  slates  at  Eenbville,  N.S. 

E.  J.  MoOonnell  :— 

Bones  and  portions  of  skulls  of  biaon.  Rocky  Mountain  sheep,  ite., 
from  the  stream  gravels  on  Thistle  creek,  Yukon  territory. 


Two  specimens  of  supposed  fossils,  from  island  off  Long  island,  ten 
miles  north  of  Cape  Jones,  east  coast  of  Hudson  Bay. 


A  lai^e  ooltection  of  remains  of  dinosaurs,  turtles,  crocodiles,  fishes, 
primitive  mammals,  and  other  vertebrpita  from  tbe  Belly 
River  seriea  of  the  Red  Deer  river.  Alberta. 

W.  Mclnnes : — 
Stone  adze  or  scraper  from  the  north  side  of  Lac  Beul,  Keewatin. 
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Dr.  H.  M.  Ami  :— 

About  360  apecimena  of  Trenton  and  BUck  Hirer   fossils,    from 

the  coanties  of  Froatenao,  Addington,  Prince  Edward,  Lennox 

and  Haatiogs,  Oat. 
Several  huodred  Pleiatocene  (oBaila  from  rariona  localities  in  the 

valleys  of  the  St.  Lawrence  and  Otts«r»  rivers.    Several  fr&g- 

mente  of  pottery  from  the  shore  of  I^ke  Ontario,  in  Prince 

Edward  county. 
Twenty  specimens  of  Chazy  fossils  from  Ironsides,  F.Q. 
R,  W.  Brock  :— 

Indian  pestle  from  the  north  fork  of  Kettle  river,  B.C. 
D.  B.  Dowling  :— 

One  hundred  and  fifty  specimens  of  Silurian  fossils  from  the 

Equan  river,  Eeewstin. 
About  twenty-tive  Pleistocene  fossils  and  twelve  fresh  water  shells 

from  the  plateau  west  of  James  hay. 
Two  specimens  of  mice  from  the  valley  of  the  Equaa  river. 
J.  M.  Macoun  : — 

Four  hundred  and  forty-two  skins  of  birds  and  mammals,  and 

About  300  specimens  of  fifteen  species  of  reptiles,  batracbians, 

&c.,  from  the  Cbilliwack  river  valley,  B.C. 

W.  J.  Wilson  :— 

Twenty-five  fossils  from  the  Utica  slate  at  Ottawa. 

Fifty-nine  arrow  beads,  adzes,  pieces  of  pottery,  Sk.,  from  the  east 
end  of  the  portage  across  the  peninsula  in  I^ke  Abitibi,  five  ^ 
miles  east  of  the  outlet  of  the  lake ;  and  a  few  fresh  water 
shells  from  that  lake. 

W.  W.  Leach  :— 

Thirty-six    fossih   (plant«t,    mollasoa,    corals,    Itc.)   from   various 
localitiee  and  formations  in  the  Crows  'Seat  Pass. 

B.  A.  Daly  :— 

Sixty  fossils  from  the  Chilliwack  river  valley,  Coast  Bange,  B.C. 

Fifteen  spedmens  of  fossil  plants  from  Sumass  mountain,  B.C. 
J.  C.  Gwillim  :— 

Twenty-five  specimens  of  fussiliferoua  rocks  from  various  localities 
in  Atlin,  B.C. 
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H.  8.  Poole,  Stellarton,  N.S. :~  Collection  by 

IheaUft. 
Fifteen  speoimeos  of  fiab  teeth,  scales,  <&&,  from  roof  of  cool  seam 
at  Mill  Brook,  Fair  View,  near  Dorchester,  K.B. 
A.  UcKinnon  : — 
Tiro  recent  marine  sponges  {Damuusidon  palnuUua)  &om  Oape 
BlomidoD,  S.S. 
'  The  additioDg  to  the  pabeontological,  geolo^cal  and  ethnological  Coiieotions 


oollectiooa  daring  1901,  from  other  Bonrcea,  are  as  follows  :- 
By  presentation ; — 

(A. — Pal(KotUoi«ffy.) 
Mrs.  H.  A.  Nicholson,  Aberdeen,  Scotland  : — 

The  types  of  ten  species  of  fossil  corals,  from  the  Trenton,  Hudson 
Rirer,  Corniferoas   and    Hamilton  formations   of   Ontario, 
described  by  the  late  Professor  H.  A.  Nicholson,  with  thirteen 
microscopic  sections  illustrative  of  their  structure. 
Colonel  C.  C.  Grant,  Hamilton,  Ont..: — 
Twenty-five  specimens  of  fossils  from  the  Silurian  rocks  of  Ontario ; 
six  from  the  Niagara  chert  at  Hamilton,  and  nineteen  from 
the  Hadaon  Biver  drift  at  Winona,  Ont. 
Mrs,  Hetherington,  Oannamore,  Ont. : — 

Specimen  <^  a  fossil  coral  {Columnaria  HaUi)  from  the  Birdseye 
and  Black  river  formation  on  lot  6,  ooncession  X,  Finch. 
W.  S.  Odell,  Ottawa,  Ont  :— 

Remains  of  seal  from  marine  Pleistocene  clays  near  Ottawa. 
A  E.  Wilson,  Pemie,  B.C.  r— 

Fine  specimen  of  a  fossil  plant  from  Hosmer,  B.C. 
Rey.  G.  W.  Taylor,  Wellington,  B.C.  :— 

Sixty  specimens  of  Cretaceous  fossils,  some  of  them  new  to  science, 
from  Brennan  creek,  near  Wellington,  V.  I. 

Dr.  C.  F.  Newcombe,  Victoria,  B.C.  :— 

Specimen  of  Turrilites  C}uirlolt«n»U,  shewing  the  septation  which 
was  previously  unknown ;  and  cast  of  the  interior  of  tlie 
dorsal  surface  of  the  test  of  a  heart  urchin ;  both  from  the 
Cretaceous  rocks  of  the  Queen  Charlotte  Islands. 
17 
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-CoUeoUora  T.  J.  Pollock,  Aylmer,  P.Q.  :  — 

from  othtr 

^^nTo™-  Small  coUectioa  of  native  Fleistooeue  BbelU  from  Aylmer. 

W.  .Miloe,  Ottawa,  Ont.  :— 

Marine  PleistoceDe  shells  fraiu  a  depth  of  twenty  feet  in  the 
main   drain,   corner   of    0'Ck)nnur   and   Mubchmor  streeta, 

Ottawa. 

M.  P.  DaTia,  Sillery,  P.Q.  :— 

Koot  of  hemlock  (Tiuga  Caruuikntu)  from  PleiBtooeDe  gravels 
at  Victoria  Cove,  Sillery,  P.Q. 

Captain  ConBtmtine, N.'ff'.M.P., Dawson, Y.T. (per G. M.  Dawson) :— 
Fossil  plant  from  new  NuJatto,  Yukon  river. 

A.  H.  Taylor,  Ottawa  (per  Dr.  H.  M.  Ami)  :— 

Tooth  of  mammoth  from  the  Pleistocene  of  the  Yukon  valley 
near  Dawson,  Y.T.,  collected  by  Dr.  A.  M,  Taylor. 

J.  W.  Baldwin,  Ottawa,  Ont.  i— 

'     Specimen  of  trilobite  (TVtbrfArus)  from  the  Utica  formation  at 
New  Edinburgh. 

T.  C.  Weston,  Quebec  City,  P.Q.  :— 

Two  specimens  of  an  Orthoeerat  from  the  Black  River  limestone 
at  Lorette  falls. 

E.  W.  Kendall,  Ottawa,  Ont.  :— 

Twenty  specimens  of  marine  Pleistocene  fossils,  from  seven  miles 
north  of  Morriaburg,  Ont. 

E.  A.  Hoare,  Quebec  City,  P.Q.  {per  Dr.  Ami)  :— 

Series  of  cores  and  other  drillings  from  the  bed  of  the  St.  Law 
rence  at  Victoria  Cove,  Sillery,  on  the  site  of  the  foundation 
of  the  piers  of  the  Quebec  bridge. 

Frank  Burrows,  Joggins  Mines,  N.S. : — 

Two  pieces  of  core  of  a  oalyx  drill,  with  fossil  plants,  from  Lynx 

lake,  at  head  of  Lingan  Basin,  just  above  the  coal,  in  boring 

made  by  Mr.  Burrows,  July  13,  1901. 
Small  piece  of  shale,  with  Cordattef,  &a.,  from  Buchanan's  seam, 

supposed  to  be  the  same  rock  as  the  above. 
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{K-Zodogy.)  ftom  other 

Dr.  R.  Bell,  Ottawa  :—  Zoolopoal 

■pedmani. 
One  Bpeoimeo  each  of  the  Canadian  Porcupine,  I^BUghinfi  Oooae, 
Least  Bail,  Ptarmigan,  Bald  Eagfe  (joang),  Gerfalcon  and 
Great  Homed  Owl,  from  the  west  coast  of  Hudson  Bay. 

Rev.  G.  W.  Taylor,  Wellington,  V.  I.  :— 

Twenty-nine  marine  calcareous  sponges  and  one  silicious  sponge, 
from  Boat  Harbour,  six  miles  south  of  Nanaimo. 

Robert  Fox,  Maxwell's  Lake,  P.Q  ;  per  W.  L.  Marler  :— 

Two  pairs  of  the  Arctic  Three-toed  Woodpecker ;  one  pair  each 
of  the  Pine  Grosbeak,  Northern  Shrike,  and  white-bellied 
Nuthatch  ;  and  one  specimen  of  the  Pileated  Woodpecker. 

8.  K  Wilson,  Cascades,  P.Q.  :— 

Star-nose  Mole  {Condtflura  crUtata),  from  the  Cascades. 
J,  E.  Keays,  London,  Ont.  : — 

Set  of  three  eggs  of  the  Bed-shoulderad   Hawk  {Buteo  lineatua), 
from  near  London. 
Rev.  C.  J.  Yonng,  Sharbot  Lake,  Ont.  t— 

Set  of  three  eggs  of  the  Red-ahonldered  Hawk,  from  Leeds  Co., 
Ont. 
H.  H.  Rosa,  Medicine  Hat,  Assa.  :— 

Homed  Toad  {^Phrynoaoma  Douglani),  from  Medicine  Hat. 
Edwin  Beaapr^,  Kingston,  Ont. : — 

Set  of  four  egga  of  the  Swamp  Sparrow  {ifelospixa  Georgiana) 
with  one  Cowbird's  egg, — from  the  Cataraqui  Marah  near 
Kingston. 
E.  J.  Chamberlin,  Ottawa  : — 

Fine  specimen  of  head  of  Moose  (mounted)  with  abnormal  antlers. 
V.  V.  R^^ew,  Ottawa  ;— 

Young  loon  and  fine  male  Canvas-back  Duck  (AyOiya  vaUitneria)^ 
both  shot  at  Stanley  Island,  Sl  Lawrence  Birer. 
Messrs.  McDougall  and  Secord,  Edmonton,  N.W.T. ;  per  the  Hon. 
Clifibrd  Sifton  :— 
Two  skins  of  the  Arctic  Fox. 
171 
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Lawrence  W.  Watson,  Charlottetown,  P.B.I.:— 

Specimen  each  of  the  Black  Hare  and  Grey  Hare  from  Priaco 
Edward  Island. 

W.  M.  Antiss,  Ottawa  :— 

Specimen  of  Bninnich'u  Murre,  shot  near  Ottawa. 

(C—  Arehaoioffj/.) 
F.  Dann,  Barry'a  Bay,  Ont. ;  per  Dr.  A.  E.  Barlow  :— 

Fonr  stone  implement  from    Welshmans  Island,  Barry's  Bay, 
Renfrew  Co.,  Ont. 

W.  E.  Calvert,  Ottawa  :— 

Stone  gonge  found  on  Elgin  at.,  n 
1884. 


-  Pattersons  Creek,  August, 


Mrs.  M.  Beane-Freeman,  McLeod,  Alherta : — 

Two    '  bn&Io  atones,'  very  scarce  and  held  in  great  reverence  by 
the  aborigines  from  the  Blood  Reservation  at  Fort  McLeod. 


Artesian  Wblls,  Pat^xontologt,  AKcajKOLOOT,  Bibliogbaphibs,  Bra 
Work  by  Dr.  B.  II.  Ami. 

Dr.  H.  M.  Ami  reports  as  foUows: — '  Daring  the  earlier  part  of  the 
year  much  of  my  time  was  spent  in  office  work  :  determining  various 
ooIlectioDS  of  fossils  from  difierent  provinces  obtained  by  officers  of  the 
etaff  and  others,  with  a  view  to  aacertaining  the  precise  geological 
horizon  or  formation  to  which  they  should  be  assigned. 

'  Elxaminations  were  made  of  numerous  samples  of  drillings  and  cores 
from  wells  sunk  at  various  localities  in  Ontario  and  Quebec, 
were  prepared  in  some  instances  from  thene  logs,  giving  the 
sncceaaion  of  the  strata  traversed  and  the  geological  formations  repre- 
sented. The  wells  were  for  the  most  part  bored  for  petroleum,  natural 
gas,  salt  or  water. 

'From  lot  18,  eon.  VII,  township  of  Gloucester,  county  of  Gorleton, 
numerous  specimens  of  theiMre  of  a  diamond  drill  in  "Well  No.  1," 
near  Ramsaya  Corners,  were  sent  to  the  department  for  examination. 
The  Pleistocene  formation  in   the   district  reached  a  thickness  of  204 
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feet,  while  the  Lorraiae  formatioD,  oooBisting  of  fine-graiaed  ulioioua 
mndstonee  and  shales  with  here  and  there  a  thin  oaloareoos  band,  was 
fonnd  to  he  much  thicker  than  shown  in  any  prenotu  records  in  the 
department.  Kotee  on  the  fossils  detected  in  the  cores  of  drillings  at 
different  depths  were  kept  and  affijrded  satiafactory  evidenoe  npoa 
which  to  determine  the  age  and  position  of  the  strau  trareraed.  Well 
No.  1  reached  a  depth  of  469  feet,  whilst  well  No.  2,  on  lot  8,  coo.  T, 
Ridean  front,  in  the  township  of  Qloucester,  was  drilled  to  a  depth  of 
460  feet,  and  the  tTtica  formation,  consisting  of  black  bituminoos 
shales,  was  satisfactorily  recognized.  An  estimate  of  the  probable 
thickness  of  the  Falieozoic  sediments  in  this  vicinity  gave  1,940 
feet. 

'  Notes  on  a  series  of  drillings  from  a  deep  well  on  Concession  Poiotu,  Well  four 
four  miles  east  of  St  Gr^otre,  township  of  Becanconr,  Que.,  were  re-  gt.  Gngoiie. 
corded,  and  a  section  giving  the  succession  of  strata  at  various  depths 
prepared  from  the  materialu  sent  from  the  well  in  which  it  was  reported 
that  a  bed  of  salt,  fifty  feet  in  thickness  occurred.  No  evidence  of  the 
salt  rock  was  found.  The  drillings  consisted,  for  the  most  part,  of 
fine-grained  red  silicioos  mud,  representing  the  Medina  formation,  or 
lowest  division  of  the  Silurian  system  in  that  district.     . 

'Microscopic  sections,  numbered  2,211  to  2,215,  were  prepared  from  Micracopic 
small  chips  of  rock  occurring  in  the  drillings  sent  to  the  Geological 
Survey  for  examination  from  the  depths  of  1,633^  and  1,635  feet  re- 
spectively in  the  well  at  Hepworth,  Ontario.  Dr.  Barlow,  to  whom 
these  micro-sections  were  submitted,  describes  the  rock  as  "grit, 
chloritic  and  kaolin  material,  fine-grained  limestone  or  dolomite,  and 
arkose,"  This  rock  resembles  in  character  the  basal  series  of  strata 
underlying  the  Black  river  formation  throughout  central  Ontario  or 
lying  between  that  formation  and  the  uneven  rounded  and  worn  sur- 
faces of  the  Archtean  below. 

'  During  the  drilling  for  water  on  the  property  of  the  Ottawa  Pro- 
duce Company  in  Nioholas  street,  in  Ottawa  city,  where  the  surface 
rook,  only  a  few  feet  below  the  level  of  the  street,  consists  of  the  upper 
beds  of  the  Trenton  formation,  water  rising  to  the  surface  was  struck 
in  abundance.  It  was  ascertained  that  the  well  was  put  down  in  a 
direction  in  line'with  the  strike  of  the  folded  strata  which  may  be 
seen  at  the  south-western  slope  and  base  of  Nepean  point,  Ottawa.' 

At  the  end  of  July  Dr.  Ami  was  instructed  to  proceed  to  Kingston  Aaeist 
and  vicinity  in  order  to  assist  Dr.  Ells  in  determining  in  the  field  the 
age  of  some  of  the  rooks,  from  the  palteontological  evidence,    and  thtr 
teen  days  were  spent  on  this  work. 
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Some  obscure  fossils  oblaioed  by  Mr.  Gwillim  at  throe  looalities  in 
the  Atlio  gold  district  ia  British  Columbin,  were  examined  by  Dr.  Ami 
and  subsequently  by  Dr.  T.  W.  Stanton,  of  the  United  States  Geological 
Survey,  who  furnished  a  few  notes  on  them  for  Mr.  Gwillim's  report. 

'  Amongst  th«>  collections  obtained  during  the  past  season  are  two 
specimens  of  a  core  of  a  calyx^drill  from  Lynx  lake  at  the  head  of  the 
Lingan  basin,  just  above  tho  coal  and  21  feet  down  in  a  boring  made 
by  Mr.  Froser  Burrows.  They  exhibit  three  well-known  species  of 
fossil  plants,  characteristic  of  coal-bearing  strata  ;  Sphinopkyllum 
cuneatutn,  AlelhopUriit  Serlii  and  a  Cardiopleru. 

'  Records  of  all  the  additions  to  the  ethnological  and  archceological 
collections  have  been  made  and  the  specimens  catalogued.  Records  of 
additions  to  the  pnlteontological  collections  in  the  Museum  were  also 
kept,  aa  well  as  a  list  of  additions  to  the  series  of  sections  for  the 
microecope.  Amongst  the  Utter  is  a  series  of  foraminifeni,  &c.,  from 
boulder  clays  (glacial !)  collected  by  Dr.  Dawson  and  other  officers  of 
the  Survey  in  different  portions  of  Canada.  These  minute  organisms 
are  of  value  in  ascertaining  the  origin  of  the  boulder  claya  of  the 
North-west  Territories.  They  were  mounted  by  Joseph  Wright,  Esq.,  of 
4  Alfred  St.,  Belfast,  Ireland,  to  whom  the  department  is  underspecial 
obligations  for  their  determination  and  identili cation. 

'  Micro-sections  o'  Prof.  D,  P.  Penhollow's  new  species  of  larch 
from  the  Cburcbbridgs  well,  Manitoba,  at  the  depth  of  200  feet  in  the 
Pleistocene  of  that  provint^,  were  received  and  recorded.  The  speci- 
mens from  which  this  species  was  described  were  collected  by  Messrs. 
J.  B.  Tyrrell  and  G.  H.  Webster  in  1892. 

'  As  mentioned  in  last  year's  Summary,  through  the  kindness  of  the 
authorities  of  the  American  Museum  of  Natural  History,  New  York 
city,  this  Department  has  been  lent,  in  order  to  study  and  re-figure,  if 
necessary,  the  original  types  of  certain  species  of  Silurian  fossils  from 
the  Arisaig  coast  of  Antigonish,  Nova  Scotia.  The  Grst  consignment 
of  these  fossils  has  been  studied  and  drawn  preparatory  to  their  return 
to  the  Centra]  Park  Museum.  The  examination  of  these  types  throws 
much  light  upon  difficult  questions  in  nomenclature  and  classification 
which  have  arisen  in  the  study  of  Silurian  faunas'  from  Stooehouse, 
Moydart,  McAdam  and  Ariaaig.  From  the  light  yellow  or  buff 
weathering  fossiliferous  sandstones,  &c,  of  the  Arisaig  rocks,  as 
described  on  page  180  of  the  Summary  Report  for  1900,  the  'inter- 
stratified  bands  of  shale,'  &c.,  mentioned,  must  be  eliminated  from  the 
arenaceous  series.     These  strata  are  highly  disturbed  and  may  consti- 
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tnte  a  separatn  or  distinct  serieB  whose  ralatioDS  And  age  require  to  be 
examined  more  critically  before  a  deGnite  conclusion  may  be  reached. 

'  Further  ntudtes  have  been  made  on  additional  specimeoa  of  the 
genua  Dielyouama  from  difii^rent  localities  in  Mora  Scolia  and  Kew 
Brunswick.  Specimens  of  Dietyonema  WabtUri  from  the  highly 
inclined  and  cleaved  red  and  green  sbAles  of  King's  county,  Nova 
Scotia,  have  also  been  studied  and  notes  made  upon  them, 

'  Synopses  of  Canadian  palteontological  publications  have  been  pre- 
pared for  the  'Oeologiscbe  Centralblatt,'  at  the  request  of  Dr.  K. 
Keilhack,  Director  of  the  Oeolo^ical  Survey  of  Germany,  &c.,  and  in 
accordance  with  inatructiona  received  from  the  late  Dr.  G.  M.  Dawson. 

'  At  the  time  of  Sir  J.  W,  Dawson's  death,  a  number  of  collections  of  Survej;'a 
fossil  plants  were  in  his  hands  and  these  are  now  awaiting  determina-  {„  peter 
tion  in  the  Peter  Redpath  Museum.     These  collections  are  as  follows  :  ^^Jj 
Fossil  leaves  and  other  plant  remains  from  the  Red  Deer  and  Blind 
Man  rivers  ;  fossil  plants  from  Fort  McNeil,  British  Columbia  ;  fossil 
plants  from  various  localities  in  the  Queen  Charlotte  Islands ;  plant 
remains  from  Lytton,  B.C.,  collected  by  the  late  Dr.  G.  M.  Dawson  ; 
specimens  of  fossil  ferns  from  Skidegate  Inlet,  Queen  Charlotte  Islands, 
collected  by  the  late  Dr.  G.  M.  Dawson  and  recently  described  in  MS. 
by  Prof,  Penhallow  as  a  species  of  Oimunditeg, 

'  During  the  past  year,  a  small  collection  of  fossila  was  selecied  and  Fcesils 
sent  to  the  Museum  of  King's  College,  Windsor,  Nova  Scotia,  from  <**'"»'«<*■ 
amongst  the  duplicate  specimens  in  the  Museum,  and  a  collection  of 
about  150  specimens  of  fossils  from  the  geological  formations  of  the 
Ottawa  district  was  determined  and  sent  to  Prof.  U.  S.  Poole,  of 
Dalhouaie  University,  Halifax,  N.S. 

In  the  same  period  the  following  gapers  were  published  : — 

'  Preliminary  lists  of  the  organic  remains  occurring  in  the  various  Papers 
geological  formations  comprised  in  the  map  of  the  Ottawa  district,  in-  ^"   " 
eluding  portions  of  provinces  of  Qnebec  and  Ontario,  along  the  Ottawa 
river.'     Published  as  an  apfieudix  tn  Dr.  Ella'  report  on  the  Geology 
of  the  Ottawa  City  map. 

'  Preliminary  lista  of  the  organic  remaine  occurrring  within  the 
area  comprised  in  the  Orenville  map  sheet.'  Prepared  as  an  ^pen- 
dix  to  Dr.  Ells'  Report. 

'On  the  Geology  of  the  Principal  Cities  in  Extern  Canada.' 
containing  descriptions  of  the  various  systems,  formations,  charac- 
teristics   fossils,    etc.,    arranged    in    tabular    form   for   the  cities   of 
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St.   John,  Qoebec,  Montreal,  Ottawa  and  Toronto.      Trans.    Royal 
Society  of  Canada,  2nd  series,  Vol.  6,  Sec.  IV,  pp.  125-173. 

'On  a  nev  or  hitherto  unrecognized  geological  formation  in  the 
Devonian  system  of  Canada.'  Published  in  the  Canadian  Reoord  of 
Science,  Yol.  8,  No.  B,  pp.  296-306,  January,  1901. 

'  Knoydart  Formation  of  Nova  Scotia.'  (Read  before  the  Geologi- 
cal Society  of  America,  Albany,  N.Y.)  Published  in  Bull.  Geological 
Society  Amerioa,  Tol.  12,  pp.  301-31:!,  PI.  26,  August,  1901, 
Rochester,  N.Y. 

'  Description  of  neir  tracks  or  trails  made  by  some  fish-like  organism 
from  the  fine-grained  ailicious  mudstones  of  Antigonish  county,  Nora 
Scotia.'  Read  before  the  Nova  Scotia  Institute  of  Science,  May  13, 
1901,  and  printed  in  Froc.  and  Trans.  Nova  Scotia  Inst.  Sc.,  Halifax. 
(Seaaion  1900-1901.) 

'  Stratigraphical  Note,'  containing  subdivisions  of  the  Devonian  and 
Silurian  of  the  Ariaaig  region  of  Nova  Scotia.  Published  in  Science, 
new  series,  Vol.  13,  Na  323,  pp.  394-395,  March,  1901. 

'  Notice  of  Prof.  E.  D.  Cope's  article  on  Cypbornis,  an  extinct  genus 
of  birds.'  Published  in  Canadian  Record  of  Science,  Vol.  8,  No.  6, 
pp.  331-332,  January,  1901,  Montreal. 

'  Brief  Biographical  Sketcli  of  Elkanah  Billings,'  Palceontologist  to 
the  Geological  Survey  of  Canada  from  1856-1876.  Published  in  the 
American  Geologist,  Vol.  37,  Na  &,  pp.  265-281,  May,  1901,  Minnea- 
polis, Minn. 

'  A  biographical  sketch  of  George  Mercer  Dawson.'  Published  in 
the  Ottawa  Naturalist,  Vol.  15,  No.  2,  pp.  43-52,  May,  1901,  followed 
by  '  Bibliography  of  Dr.  George  M.  Daweon,'  Vol.  15,  No.  9,  pp.  201- 
213,  December,  1901. 

'  Besides  the  above,  part  of  the  manuscript  of  a  list  of  the  fossils  of 
the  Grand  Manitonlin  and  adjoining  islands  has  been  prepared.  This 
report  is  the  result  of  a  study  of  the  palsontological  literature  of 
these  islands  and  includes  determination s  by  the  late  E.  Billings,  J. 
J.  Bigaby,  G.  Stokes,  Baron  de  Castelnau,  the  writer  and  others. 
When  completed  it  will  form  an  appendix  lo  Dr.  R.  Bell's  report  on 
the  Geology  of  the  Manitoulin  Islands  now  in  course  of  preparation. 

'  At  the  March  meeting  of  the  '  Canadian  Mining  Institute,'  held  in 
Montreal,  the  following  paper  was  read  :  '  On  the  succession  and  thick- 
ness of  the  geological  formations  in  the  gas  and  oilfields  of  Ontario.' 
The  subject-matter  in  this  paper  is  being  embodied  in  a  report  for 
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the  Depttrfanent  on  the  gu  &im1  oil  wells  of  Ootfttio  and  Quebea  At 
the  B&me  meeting,  at  the  request  of  the  ezecntive  of  the  Mining 
Institate,  I  prepared  and  read  a  biographical  notice  of  th«  late  Dr.  G. 
M.  Dawson.  A  Bibliography  of  Canadian  Geology  and  Palteoatol<^ 
during  the  year  1900,  waa  prepared  for  the  Tn^tuactiona  of  the  Royal 
Society  of  Canada.  I  have  also  supervised  the  preparation  of  the 
manuscript  of  the  Index  to  Canadian  Gf-ology  and  Faheontology  from 
my  card  catalogue  of  the  Bibhography  of  Canadian  Geology,  &c.  The 
bibliographies  of  the  following  writers  have  already  been  prepared  : — 
Sir  William  R  Logan,  Sir  Richard  Owen,  Sir  J.  William  Dawson, 
Dr.  T.  Sterry  Hunt,  Elkanah  Billings,  C.  Fred  Hartt,  I^  W.  Bsiloy, 
S.  H.  Sondder,  Dr.  G.  H.  Dawson,  H.  M.  Ami. 

Dr.  Ami  having  already  paid  some  attention  to  the  Pleistocene  pieutocene 
geology  of  the  province  of  Quebec  and  the  valley  of  the  Ottawa  river,  ^^^  ^^1]^, 
and  also  to  the  colleotiog  of  logs  of  artesian  wells,  he  was  given  the 
following  instmctioos.  Shortly  after  receiving  them,  however,  he  was 
sent,  at  the  request  of  Dr.  Ells  (as  mentioned  on  a  previous  page)  to 
awiat  him  palteontologically  in  bis  work  in  the  d  istrict  around  Kingston. 
Thirteen  days  of  his  time  were  devoted  to  that  work. 

In  order  to  do  thoroughly  the  Pleistocene  geology  of  the  areas 
mentioned  in  Dr.  Ami't  instructions,  the  time  of  one  man  for  more 
than  a  single  season  might  be  profitably  spent  and  it  was  explained  to 
him  verbally  that  he  would  only  be  expected  to  do  what  he  could  to 
obtain  as  mnoh  new  information  as  possible  to  add  to  what  we  already 
knew  of  this  interesting  subject  in  the  re^on  west  of  the  city  (d  Que- 
bec, described  in  bis  instructions. 

imTRucnoNa. 

Ottawa,  July  13,  1901. 

Dkab  Dr.  Ami. — In  the  month  of  April,  I  mentionned  to  you  that  Iiutniotioiu. 
I  wished  you  to  make  certain  original  investigations  in  the  field  in 
two  departments  of  geology  which  I  knew  were  congenial  to  your 
taste  and  inclination,  viz:  (1)  in  connection  with  the  pleistocene 
geology  of  part  of  the  province  of  Quebec  and  part  of  the  Ottawa 
valley,  and  (2)  to  collect  in  the  same  regions  the  records  of  artesian 
walk  bored  into  the  solid  rocks  in  search  of  water,  etc. 

^e  general  nature  and  the  maicw  divisions  of  the  superficial  depo- 
sits of  the  province  of  Quebec  are  described  in  the  Geology  of  Canada, 
1863.  Since  that  time  geologists  have  been  paying  much  attention  to 
pleistocene  geology  and  it  has  now  become  very  desirable  that  we 
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should  mi^e  a  more  systematic  and  complete  investigation  of  these 
deposite  than  has  hitherto  been  attempted. 

For  this  purpose,  I  wish  you  to  work  in  the  field  during  the  present 
season  on  this  subject  and  that  of  the  artesian  welb  referred  to.  The 
territory  yon  are  to  examine  extends  from  the  city  of  Quebec  up  the 
River  St  I^wrence  to  Lake  St.  Francis  (where  the  boundary  of  Onta- 
rio come»  to  the  water)  and  on  either  side  of  the  river  as  far  as  the 
high  lands  which  limit  the  area  of  the  Saxicava  sands  to  the  north-east 
and  the  south-we^t.  Try  to  map  out  in  more  detail  than  hd-s  heretofore 
been  done,  the  geographical  distribution  of  this  formation  and  also  of 
the  underlying  Leda  clay.  Also  try  to  ascertain  the  thickness  of  each 
fonnatioD  at  as  many  localities  as  posKible.  Vinit  such  localities  as  you 
may  think  likely  to  prove  of  particular  interest,  as  to  these  OF  Other 
superficial  formations  and  make  such  investigations  as  will  enable  you 
to  describe  correctly  the  phenomena  observed.  Note  the  names  of  all 
the  species  wherever  you  may  observe  the  occurrence  of  organic  remains 
in  any  of  the  surface  deposits. 

Your  work  in  the  Ottawa  valley  will  extend  from  the  mouth  of  the 
river  as  far  west  '  s  Mattawa  and  will  be  mainly  on  the  south  side, 
extending  to  the  general  line  of  the  height  of  land  of  the  St  Lawrence. 
Here  the  Le<la  clay  and  Saxicava  sand  will  also  claim  your  attention 
with  the  same  objects  as  in  the  St.  liawrence  valley.  The  work  yon 
have  already  done  in  this  district,  especially  in  connection  with  the 
organic  remains  at  Green's  Creek,  etc.,  will  be  of  much  service  to  enable 
you  to  prepare  as  full  a  report  as  possible  on  the  whole  subject 

In  both  the  St.  Lawrence  and  Ottawa  regions  you  will  also  investi- 
gate ancient  glacial  phenomena  and  all  the  evidence  connected  with 
moraines,  boulders,  drumlins,  kames,  oaars,  sand  or  gravel  plains,  old 
or  new  land  slides,  ancient  potholes,  etc. 

Wherever  you  find  distinct  evidence  of  ancient  shore  lines,  take 
their  altitude  above  the  sea  or  some  well-established  bench-mark,  or 
water  level.  As  to  boulders,  note  the  general  size  prevailing  at  any 
given  place,  whether  angular,  sub-angular  or  rounded,  composition  or 
character,  how  grouped  or  arranged  or  occurring. 

Note  what  has  been  ascertained  by  experience  as  to  the  value  or 
otherwise  of  clays  in  difierent  places  for  the  manufacture  of  brick, 
pottery,  tiles,  etc. 

Ascertain  as  much  as  possible  as  to  peat — the  areas,  position  of 
boundaries  all  around  the  bog,  depth,  quantity,  former  attempt  to 
manufacture  or  use,  reasons  of  failure,  suggestions  for  further  trials,  etc. 
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Particulars  should  be  noted  as  to  shell-marl,  infusorial  earth,  ochre, 
bog  iron,  saud  for  mouttling,  glass-making  and  any  other  substance 
that  may  be  of  value. 

Collect  as  much  information  as  possible  in  regard  to  springs,  wells 
and  underground  waters  generally  among  the  superScial  deposits. 

(2.)   Arleiian  wells. 

As  to  this  second  division  of  your  work,  try  to  ascertain  where  any 
artesian  well  has  been  or  is  being  bored.  In  each  case  obtain  the  best 
possible  'log,'  together  with  samples  of  the  cores  or  drillings.  Where 
no  regular  or  systematic  '  log '  of  the  well  has  been  preserved,  try  to 
ascertain  any  facts  you  can  about  it  from  the  most  reliable  source, 
such  as  date  of  boring,  by  whom  bored,  total  depth,  general  character 
or  rocks  penetrated,  or  any  peculiarity  connected  with  them,  auoh  as 
the  quantity  of  water  obtained,  whether  saline,  bitter,  hard,  soft,  etic. 
Inquire  as  to  any  indications  of  gae  or  petroleum. 

The  above  will  provide  an  ample  lield  and  amount  of  work  for  your 
energies  for  one  season  without  goinR  to  Gasp^,  about  which  you  spoke. 
I  expect  to  be  able  to  obtain  '  logs '  of  the  wells  which  have  been 
bored  in  this  district  from  another  source  and  you  will  therefore  not 
proceed  to  that  part  of  the  province. 

Yours  faithfully. 


H.  M.  Ami,  Esq.,  F.U.8.C.,  ic, 

Geological  Survey, 

Ottawa. 


ROBERT  BELL, 

Acting  Director, 


Entoholoqt. 
Dr.  Jamea  Fletcher. 

Dr.  James  Fletcher,  Entomologist  and  Botanist  to  the  Dominion  Report  of  Uie 
Experimental  Farms,  as  Honorary  Curator  of  the  entomological  col-     '''°'""  '*'" 
lection  in  the  museum  of  this  Department,  furnishes  the  following 
report : — 

I  have  the  honour  to  report  that  (be  entomol<^ical  collections  are 
all  in  good  condition.     A  few  additions  have  been  made,  mainly  from 
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my  own  collection.  The  most  imporUnt  of  these  ia  a  apeoimen  of  the 
very  rare  Erebia  VidUri,  Elwee.  Three  apecimecs  of  this  butterfly 
were  discovered  over  thirty  yeare  ago  somewhere  in  the  mountainB  of 
British  ColumbiA  by  a  Capt.  Vidler,  but  nothing  wan  known  as  to  the 
locality  and  date.  In  1898,  on  August  15,  I  was  fortunate  enough 
to  rediscover  the  species  on  Mount  Ch^un,  near  to  AgaSHiz,  in  the 
valley  of  the  Fraser.  Three  specimens  were  taken,  one  of  which  I 
have  hod  pleasure  in  depositing  in  the  National  Museum.  Very  few 
additions  have  come  from  the  collections  made  by  the  firld  staff  of  the 
Geological  Survey. 

1.  T  have  received  one  small  collection  made  by  Mr.  William  Mc- 
Innes  around  the  Lake  of  the  Woods  in  the  aatumti  of  1899.  These 
were  chiefly  lepidoptera  which  had  been  already  recorded  from  that 
district. 

2.  A  small  but  exceedingly  interesting  collection  was  handed  to  me 
by  Prof.  John  Macoun  for  naming,  made  on  Telon  river  in  June  and 
July,  1900.  These  apecimensboreon  the  labels 'J.  L.' but  Prof.  Macoun 
telle  me  that  they  were  collected  by  Mr.  Jaa.  Tyrrell  In  this  collection 
I  found  one  specimen  of  the  rare  Arctic  butterfly  Erebia  Host*,  Kirby, 
of  which  previously  we  had  no  specimen  in  the  collection.  There 
were  other  species  in  this  collection  which  will  be  of  use  for  the 
cabinets,  but  which  were  in  rather  poor  condition. 

3.  A  collection  of  lepidoptera,  coleopteraand  nenroptera,  was  made  by 
Mr.  Jamea  Macoun  in  June,  July  and  August,  1901,  along  the  Chilli- 
wack  river  and  at  Sumass  lake,  in  British  Columbia.  In  this  collec- 
tion was  one  much  damaged  specimen  of  the  rare  Erebia  Vidleri, 
above  referred  to,  taken  at  6,000  feet  elevation  in  the  Ch^am  moun- 
tains. These  are  theonlylocalitiessofarknownforthisinsect.  Among 
the  beetles,  the  best  addition  to  the  museum  was  Paehyta  armata,  Lee., 
a  rare  and  handsome  carambycid. 

May  I  again  ask  you  to  urge  upon  the  members  of  the  staff  the 
value  to  the  museum  of  ooUeotions  of  insects,  however  small  these 
may  be,  when  exact  dates  and  localities  are  given.  As  I  have  painted 
out  previously,  if  each  party  would  bring  back  only  half  a  dozen  speci- 
mens, there  would  doubtless  be  included  in  these  every  year  valuable 
additions  to  the  national  collection.  Every  specimen  placed  in  the 
cabinets  bears  the  collector's  na^e  and  the  locality  and  date  of  cap- 
ture. Full  credit  is  also  given  every  year  in  the  report,  and  complete 
lists  are  kept  with  the  idea  at  some  future  time  of  publishing  a  sys- 
tematic catalogue  of  the  insects  of  Canada,  similar  to  Prof.  Macoun's 
invaluable  catalogues  of  plants  and  birds. 
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I  %m  quite  ftware  that  the  officers  of  the  Geological  Survey  have  s  Bxoeptioiul 
great  deal  to  do  when  in  the  field  and  that  they  bare  not  man;  facili- 
ties for  oollecting  and  oaring  for  snoh  delicate  apecimens  as  insects,  but 
their  opportunities  are  so  exceptional  and  such  good  work  has  already 
been  done  by  a  few,  such  aa  yourself,  Dr.  Geo.  Dawson,  Mesen,  John 
and  J.  U.  Maconn,  W.  Molunes,  A.  P.  Low  and  J.  MoEvoy,  that  in 
the  hope  of  indncing  others  to  do  work  of  a  similar  nature  I  beg  to 
request  yon  to  ask  all  members  of  the  Geological  Survey  staff  voricing 
in  the  field  in  new  localities  to  make  an  effort  to  bring  home  with 
them  at  least  a  few  specimens  every  year.  So  ftatter  what  these 
may  be,  there  is  sure  to  be  something  among  them  that  is  desirable, 
and  which  will  add,  not  only  to  the  mnaeum  collection,  but  to  the 
known  facts  with  regard  to  many  species  of  economic  and  scientific 
importance.  I  would  specially  request  that  attention  be  paid  to  the 
insects  which  injure  forest  trees,  and,  in  conclusion,  I  would  point  oni  JoMct* 
that  great  oare  should  be  taken  in  labelling  every  specimen  with  the  tren. 
locality  and  the  date  of  oaptare.  Lepldoptera,  nenroptera  and  hymenop- 
tera  may  be  placed  in  envelopes,  one  specimen  in  each ;  specimens  of 
orthoptera  should  each  be  rolled  in  paper,  and  ooleoptera  may  be  placed 
io  bottlee  among  sawdust  slightly  dampened  with  alcohol.  The  label 
tor  these  shonld  be  written  in  pencil  on  paper  and  placed  inside  the 
bottle  with  the  specimens. 


Dr.  John  Thorbum. 

During  the  ten  months  from  January  2,  to  October  31,  1901,  there  Discnbation 
have  been  distribn ted  8,306  publications  of  the  Geological  Survey,  com-  tions. 
prising  reports,  parte  of  reports,  special  reports  and  maps.  Of  these  4,364 
were  distributed  in  Canada ;  the  remainder,  3, 94 1 ,  were  sent  to  foreign 
countries  as  exchanges  to  universities,  scientific  and  literary  institutions 
and  to  a  number  of  individuals  engaged  in  scientific  pursuits.  Due 
care  has  been  exercised  in  the  distribution  of  our  publications,  inas- 
much as  if  all  the  applications  were  granted,  the  supply  which  is 
limited  would  soon  be  exhausted.  A  large  number  of  the  earlier  reports 
and  maps  are  now  out  of  print,  and  can  no  longer  be  supplied. 

The  sales  of  publications  during  the  above  period,  including  reports 
and  maps  numbered  3,117;  the  amount  received  for  those  being  $530.45. 

There  were  received,  as  donations  or  exchanges  2,427  publications,  Donationa 
inclndii^   reports,     transactions,    proceedings,    memoirs,    periodical?, 
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pamphlets  aad  mapa ;    beeides   which  tweoly-MTen  publicatioDS  were 
pQrchased  &ad  thirty-eeven  scientific  periodicals  were  subscribed  for. 

The  numlier  of  volumes  bound  wag  120. 

The  lette*^  received  in  connection  with  the  library  numbered  967, 
besides  744  acknowledgments  for  publicationa  sent  out. 

The  number  of  letters  sent  out  from  the  library  was  969,  besides  521 
acknowledgments  for  exchanges  and  to  persons  from  whom  publications 
were  received.       , 

There  are  now  in  the  library  by  actual  count  12,706  volumes,  besides 
a  large  and  valuable  collection  of  pamphlets. 

As  has  been  frequently  st«ted  in  former  reports,  the  space  available 
for  library  purposes  is  altogether  insufficient.  The  cases  are  filled  and 
a  large  number  of  books  are  piled  up  on  the  floor  of  the  library  and  in 
other  parts  of  the  building,  and  consequently,  it  is  often  difficult  to 
find  books  which  are  required  for  consultation  by  members  of  the  staff. 

It  may  be  stated  that  books  in  the  library  are  available  for  con- 
sultation by  persons  wishing  to  obtain  information  in  regard  to  any 
scientific  subject. 


Visitors  to  ths  Musbuh. 

e  The  number  of  visitors  to  the  mjseum  who  signed  their  names,  was 
37,895  during  the  calendar  year  1901,  being  an  increase  of  1,604  over 
the  previous  year,  but  a  large  percentage  of  the  visitors  do  not  take 
the  trouble  to  register. 


Staff,  Appropbiation,  Expbhditdrb  ahd  Cobrbspondbhcb. 

Staff,  tjb:.  The  strength  of  the  staff  at  present  employed  is  fifty-four. 

During  the  year  changes  in  the  staff  have  taken  place  by  the  death 
of  Dr.  G.  M.  Dawson,  Deputy  Head  and  Director,  and  by  the  resig- 
nation of  Messrs.  J.  C.  UwilHm,  A.  P.  Low  and  James  McEvoy. 

Messrs.  W.  W.  Leach  and  Jos.  Eeele,  science  graduates,  were 
appointed  to  the  positions  rendered  vacant  by  Messrs.  McEvoy  and 
Owillim. 
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The  fuads  avftiUble  tor  the  vork  and  the  expenditure  of  tlie  depart- 
ment during  the  fiscal  year  endioft  June  30,  1901,  were : — 


UetftiU. 

Gr«jt 

Eipe&d-ui«. 

»      CtlL 

63,900  00 
62,000  00 

t    eta. 

61,436  14 

16,992  32 
13,276  84 

1,4S9  19 
2,209  26 
14,234  27 

122,916  44 

113.877  C4 

2,463X6 
68  60 

llfi,90D  00 

115,900  00 

The  correapondence  of  the  department  shows  a  total  of  6,623  letters 
sent,  and  7,110  received. 

I  have  the  honour  to  be,  Sir, 

Your  obedient  servant, 

ROBERT  BELI* 
Acting  Dejmty  Head  and  Director. 
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Dr.  R.  Bbll,  F.R.3.,  &a.,  &o. 

Acting  Director  Geolt^c*!  Surrey 
Ott&wa: 

Sib, — ^I  b^  to  sabmit  the  foUoiring  Report  on  the  Klondike  Gold 
fields  based  on  field  work  carried  on  daring  the  isMon  of  1903.  A 
preliminarj  report  on  this  diatriot  wu  published  in  1900,  portions  of 
which  are  incorporated  in  the  present  one. 

I  hare  the  honour  to  be,  Sir, 

Your  obedient  servant^ 

R.  Q.  McC»NNELL. 
Ukolooical  Subvet  OrriCB, 
Hay  15,  190i. 
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KLONDIKE  GOLD   FIELDS 


B.   Q.   HcCOHHRLL,  B.A. 

HISTORICAL 

An  sooount  of  the  early  gold  discoveries  in  the  Upper  Yukon  ia  DiBCoveiT, 
given  by  Dr.  Dftwson  in  the  Report  of  the  Geological  Survey  for 
1887-88  pages  178-183  B  and  also  by  Mr.  Goodrich  in  the  Eighteenth 
Annual  Report  of  the  United  States  O«ological  Survey,  1896-97,  part 
ITI,  pages  103-124  and  need  not  be  repeated  here  at  length.  Briefly, 
the  existence  of  gold  un  the  Yukon  has  been  known  sinc«  1869,  at 
least.  The  first  prospector  entered  the  country,  according  to  Davsoo, 
in  1878,  aad  to  Goodrich,  in  1873.  Bar-mining  commeaced  on  the  Big 
Salmon  in  1881  and  discoveries  of  productive  bars  on  the  Lewes  Pelly 
and  Stewart  soon  followed.  The  latter  stream  proved  the  more  pro- 
ductive and  in  1885-86  was  actively  worked.  The  first  diaoovery  of 
coarse  gold  was  announced  in  1686.  The  discovery  was  made  on 
Fortymile  river  and  the  greater  part  of  the  new  field  proved  to  be  in 
Alaskan  Territory.  Further  discoveries  extended  the  producing  area 
to  streams  flowing  into  Sistymile  river  in  Canadian  Territory.  The 
Sixtymile  river  streams  continued  to  be  the  chief  producers,  until  the 
aanoonoement  in  1896  of  the  discovery  of  astonisbingly  rich  creeks  in 
the  Klondike  district  drew  most  of  the  miners  away. 

Although  the  Klondike  district  did  not  become  prominent  until 
1896,  it  was  really  discovered  two  years  earlier.  In  1894  some  miners 
working  on  the  bars  on  Indian  river  did  some  prospecting  on  Quartz 
creek  and  in  the  following  year  some  gold  was  taken  out.  Beportsdiffer 
as  to  who  made  the  Rrst  discovery  on  Quartz  creek,  several  persons 
claiming  the  honour.  In  the  winter  of  1895,  Bob  Henderson  arossed 
the  ridge  separating  Quartz  from  Hunke"  creek  and  found  gold  on 
Uoldbottom  creek,  a  tributary  of  the  latter.     He  did  some  work  on 

NoTL— Mr.  R.  G.  McConnell  hu  been  ei^jaged  in  wcwk  in  the  Klondike  district 
in  1890,  189f)  uid  1900.  In  1S90  and  1900  he  wu  unM«d  by  Mr.  .T.  F.  E.  Juhngton, 
who  hftd  charge  of  the  topographical  work.  The  toppgrkphical  map  arcompaaj'iiig 
thru  report  hat  been  ooTwtructed  by  Mr.  Johnstcoi  from  surveyi  largely  made  by 
himaelf.-R.  B. 
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tfaU  oreek  in  1896,  and  it  wu  while  retnming  from  »  nut  to  him  that 
Cnnnack  made  hia  famoas  discovery  on  Bonanza  creek,  which  led  to 
the  rapid  over-runiiing  of  the  whole  district.  Ta  1897-98  a  atraam  of 
adrenturera,  including  people  of  all  trades  and  callings,  from  all  parts 
of  the  world,  poured  into  the  country,  all  heading  for  the  Klondike. 
The  population  of  the  camp  rose  to  about  30,000  and  the  production 
increased  rapidly,  reaching  a  maximum  in  1900,  when  it  exceeded 
twenty-two  millions  of  dollars. 

Ctuoged  con-  The  discovery  of  the  Klondike  gold  fields  completely  chuiged  condi- 
tions in  the  hitherto  unorganised  and  almost  unknown  Yukon  Territory. 
The  town  of  Dawson  was  built  at  the  confluence  of  the  Yukon  and 
Klondike  riTen  and  sprang  rapidly  into  importance,  soon  saperseding 
Fortymile  as  the  chief  commercial  centre.  A  local  administration, 
with  courts  of  Justice  and  other  organizations  necessary  to  govern- 
ment, were  quickly  eetabliahed.  The  demand  for  better  transportation 
was  met  by  the  construction  of  the  White  Pass  railroad  from  tide- 
water at  the  head  of  Lynn  canal  to  the  foot  of  the  Whito  Horse 
rapids  on  the  Lewes  river,  from  which  point  oommunication  with 
Dawson  is  maintained  by  a  large  fiaet  of  well-equipped  river 
steamers.  At  the  present  time  the  trip  from  Vancouver  to  Daw- 
son can  be  made  in  comfort  in  less  than  a  week.  Other  notoble 
improvements  in  the  oondition  of  the  camp  consist  in  the  establishment 
of  tolegraphio  communication  with  the  outside  world  and  in  tbe  con- 
struction by  tba  Oovenunent  of  a  syst«m  of  roads  from  Dawson  up  all 
the  producing  creeks.  These  roada  have  proved  a  great  boon  to  the 
camp,  as  the  excessive  rates  of  early  days,  now  that  freight  can  be 
moved  on  wheels,  have  been  reduced  to  reasonable  figures,  and  compar- 
atively low-grade  gravels  on  the  distant  creeks  can  be  worked  at  a 
profit 

SXTBHT  AND   BITCATIOK   OF  TBB  KLOHDIKK  OOLD  FIELDS. 

Ares.  The  Klondike  gold  fields  are  situated  east  of  the  Yukon  rivnr  in  lati- 

tude 60°  north.  They  are  bounded  in  a  general  way  by  the  Ynkon 
river  on  the  west,  by  the  Klondike  river  on  the  north,  by  Flat  creek, 
a  tributary  of  tbe  Klondike^  and  Dominion  creek,  a  tributary  of 
Indian  river,  on  the  east,  and  by  Indian  river  on  the  south.  The  area 
included  between  these  boundaries  measures  about  800  square  miles. 
The  streams  fiowing  through  the  area  described  are  all  gold-bearing  to 
some  extent,  but  only  a  limited  number  have  proved  remunerative. 
Tbe  most  productive  streams  are  Bonanza  creek,  with  its  famous  tribu- 
tary Eldorado  creek.  Bear  creek  and  Hunker  creek  flowing  into  the 
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Klondike,  uui  Qnartz  creek  and  DominioD  oreek  with  Oold-ran  t,nd 
Sulphur  creek,  two  tribataries  of  the  latter,  flowing  into  Indian  river. 
Beaides  these,  claims  hare  been  worked  at  a  profit  on  AUgold  creek, 
» tributet;  of  Flat  creek,  and  on  Eureka,  a  tributary  of  Indian  river 
from  the  south. 

TOPOGRAPHY. 
GBNEBAI.  gUBFACB   PBATCBES. 

The  Klondike  region  is  a  t^ical  example  of  the  thoroughly  dissected  putnu 
upland.  It  forms  part  of  the  Yukon  plateau  and  old  peneplain,  °  i^^*-'- 
elevated  at  one  period  in  its  history  into  a  high  plateau  and  subse- 
quently deeply  trwiohed  by  a  multitude  of  small  streams,  tributary  to 
the  main  water  courses.  In  comparatively  recent  times,  a  seoond 
elevatory  movement  has  taken  place,  resulting  in  a  further  deepening 
of  the  valleys  of  from  fiOO  feet  to  700  feet.  Portions  of  the  old  valley- 
bottoms,  still  covered  with  heavy  aocumulatioos  of  gravel,  occur  at 
many  points,  forming  terraces  of  varying  width,  bordering  the  newer 
valleys. 

Viewed  from  a  distance,  the  Klondike  district  has  a  billy,  even 
montainons  aspect,  but  in  realii'y  consists  of  a  series  of  long  branching 
ridges,  the  summits  of  which  have  been  curved  irregularly  into  hill 
and  hollow  by  unequal  denudation.  Most  of  the  ridges  originate  at  or 
near  the  Dome,  the  topographic  centre  of  the  district,  and  the  highest 
eminence  in  it. 

The  Dome  is  situated  nineteen  miles  south-east  of  Dawson,  about  The  Dams, 
midway  between  Indian  river  and  the  Klondike.  It  has  a  height  of 
about  4,250  feet  above  the  sea,  3,050  feet  above  the  Yukon  at  Dawson 
and  about  500  feet  above  the  ridges  at  the  base.  It  is  not  conspic- 
uously higher  than  the  other  hUls  in  the  neighbourhood,  and  the 
gradual  decrease  in  height  outwards  along  the  ridges  radiating 
from  it,  is  scarcely  noticeable  to  the  eye.  The  Dome  is  the  principal 
drainage  centre  of  the  district.  From  it,  Allgold  and  Dominion  creeks 
flow  eastward.  Quartz  and  Sulphur  creeks  southward,  and  Goldbottom 
and  Hunker  creeks  northward.  The  rj^^SM  separating  these  streams, 
although  deeply  and  repeatedly  gaehed  by  tributary  valleys,  are  un- 
broken, and  it  is  possible,  starting  from  the  Dome,  to  reach  any  part  of 
the  district  without  descending  into  the  valleys.  Subordinate  drainage 
centres  occur  between  the  sources  of  Ensley  and  Nine-mile  creek,  of 
Baker  and  Boulder  creeks,  and  at  other  placeei 

The  ridges  have  an  average  elevation  above  the  valley-bottoms  of  Ridges. 
1,600  feet  and  above  the  sea  of  3,200  feet.     They  are  round  backed, 
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bnuiohing  «l«vatioaa  with  slopes  of  from  10*  to  20°.  Th«  cnat  line 
UBOftllj  follows  a  sigsag  ooarao  along  the  heads  of  tributat?  vaLleyi 
and  is  broken,  at  intervals,  by  roanded  prominences  and  bare  rocky 
points. 

The  valleys  are  flat  and  wide  io  their  lower  reaches,  but  gradually 
narrow  towards  their  heads  into  8teep«ided  narrow  galohes,  which 
terminate  abruptly  in  steep,  rounded,  cirque-like  depressions  cut  into 
die  sides  of  the  ridges.  The  valley-flats  aro  marshy,  partly  wooded, 
and  wider  on  the  Indian  river  than  on  the  Klondike  slope.  The  flats 
bordering  the  lower  parts  of  Dominion  creek  have  a  width  in  places 
of  nearly  half  a  mile. 

The  lower  slopes  of  the  valleys  are  often  conspicuously  Wrraced. 
Well-marked  rock-cut  benches,  usually  supporting  beds  of  gravel,  occur 
along  the  Yakon  and  Klondike  rivers  and  extend  for  varying  distaaceH 
up  most  of  the  creeks.  The  principal  rock  bench  has  an  elevation 
near  Dawson  of  about  300  feet  above  the  Yukon  or  1,600  feet  above 
the  sea,  while  smaller  terraces  and  rolled  gravels,  occur  up  to  a  height 
of  700  feet  above  the  valley-bottoms.  The  main  terrace  decreases  in 
height  ascending  the  Yukon  and  disappear^  near  the  mouth  of  the 
Stewart.  It  increases  in  height  down  scream  as  far  as  the  moutb  of 
Forty-mile  river,  where  it  baa  an  elevation  of  about  700  feet  above  the 
valley-bottom. 

The  Klondike  district  has  not  been  overridden  by  ioe  and  the  sur- 
faoe  rocks,  as  Is  usual  in  unglaciated  regions,  are  deeply  weathered. 
A  thick  covering  of  deoomposed  schist,  usually  intermingled  with 
slide  rock,  mantles  the  side  hills  nearly  everywhere.  On  the  ridges 
the  covering  is  less,  and  the  schists,  often  worn  into  fantastic  shapes, 
occasionally  project  above  the  surface,  or  outcrop  along  the  sides  of 
the  steeper  hills. 

Another  feature  which,  although  not  especially  connected  with  the 
topogn^hy,  may  be  referred  to  here,  is  the  permanently  frozen  con- 
dition of  the  surface.  The  thiokupss  of  the  frozen  strNtum  varies  c<m- 
siderably,  and  is  less  on  the  ridges  than  in  the  valleys,  and  on  southern 
than  on  northern  exposures.  A  shaft  sunk  on  the  ridge  south  of 
Eldorado  creek  reached  unfrozen  ground  at  a  depth  of  60  feet,  while 
one  in  the  valley  of  Eldorado  creek  was  stopped  by  running  water  at 
a  depth  of  a  little  over  200  feet.  Another  shaft  sunk  through  gravel, 
on  the  plateau  between  Bonanza  creek  and  the  Klondike  river,  passed 
through  the  frost  line  at  a  depth  of  175  feet. 
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The  soauner  htet  luts  little  effMt  on  the  fiosen  litjw  sxoept  in  the 
few  plAoee  where  the  mirfaoe  is  onproteoted  b;  mosB.  ExpoMd  gmvel 
beda  in  favourable  positions  thaw  oat  to  »  depth  of  from  six  to  ten 
feet,  bat  where  moaa  is  present,  froet  ia  aiwaya  encoantered  cloM  to 
the  Bur&ioe. 

RIVXBS  AHD  aTBKAMS. 

The  drainage  of  the  region  empties  into  the  Yakon.  Thia  great  Dntiiufte. 
stream  flows  past  the  district  with  a  width  of  over  four  hundred  yards, 
lb  divides  around  numerous  low-wooded  islands  and  shifting  bars,  and 
rons  with  a  stead;  cnrrent  of  about  five  miles  an  hour.  Ita  valley  is 
comparatively  narrow,  with  few  flata,  and  the  river,  sweeping  from 
bonk  to  bank  in  eimj  carvea,  washes  alternately  the  bases  of  the  hills 
on  either  side. 

The  Klondike  and  Indian  rivers,  wbioh  border  the  district  on  the  muh  urmihb 
nwth  and  south  respectively,  are  comparatively  smalt  streams.  Indian 
river,  formed  by  the  junction  of  the  Dominion  and  Australia  streams, 
has  a  width  of  from  twenty  to  thirty  yards  bat  is  quite  shallow,  the 
water  on  the  bars  it  summer  line  seldom  exceeding  a  few  inches  in 
depth.  The  channel  is  filled,  for  a  long  distance  below  Quarts  creek, 
with  large  angular  blocks  of  Fohist,  and  the  navigation  of  the  stream, 
even  with  small  boats,  is  difficult.  The  grade  of  the  valley  averages 
about  eighteen  feet  to  the  mile.  The  Klondike  is  a  much  larger 
stream,  having  a  width  of  from  30  to  fiO  yards.  It  is  interrupted  by 
frequent  bars  and  has  a  fall  of  from  12  to  16  feet  to  the  mile.  The 
average  flow  at  mean  level  is  about  120,000  cubic  feet  per  minute. 
Both  streams  are  inclosed  in  wide  flat-bottomed  valleys. 

The  streams  draining  the  interior  of  the  district  are  small,  seldom  Smaller 
exceeding  flfteen  feet  in  width,  even  near  their  mouths,  and  are  very  '  ^^'^"^ 
similar  in  general  character.  They  rise  in  a  multitude  of  small  branches 
high  up  on  the  tides  ol  the  ndges  and  descend  rapidly  for  the  first  few 
miles.     Farther  down,  the  inclinaljon  gradually  diminishes  and  in  the 
lower  reaches  is  usually  very  small.  The  grade  of  Dominion  and  other  • 
Indian  river  streams  doea  not  exceed  twenty-five  feet  to  the  mile,  near 
their  mouths.    The  Klondike  streams  are  somewhat  steeper,  falling 
about  forty  feet  to  the  mile. 

The  cutting  down  of  the  forest  whiob  covered  the  hillsides  before 
mining  operations  began,  and  the  burning  away  of  a  portion  of  the 
moss  has  had  considerable  effect  on  the  drainage.  The  snow,  as  a  con- 
sequence of  this,  metta  more  rapidly  and  spring  floods  result,  while,  later 
in  the  season,  the  supply  of  water  is  often  insufficient  for  sluicing 
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purpoaeB.  Sch«mM  to  imponnd  the  spring  flood  in  the  upper  unpro- 
ductive portiona  of  the  valleyB  hftve  been  propoeed,  but  nothing  hfts 
been  done  so  far  in  this  direction. 

F0BK8T. 

Foreat  tree*.  xhe  forest  trees  consist  of  white  and  blaok  apnicea,  the  aspen  and 
and  balsam  poplars  and  a  species  of  birch.  No  pine  of  fir  trees  were 
noticed.  The  lower  ridges  and  the  alopee  of  the  higher  ones  up  to  a 
height'of  3,500  feet  above, the  sea  are  generally  wooded,  and  stunted 
■prucea  occur  sparingly  on  the  highest  points  in  the  district,  The  flat 
▼alleys  are  only  partly  wooded.  Oroves  of  spruce  and  poplar  occur  at 
interTala,  but  alternate  with  bare  swamps  and  marshes  too  soft  to 
support  a  forest  growth. 

The  white  spruce  b  the  most  important  tree  for  general  purposes  in 
ibe  district.  Ic  is  usually  small  on  the  ridgee,  seldom  exceeding  a  foot 
in  diameter,  but  in  the  valley-flats  occasional  speoimeDS  attain  a 
diameter  of  over  two  feet,  and  a  large  proportion  of  the  logs  out  for 
lumber  measure  from  nine  to  fifteen  inches  across.  The  supply  for  the 
mills  at  Dawson  is  mostly  obtained  from  the  flats  and  ietands  along 
the  Upper  Yukon  and  from  the  Klondike  valley,  and  ie  ample  for  all 
purposes  for  many  years  to  come.  The  Klondike  is  bordered  at  inter- 
vals all  the  way  from  its  mouth  to  the  mountains  by  groves  and  small 
tracts  of  spruce  forest  of  surprising  size  and  quality,  considering  the 
latitude,  and  supplies  of  well-grown  spruce  timber  are  also  available 
from  all  the  large  tributaries  of  the  Upper  Yukon,  as  well  as  from  the 
main  valley,  and  can  be  easily  and  cheaply  floated  down  to  Dawson. 
GEOLOGY*. 

GB5EBAL  STATBHBMT. 

Alteration  of  Xhe  Klondike  district  and  adjoining  region  is  underlaid  by  a  complex 
of  rock  formations  ranging  in  age  through  the  greater  part  of  the 
geological  scale  and  presenting  extreme  variety  in  structure  and  com- 
position. The  region  has  been  repeatedly  broken  through  by  igneous 
intrusions  at  widely  separated  periods,  and  has  been  subjected  to  enor- 
mous presnre  from  earth  movements.  Alterations  in  the  character  of 
the  rocks  induced  by  dynamic  and  associated  metamorphic  agencies  have 
proceeded  to  an  extreme  degree.  Massive  igneous  rocks  have  been 
sheared,  granulated  and  crushed  into  finely  foliated  schists,  and  the 
elastics  in  many  cases  recrystallized  into  the  semblance  of  igneous  rocks. 
•  I»m  indebted  lo  Dr.  A.  E.  Barlow  (or  detailed  petrographical  dtwripliOMOtthe 
UtK«  Miite  of  apecimrns  collected  a*  repreaentative  of  the  varioua  rock  types  and 
foTTpationa  noticed  in  the  prexerU  report.  Thii  work  hai  been  fully  quoted  throogh- 
out  that  portion  of  thi«  report  relating  to  the  geology  knd  lithulogy. 
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Th«  oldeet  and  moat  important  formations  in  the  Klondike  distiict 
oonaiat  of  ancient  schistB,  partly  of  clastic  and  partly  ofigoeoaa  origin. 

The  southern  part  of  the  district  ia  nnderjaid  by  altered  sedimentary  Scbiata. 
rocks  now  represented  lar^ly  by  gr»yieb  and  dark  quartz  mica-schists 
and  crystalline  limestones.  These  are  bordered  on  the  north  by  a  wide 
band  of  light-coloured,  in  places  almost  whit^  sericite  acbists  alterna- 
ting occasionally  with  greenish  chloritic  schists.  These  schists 
tiave  been  derived  from  igneous,  and  largely  from  massive  igneous 
rocks.  All  the  principal  producing  creeks  occur  in  the  area  occupied 
by  them.  The  sericite  schists  and  associated  rocks  are  replaced  near 
the  month  of  the  Klondike  river  by  green  diabase  rocks  usually 
schistose  but  in  places  almost  massive.  They  are  everywhere  greatly 
altered  and,  in  Moosehide  mountain,  pass  into  serpentines.  East  of  the 
diabase  and  serpentine  area  of  Uoosehide  mountain  the  sericite  schists 
alternate  on  the  north  with  bands  of  dark  quartz  mioa-sohists,  very 
similar  to  those  bordering  them  on  the  south. 

The  old  schist  floor  of  the  district  is  penetrated  at  numerous  point-  IntniBire 
by  intraaivea  belonging  to  several  groaps.  A  massive  coarse-grained 
grayish  granite,  i-esembting  the  coast  granites,  cuts  the  sedimentary 
schists  on  the  Yukon  river  below  Indian  river.  Serpentines,  derived 
in  part,  at  least,  from  peridotites,  occur  at  several  point«  on  the  crest 
of  the  ridge  separating  Hunker  creek  from  the  Klondike,  and  numer- 
ous small,  usually  oblong,  areas  of  comparatively  recent  quartz  por- 
phyrites,  rhyolites  and  andeaitea  are  dotted  irregularly  throughout  the 
district.  Massive  diabases  occur  on  Indian  river  below  New  Zealand 
creek,  and  in  dikes  in  the  Yukon  valley  opposite  Indian  river  and  on 
Eldorado  creek.  Unaltered  sedimentary  rocks,  consisting  of  clays, 
shales,  sands,  sandstones,  tuffs  and  oonglomeratee  nearly  destitute  of 
determinable  fossils,  but  probably  Tertiary  in  age,  overlie  the  schists 
in  the  lower  part  of  the  valley  of  Last  Chance  creek,  and  in  separated 
depressions  at  several  points  around  the  outskirts  of  the  district. 
They  occur  on  the  Klondike  above  Rock  creek,  on  Indian  river  oppo- 
site the  mouth  of  Quartz  creek,  and  the  apex  of  a  wide  area  crosses 
the  Yukon  valley  below  the  mouth  of  Indian  river.  These  recent 
sedimentary  rocks  are  associated  in  every  area  with  dikes,  stocks,  and 
sheets  of  ondesite  and,  occasionally,  with  dike^  and  small  areas  of 
diabase.  / 

The  rocks  of  the  district  have  been  separated  for  purposes  of  de- 
scription into  the  following  groups  : 

SchiBta — Nasina  series,  Klondike  series,  Mooeehide  diabase. 
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Altered  Bed. 


Unaltered  taeUnuntarjf  roeka — Earl;  Tartiuy  (Renut),  Late  T«w 
tiaiy  (Flat  oreek  beds). 

Maanve  ignMut  roekt — Qranite,  diabase,  aadesitw,  qnartz  por- 
phTriea,  aerpentioe. 

XAXUTA  SERIES. 

Under  thU  head  are  included  the  old  altered  aedimentar;  rooks  of 
the  district.  These  rooks  have  been  deeoribed  under  Tarioos  names. 
They  were  first  studied  by  M.r.  J.  E.  Spurr  of  the  United  States 
Geological  Survey  in  the  Fortymile  district  north-west  of  Dawson 
in  1897.  Mr.  Spurr,  in  his  excellent  and  detailed  description  of  the 
formation,  separated  it  into  two  diviaions,  the  lower  of  whidi  be  called 
the  Birch  Creek  seriea,  and  the  upper  the  Fortymile  series. 

The  prevalence  of  marbles  in  the  upper  series  is  given  as  tbe  prin- 
cipal reason  for  the  division.  In  other  parts  of  the  Territory  where 
the  formation  has  since  been  studied  this  distinction  fails  and  it  has 
been  found  impossible  to  apply  Spurr's  two  names  with  any  accuracy. 
In  1898  Ur.  Brooks  described  what  are  evidently  the  some  rooks  on 
White  river  under  the  name  of  the  Nasina  series,  and  in  1899  the 
writer  named  them,  from  their  occurrence  on  Indian  river,  the  Indian 
River  series.  Subsequently,  the  Indian  RiTer  rocks  were  traced  into 
the  Fortymile  district  and  found  to  be  an  easterly  extension  of  the 
clastic  series  described  by  Spurr,  but  whether  of  the  upper  or  lower 
division  oould  not  be  determined.  The  name  Kotio  series  was  proposed 
by  Brooks  in  1899  as  a  general  designation  for  all  the  old  altered 
elastics  of  the  Yukon  Territory  and  Alaska.  A  term  of  this  kind, 
embracing  a  number  of  similar  formations,  is  useful  in  the  early  study 
of  a  district  but  must  eventually  be  superseded  by  more  specific 
names.  The  name  Xasina  seriea  has  priority  over  Indian  River  series 
and  has  been  adopted  by  the  writer  in  preference  to  the  two  older 
names  proposed  by  Spurr,  as  the  minerological  distinction  on  which 
these  are  baaed  is  apparently  not  persistent. 

General  character.— The  Nasina  series  consists  essentially  of  ancient 
silioeous  and  argillaceous  sediments  now  altered  into  quartzltes  and 
quartz  mica.4chiBts.  These  are  associated  in  places  with  bands  of 
green  chlorite  and  actinolite  schists  beds  and  bands  of  crystalline 
limestone.  Tbe  green  schists  represent,  in  most  cases,  basic  irruptive 
rocks,  principally  diabases  and  dio>'ites  intruded  along  the  bedding 
planes  of  the  older  formation,  and  subsequently  sheared  and  altered. 
The  limestone  beds  formed  part  of  the  original  deposit. 

While  the  rocks  of  thin  svries  ore  everywhere  altered  there  is  a  marked 
difference  in  the  degree  of  ^tafation.     In  the  least  altered  portions  t^e 
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oonatitntflQts  lutve  a  paraU«l  arrftng«m«nt,  and  ntioaa  wad  other  minsmla 
hftve  been  developed,  but  tbe  original  quartz  grtuna  are  practically  un- 
changed. In  the  moat  altered  portions,  the  roeke  have  been  oonipletely 
reeryatallized  into  flne-grained  gneiwes  difficult  to  distingnafa  from  oar- 
tain  phases  of  the  sheared  gnuitic  rocks  of  the  district.  The  principal 
field  evidence  of  their  clastic  origin  is  afforded  b;  their  rapid  alternation 
with  qu&rtzites  and  llmeetones  and  their  gradual  psJisage  in  plaoea  into 
the  former.  With  the  miscroacope,  diflereat  st^fes  in  the  recrystAlliza- 
tion  process  can  be  detected.  The  clastic  gneisses  in  some  of  the  sec- 
tions underlie  the  less  altered  quartz  mica-schista  and  ma;  therefore  be 
much  older,  but  as  no  uncomformity  or  abrupt  change  in  character  was 
observed,  they  have  been  grouped  together  for  the  present. 

I>i»trU>ution. — Tbe  rocks  assigned  to  the  Nosina  series  outcrop  at  Outcropi, 
intervals  along  the  Yukon  valley  from  a  point  a  few  miles  below 
Selkirk  down  to  Fortymile  river,  and  are  also  found  on  various  tribut- 
aries of  the  Yukon,  entering  it  both  from  the  east  and  west.  They 
occur  in  bands,  from  a  few  feet  to  several  miles  in  width,  separated, 
OB  a  rule,  by  areas  of  granite  gDeisB*  (Felly  gneiss).  They  are  cut 
irregulariy  by  the  latter.  The  sections  are,  on  this  account,  fragmentary 
and  neither  the  top  or  bottom  of  the  formation  has  so  far  been  satis- 
factorily defined.  In  the  Klondike  district,  the  rocks  of  tbe  Nasina 
series  are  exposed  along  the  Yukon  river  from  a  point  two  miles  below 
Ensley  creek  up  to  Indian  river,  and  for  some  distance  beyond. 
They  were  traced  from  the  Yukon  in  a  south-easterly  direction  np 
Indian  river  to  Ruby  creek  where  they  disappear  beneath  Tertiary 
sandstone  and  conglomerates.  They  come  to  tbe  surface  again  west 
of  Eureka  creek,  and  continue  to  the  boundary  of  the  district.  On 
the  Yukon,  the  continuity  of  the  section  is  interrupted  by  a  granite 
area  and  also  by  on  andesite  flow  of  moderate  width.  Besides  the 
main  occurrence  of  Nasina  schists  along  the  southern  edge  of  the 
district,  numerous  small  irregular  patches  of  precisely  similar  rocks, 
often  only  a  few  feet  in  width,  occur  with  the  serioite  schists  of  the 
Klondike  series.  One  of  these,  on  Dominion  creek,  has  been  mapped 
approximately  but  most  of  them  are  too  Email  to  show  on  the  scale 
adopted. 

'Gianite  gneissee  sre  exuiuhely  diHtributed  in  aumtrouii  aieu  alonft  the  Yukon 
vklley  and  sdJtuaDt  regioiu  from  the  mouth  of  the  Petly  river  down  to  Fort;mile 
river.  The  name  '  Felly  gaeiaiet '  hui  been  laxipoted  for  ihem  by  tlrook^.  They 
■redeacribed  b;  Spuir  under  the  nune  of  theBa^gnnites,  in  the  Eighteenth  Annual 
Report  of  the  UDit«d  States  Geological  Survey,  Fart  III,  pp.  134-137 ;  by  Brooh* 
in  the  Twentieth  Annual  Report  of  the  United  S)a(ei  Geological  Survey,  Fart  VII, 
pp.  4e0-4«3  ;  and  by  Che  writer  in  the  Americ&V^ogigt  Vol  XXX,  July,  1902; 
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An  irr^nl&r  M«a  of  dark  and  gray  qoartK  iniaa«ohuta  intMrbanded 
with  gnen  <ddaiiti«  Bcbisto,  oocura  on  tiie  lower  part  of  the  Eloodiks 
riyer  bordering  the  Klondike  Beriee  on  the  north.  In  a  preliminary 
report  on  the  district,  poblished  in  1900,  tbeM  were  aeparated  as  the 
Hunker  Mries,  but  in  the  present  report  they  are  inoladed  with  the 
Kasina  series,  aa  the  lithologioal  characters  have  proved  to  be  very 
aimilar. 

Structure. — The  Naaina  aeries  include,  so  far  as  known,  the  oldeet 
rocks  in  the  Yukon  Territory.  They  hare  a  wide  diatribntion  but  the 
various  areas  are  comparatively  small  and  differ  greatly  in  degree  of 
deformation  they  have  undergone  in  the  course  of  their  long  history. 
In  the  least  disturbed  areas  the  alternating  sh&les,  flags,  qnartzitee  and 
limestones,  which  represent  the  aeriee,  are  bent  in  easy  folds  with  dtps 
■eldom  exceeding  30°.  In  the  more  disturbed  areas  the  dips  are  high, 
and  sharp  flexures,  often  passing  into  faults,  are  frequent.  In  some  of 
the  sections  the  argillaceous  members  of  the  series  are  diatinotly  cleaved, 
but  the  principal  divisional  planes  everywhere  correspond  with,  or  are 
parallel  to,  the  original  lines  of  bedding. 

The  principal  area  in  the  Klondike  occurs  along  TiKl'*n  river  and  is 
cat  transversely  by  the  volley  of  the  Yukon.  The  beds  have  a  general 
aynclinol  attitude,  both  limba  of  the  synoline  dipping  towards  a  granite 
mass  situated  above  Eoaley  creek.  The  bede  in  the  southern  limb  dip 
regularly  northward  at  angles  of  from  30°  to  60*.  The  lowest  beds 
brought  to  the  surface  by  the  syncline  occur  north  of  Reindeer  creek. 
They  are  interbanded  with  granite  gneiss  and  are  themselves  altered 
locally  into  fine-grained  dark  mica  gneisses.  The  northern  limb  of  the 
■yncline  is  less  regular  than  the  southern  one.  The  dips  are  high,  often 
exoeediiig  60*,  and  the  beds  in  many  plaoes  are  sharply  plicated.  The 
etrongeat  crumpling  occurs  half  a  mile  south  of  the  northern  edge  of 
the  formation.  The  strata  here,  for  a  width  of  ae vera]  hundred  yards, 
are  beat,  twisted  and  corrugated  in  an  exceedingly  complicated  manner, 
while  tJie  beds  above  and  below  are  comparatively  regular.  Besides 
the  crumpling  of  the  rocks  in  the  northern  limb  of  the  syncline,  they 
are  also  cut  by  numerous  faults  produced  at  difierent  periods  and  often 
intersecting  each  other.  The  faults  are  small,  as  a  rule,  and  in  no  place 
was  any  great  displacement  of  the  rocks  observed.  The  throw  is 
usually  normal,  but  in  some  oases  appeared  to  be  reversed. 

Notwithstanding  the  more  disturbed  and  broken  condition  of  the 
rocks  in  the  northern  li>ab  of  the  syncline,  they  are  less  altered  than 
the  beds  occupying  a  corree^^Kiding  poeition  in  the  southern  limb.  This 
is  doubtless  due  to  the  abseboe  of  the  intrusive  sheets  of  granite 
gneiss  associated  with  the  latter. 
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The  Naaiaa  achistB  ftlong  the  Klondike  liTer  kre  ouljr  Bhown  in  occ&- 
aiooAl  szpoaurae  and  no  details  in  regard  to  their  structure  were 
obtained.  The  snuJl  nreaa  incloaed  in  the  igneoaB  sdiista  of  the  Kkm- 
dilce  seriee  oonform  in  dip  and  steike  very  closel]r  to  the  latter. 

The  rocks  of  the  Naeina  series  represent  altered  argillaceous  and  LitboloK^. 
silioeous  sediments,  the  different  varieties  depending  on  the  varying 
proportiona  of  these  originally  present  The  more  ^iceons  sediments 
have  hardened  into  micaceous  quartzitee  and  theee  pass  gradually 
into  gray  quartz  mica-schists,  and,  by  a  further  decrease  in  the 
amount  of  silica  present,  into  dark,  glossy  mica-schists.  The  minerals 
present  are  very  similar  in  all  the  varieties  but  vary  in  importance. 
Quartz  ia  the  most  abundant  constituent.  In  thin  sections  it  appears 
as  a  mosaic  of  small  angular  and  sub-angular  grains  pressed  closely 
together  and  aTrangad  in  narrow  band^  and  areas  separated  by  lines 
of  sericite  and  biotite.  The  grains  are  occasionally  drawn  out  in  the 
direction  of  the  schistosity.  The  quartz  is  usually  associated  with  a 
subordinate  quantity  of  feldspar.  Biotite  is  conspicuous  in  most  of 
the  sections.  The  leaves  are  small  and  are  usually  arranged  parallel 
to  the  planes  of  schistosity.  Sericite  is  abundant,  and  chlorite  calcite, 
kaolin,  magnetite  and  pyrite  are  occasionally  present,  and  more  rarely 
garnet  and  tourmaline.  The  dark  colouration  ia  due  largely  to  car- 
bonaceous material  disseminated  in  fine  particles  through  the  rock. 

The  beds  and  bands  of  orystallized  limestone  associat«d  with  the 
siliceous  and  orgillaoeoua  schists  are  usually  di(n«  or  less  siliceous  and, 
in  places  tremolite,  sericite  and  other  secondary  minerals  are  developed 
in  them. 

Green  chloritic  and  actinolitic  schists  form  an  important  part  of  the 
Nasina  series  on  the  Stewart  river  and  other  places,  but  are  not  pro- 
minent in  the  main  area  of  these  rocks  in  the  Klondike  district.  A 
band  of  green  schists,  consisting  mostly  of  chlorite  and  apidote  with 
AOme  unstriated  feldspar,  probably  albite,  occurs  in  the  Klondike 
valley  opposite  the  mouth  of  Hunker  creek. 

KLONDIKE    BERISS. 

General  rtmarki. — The  Klondike  series  are  the  principal  gold- 
bearing  rocks  of  the  Klondike  district.  They  (»nsist  mainly  of  light- 
coloured  sericite  schists  associated  with  a  subordinate  quantity  of 
greenish  chloritic  schists.  The  two  varieties  often  oocnr  in  alternating 
white  and  green  bands  easily  distinguished  in  the  field,  but  in  most 
cases  both  sericite  and  chlorite  are  present  in  variable  quantities,  and 
the  predominence  of  one  or  the  other  gives  character  to  the  rook. 
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The  BchiatB  of  theae  seriea  differ  from  the  Nuina  ichists  in  being 
m&inly,  if  not  altogether,  of  igneous  origin.  The  original  rocks  Taried 
widely  in  character,  as  both  acid  and  basic  surface  And  deep^oated 
varieties  were  preaent,  and  poesiblj  tu^  as  well.  The  principal  tfjrpes 
recognized  consist  of  qnartz  porphjriev,  granite  porphyries  and  basio 
porphyrilic  rocks.  The  former  are  now  represented  by  serictte  schists 
and  ordinary  aod  angen  gneiasea,  and  the  latter  by  chlorite  and  occa- 
sionally amphibolite  schists.  All  the  yarieties  have  a  oommon  sohist- 
osity  which  is  also  conformable,  as  a  ntle,  to  that  of  the  bordering 
clastic  schists. 

The  relative  ages  of  the  bands  of  sericite  and  chlorite  schiats  could 
not  be  determined.  The  latter,  in  some  instances,  saggeat  dikes,  but 
both  sets  are  sheared  alike  and  hare  yielded  in  equal  measure  to  the 
dynamic  and  other  metamorphic  agencies  which  have  affected  the 
r^on.  The  granite  gneiss  probably  repreoeata  the  same  magma  as 
the  quartz  porphyry,  cooled  at  a  greater  depth. 

The  Klondike  schists  often  inclose  small  irregular  areas  and  short 
bands  of  dark  clastic  schists  identical  in  character  with  the  rocks  of 
the  older  Nasina  series  and  probably  representing  undissolved  portions 
of  this  formation.  They  are  also  pierced  at  various  points  by  smalt 
stock-like  areas  or  short  oblong  dikes  of  quartz  porphyry,  rhyotite 
and  andesite.  These  rocks  are  much  younger  than  the  schists.  They 
have  not  been  crushed  and  hare  suffered  little  alteration  of  any  kind. 

IHtlriliution  and  correlation. — The  Klondike  schists  crOFs  the 
central  portion  of  the  Klondike  district  in  a  band  varying  in  width 
from  ten  to  twenty  miles  and  striking  in  a  N.W.  and  S.E.  direction. 
The  extension  of  the  band  beyond  the  limits  of  the  Klondike  district 
has  not  been  traced  out  The  formation  is  bordered  on  both  sides 
by  the  dark  schists  of  the  Nasina  series.  The  southern  oontsot  fol- 
lows a  nearly  straight  line.  The  northern  boundary  is  more  intricate, 
as  it  of  ten  bends  sharply  around  angular  bays  of  the  dark  schist  and, 
in  places,  the  two  series  of  schists  occur  for  some  distance  in  alternat- 
ing bands. 
,t  Sericite  schists,  identical  in  character  with  the  Klondike  schists, 
occnr  at  various  point-i  on  the  Yukon  territory,  notably  in  the  Forty- 
mile  district,  on  Henderson  creek,  and  in  the  Stewart  valley.  They 
are  closely  associated  eveiywhere  with  the  Felly  gneisses  and  in  some 
instances,  at  least,  simply  represent  an  extreme  schistose  phase  of 
these  rocks.  On  Henderson  creek,  the  schists  and  gneisses  occur  in 
alternating  bands  manifestly  identical  in  age  and  origin,  and  in  the 
Fortymile  diatriot  the  gneisses  are  followed  crossing  the  strike  by 


ib.  Google 


ib.Google 


ib.Google 


GEOLOGY  17    B 

sericite  tcbists  agreeing  with  them  ia  dip  aad  strike.  The  exposures 
here  are  imperfect  aod  the  exact  contact  was  not  seen. 

In  the  Klondike  district  the  sericite  schists  of  the  Klondike  series 
in  their  extension  eastward  pass  into  or  are  replaced  by  graoito 
gneisset,  &nd  gneiseee  also  occar  on  Indian  river  along  the  southern 
border  of  the  area.  At  the  latter  point,  the  gneisaea  pass  graduallj, 
going  northward,  across  the  strike  into  finely  foliated  schists. 

A  porticm  cJ  the  Klondike  Eohiats,  a  least,  can  therefore  be  referred 
with  tolerable  certainty  to  the  age  of  the  Felly  gneisses,  and  it  is 
probable  that  the  whole  series  belongs  to  the  same  period. 

The  lYMiks  of  the  Klondike  series  are  everywhere  foliated,  but  have  3tnicbir& 
suffered  unequally  in  this  respect.  In  the  less  schbtoee  varieties,  the 
rock  is  hard,  imperfectly  cleavabie,  and  weathers  into  angular  striped 
blocks,  or  flags  of  moderate  thickness.  The  more  schistose  varieties  are 
soft  and  cleave  easily  in  the  direction  of  the  schistosity  into  thin  leaves 
or  plates  often  an  inch  or  more  in  thickness.  Crinkled  surfaces  occur 
in  both  the  hard  and  soft  varieties,  but  are  exceptional,  and  sharp 
plications  are  also  rare,  although  present,  at  a  few  points.  The  planes 
of  schistosity  are  not  influenced  in  direction  by  diflerences  in  the 
character  of  the  rocks,  but  traverse  all  kinds  iudifTerently,  and  often 
pass  from  the  sericite  to  the  chlorite  schists  at  angles  tp  the  plane  of 
contact  between  them. 

The  strike  is  generally  N.W.  and  S.E. — that  is,  parallel  to  the  longest  Strika. 
axis  of  the  area,  but  to  this  rule  there  are  many  exceptions.  On 
Bonanza  creek  the  schists  follow  a  serpentine  course,  and  in  the 
Yukon  valley,  near  Baker  creek,  and  on  ihe  ridge  between  Carmacks 
fork  and  Upper  Bonanza  creek,  they  strike  almost  at  right  angles  to 
the  general  direction.  The  achistosity  is  periphyral  in  character,  and 
the  changes  in  the  direction  of  the  strike  are  commonly  due  to  cor- 
responding changes  in  the  direction  of  the  outline  of  the  area.  A 
secondary  cleavage,  cutting  the  main  schistosity  almost  at  right  angles, 
was  noted  at  a  few  points  at  Bonanza  creek,  but  is  nob  general. 

Small  folds  in  the  schists  occur  al  a  few  points,  but  over  the  greater 
part  of  the  area  the  dip  is  persistently  S.W.  The  low  angle  of  the 
dip,  in  many  places,  is  remarkable  in  the  case  of  such  a  highly  altered 
series  of  rooks.  On  Dominion  ridge,  the  Dome  ridge,  and  other  places, 
eiips  of  leas  than  fifteen  degrees  are  common,  and  high  dips  are  excep- 
tional throughout  the  whole  area. 

The  Klondike  schists,  like  the  Nasina  schists,  are  cut  repeatedly  in  FMilta. 
places  by  small  faults,  the  observed  displacements  ranging  from  a  few 
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inches  to  ft  few  feet  in  extent.  A  qaartz  vein,  uncovered  for  eiity 
feet)  in  the  Violet  groap  of  claimB  south  of  Eldorado  creek,  is  broken  b; 
several  fanlta  with  sm&ll  throws,  and  at  one  point  bends  suddenly 
and  follows  for  a  abort  distance  an  old  cross-fracture  plane.  The 
faultings  here  evidently  belong  to  two  periods,  one  younger  than  the 
quartz  vein,  and  the  other  older  or  contemporaneous  with  it.  The 
faults,  are  seldom  oonspicaont,  or  even  notioeable,  except  in  the  few 
places  where  the  beds  have  been  bared  by  mining  operations,  on 
account  of  the  depth  of  the  general  surface  decomposition  of  the  rocks. 

Sericile  KhuU. — The  principal  rook  in  the  Klondike  series  consists  of 
a  white  or  light  green  sericite  schist  originating  largely  from  the  deform- 
ation and  alteration  of  quartz  porphyries  or  allied  rocks.  The  porphyr- 
itic  character  of  the  rock  in  places  is  still  evident  in  hand  specimens,  and 
in  the  cruiihed  varieties  in  usually  easily  recognizable  in  thin  sections. 
The  principal  minerals  of  the  sericite  schist  are  sericite,  chlorite, 
quartz,  orthoclase  and  plagioclose.  Biotite  ia  conspicuously  absent  in 
most  of  the  tections.  Sericite  is  tie  most  abundant  micaceous  mineroL 
It  is  usually  associated  with  chlorite  and  this  mineral  is  often 
present  in  sufficient  quantities  to  give  character  to  the  rock.  The 
quartz  in  the  less  altered  varieties  occurs  in  bluish  blebs  of  moderate 
size  wrapped  round  by  small  scales  of  sericite  and  chlorite,  arranged 
in  parallel  leaves.  In  some  of  the  specimens  the  quartz  blebs  are  atill 
unbroken ;  in  others  more  or  less  granulation  bos  occurred,  resulting  in 
the  production  of  short  tails.  The  quartz  grains  are  occasionally 
accompanied  by  angular  crystals  of  feldspar,  and  in  a  few  sections 
feldspar  is  the  only  porpbyritic  mineral  recognizable  macrostwpically. 
The  feldspar  is  usually  in  an  advanced  state  of  decomposition  and 
difficult  to  determine  specilically.  Both  orthoclase  and  plagioclose  are 
present,  the  former  predominating. 

The  schists  characterized  by  uncrushed  quartz  and  feldspar  pheno- 
crysts  are  exceptional  and  occur  mostly  in  the  western  part  of  the 
district.  They  have  an  irregular  distribution  and  grade  through 
varieties  in  which  the  porpbyritic  character  can  still  be  det«cted  in 
thin  sections,  into  schists  similar  in  minerBlogicol  composition,  but  so 
completely  altered  that  their  origin  becomes  obscure.  The  latter  may 
possibly  be  derived,  in  part  at  least,  from  acid  tuffs. 

A  section  from  Eldorado  creek  to  Indian  river  below  the  mouth  of 
Quartzcreekshowa  a  gradual  transition  from  typical  fine-grained  sericite 
schists  to  coarse  augnen  gneisses  representing  deformed  granite  porphy- 
ries. Thegneissea  are  well  foliated  and  consistof  porpbyritic  individuals 
of  orthoclase,  plagioclose  and  occasionally  quartz,  scattered  through  a 


ib.  Google 


ib.Google 


ib.Google 


ircONHILL.  QBOLOGY  19   B 

ground-masB  of  the  same  materials.  Bericite,  chlorite  and  biotite  are 
also  present,  the  latter  usually  partly  chloritized.  Epidote  and  sphena 
are  common  accessory  minerals  and  allanits  is  oocosionally  found. 
Similar  gneisses  occur  on  the  lower  part  of  Sulphur  creek  uid  also  on 
the  crest  <£  the  ridge  separating  Lower  Dominion  from  Flat  creek.  In 
the  latter  locality,  they  pass  into  a  coarse-grained  augen  gneiss,  the 
feldspar  lenses  often  measoring  two  or  three  inches  in  length.  In 
some  of  the  sections  here,  hombleode  is  present  aa  well  as  biotite. 

The  field  evidence  of  a  close  genetic  connection  between  the  schists  MicroKopiokl 
and  gneisses  is  confirmed  by  the  microscopic  study  of  thin  sections 
which  show  all  gradations  from  typical  qu(ui;z  porphyries  to  granite 
porphyries. 

The  following  general  deeuription  of  the  microscopic  character  of 
the  sericite  schists  and  associated  rocks  is  contributed  by  Dr.  A.  E. 
Barlow. 

"  The  rocks  of  the  Klondike  series  are  shown,  by  the  examination  of 
the  thin  sections  under  the  miscroscope,  to  be  altered  quartz  and 
granite  porphyries.  They  usually  possess  a  very  marked  foliation  and 
schistosity  accentuated  by  the  development  of  vsrioua  secondary  min- 
erals as  a  necessary  accompaniment  of  the  pronounced  dynamic  action 
to  which  they  have  been  subjected.  The  altered  quartz  porphyries 
are  soft,  unctuous  to  the  touch,  and  have  a  greenish  or  yellow- 
ish colour  and  pearly  lustre  on  the  cleavage  surface,  due  to  the 
abundant  development  of  the  secondary  micaceous  minerals.  The 
granite-porphyries,  an  the  other  hand,  are  more  massive,  foliat«d  rather 
than  schistose,  are  harder  and  generally  vary  from  grayish  to  reddish 
in  colour.  From  a  petrographical  point  of  view,  both  are  extremely 
interesting  and  instructive  as  famishing  an  undoubted  transition 
from  the  typical  mas«ve  types,  marking  the  varieties  which  have 
Bufibred  little  or  no  mechanical  deformation  or  alteration,  to  a 
nacreous  schist  or  gneiss  in  which  the  original  phenocrysts  of  quartz 
and  feldspar  have  been  altogether  reduced  into  lenticular  areas, 
and  often  furly  continuous  bands  of  granulated  material  with  the 
development  of  sericite.  chlorite '  and  other  products  of  deoom position 
along  the  planes  of  shearing.  As  a  primiury  result  of  the  extreme 
pressure  and  accompanying  stretching  to  which  these  rock  masses  have 
been  subjected,  the  remaining  uegranulated  portions  of  the  original 
phenocryetsof  quartz  and  feldspar,  and  especially  the  former,  show  pro- 
nounced wavy  or  undnlous  extinction.  With  an  increase  of  the 
dynamic  metamorphism  thb  couJition  of  strain  is  relieved  by  the 
development  of  a  series  of  irregular  cracks,  and  the  formation  of 
14— B— 2J 
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"  tails  "  of  grannlftted  material  in  the  wake  of  the  fragment  of  orystat. 
Still  further  application  of  ttie  forces  of  stretching  canses  the 
complete  obliter&tioD  of  the  original  pheaocrTsts  and  the  produc- 
li(m  of  lenticular  areas  and  broken  bands  of  a  comparatively  coarse- 
grained mosaic  of  quurtz  and  feldspar.  The  porphyritic  individuals  of 
qnartE  are  the  first  to  suffer,  and  many  oases  were  noticed  in  which 
moat,  if  not  all  of  the  quartz  phenoorysts  had  uadei^ne  advanced 
granulation,  while  those  of  feldspar  had  suffered  little  or  no  deformation. 
Accompanying  such  prooessea  of  ahearing,  sericite  or  hydrous  musco- 
vite  in  pale  yellowish  or  oolourlesa  scales  and  plates  is  developed  in 
wide,  wavy  approximately  parallel  bands  sweeping  gracefully  through 
and  among  the  individuals  of  quartz  and  feldspar.  Chlorite, 
usually  accompanied  by  small  crystals,  grains  and  irregular  aggre- 
gates of  epidote  and  zoisite,  is  often  present,  and  in  some  of  the 
more  basic  and  feldspathic  varieties,  replaces,  in  large  part  at  least,  the 
sericite.  Biotite,  either  fresh  or  in  the  various  stages  of  decomposition 
into  chlorite,  is  usually  present  in  oonsiderable  amount  in  irregular 
plates  and  hypiodiomorphic  individuals  in  the  granite  porphyries. 
Leucozene  and  sometimes  the  more  normal  spbene  is  also  very  com- 
monly represented  in  irregular  grains  derived  doubtless  from  the  alter- 
ation of  ilmenite.  Magnetite  and  pyrite^  the  latter  decomposing  to 
limonite,  also  oocnr  more  sparingly.  Occasional  crystals  and  frag- 
ments of  apatite,  zircon  and  horablende  wore  likewise  noticAd.  Cal- 
oile  often  occurs  and  is  sometimes  abundant  in  irregular  and  sharply 
defined  individuals. 

"  By  the  failure  on  the  one  hand  of  the  qiiartz  phenocrysts  and  a  cor- 
responding increase  in  the  development  of  those  of  feldspathic  composi- 
tion, the  quartz  porphyries  show  an  unbroken  transition  into  the  gran- 
ite porphyries,  while  on  the  other  hand  the  frequent  abundance  of 
phenocrysts  of  plagioclase  marks  a  distinct  passf^^e  into  the  porphy- 
rites.  Silicification  or  the  infiltration  and  deposition  of  secondary 
quartz  has  likewise  contributed  much  to  the  formation  and  consolida- 
tion of  the  rock  masses,  in  many  cases  effectually  masking  their 
original  structures.  So  complete  has  been  this  process  of  hardening 
that  even  the  most  minute  cracks  and  fissures  have  been  com- 
pletely occupied  by  the  vein-like  quartz.  The  origin  of  such  silica 
is  doubtless  pegmatitic,  representing  the  latest,  and  consequently 
extremely  acid  and  hydrated,  secretions  of  the  magma,  evidencing  the 
expiring  efforts  of  the  widespread  vutcanism  to  which  the  enclosing 
rocks  owe  their  formation.  This  secondary  quartz  varies  very 
greatly  in  the  amount  and  extent  of  its  development,  from  the  small 
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leaticular  bands  (wfaioh  caa  only  be  detected  microscopically  and  are 
distinguishable  with  difficulty  from  the  similar  clear  arena  representing 
deformed  and  granulated  phnnoorysts)  to  large  veins. 

"  Rocks  almost  identical  in  structure  and  composition  have  been  Other  occur- 
deeoribed  in  detail  by  Lawson  *  and  Coleman  t  aad  mentioned  by  J^^^rocks. 
Smith  I  and  Mclnnes  g,  as  occurring  in  the  district  to  the  northwest 
of  Lake  Superior,  while  WilHams,||  on  the  south  of  L^ke  Superior, 
gives  a  very  minute  recital  of  the  structural  features  noticed  in  the 
altered  quartz  andgranite  porphyries  of  the  Menominee  and  Marquette 
regions  of  Michigan. 

"Similardeformed  schistose  porphyries  havenot  escaped  the  attention 
of  the  European  goologiats,  and  Prof.  C.  E.  Weiss**  of  Berlin  in 
1884,  deecribes  altered  quartz  porphyries  near  Thai  in  Thuringia  while 
Dr.  C.  Chelius,  ft  has  drawn  attention  to  the  very  closely  related 
deformed  granite  porphyries  of  the  Odenwald  (Hesse- Darmstadt). 

"  In  some  of  the  areas  represented  by  the  typical  specimens  it  b  Tutfo. 
certain  that  these  schistose  porphyries  are  accompanied  by  acid  tnffia, 
while  certain  micaceous  schists  and  quartzitee,  composed  chiefly  of  in- 
terlocking grains  of  quartz  with  a  much  smaller,  though  varying  pro- 
portion of  feldspar  and  micaceous  minerals,  may  possibly  be  epiclastic 
in  origin  resulting  from  the  consolidation  of  truly  aqueous  sediments. 
If  this  latter  supposition  be  correct,  the  application  and  long  con- 
tinuance of  the  forces  of  pressure  and  stretching,  accompanied  by  com- 
plete recryetallization,  have  produced  in  all  a  complete  and  perfectly 
interlocking  quartzofeldspathic  mosaic,  so  that  nothing  can  now  be 
asserted,  with  any  degree  of  certainty,  in  regard  to  any  structure 
which  they  might  originally  have  poseesBed.  The  exact  diagnosis  and 
correct  interpretation  of  many  of  these  rocks  is  thus  manifestly 
extremely  difficult  and  in  some  cases  impossible ;  and  even  with  the 
advantage  of  critical  study  and  comparison  of  the  numerous  and  care- 
fully selected  microscopic  sections,  aided  by  the  detailed  field  work 
already  undertaken,  it  has  been  found  hopeless  to  pronounce  decisively 
regarding  the  position  of  some  of  the  examples  studied." 

•Ann.  Rep.  Geo].  Surv.  Can.  1887-W,  Part  I,  w.  8o-»Jf. 

t  Ann.  Rrp.  Bureau  of  Minm,  Ont..  1894,  pp.  84,  87,  S8. 

t  Add.  Rep.  Gaut.  Surv.  Can.  1890-91.    Rt^port  G. 

g  Ann.  Rep.  Geol.  Surv.  Can.  1897-     Re()ort  H. 

I,  Bull.  U.S.G.3.  No.  62,  ISUO,  pp.  148-154. 

**  Jahrbuch  prvuBS.  geoL    LandeeanHtalC  fur  1883  pp.  213'23T  Berlin,  1S84. 

ttXotbbltttt  dSB  Verelm  fur  Erdkunde  lu  Diinnstadl,  4,  Folge,  Heft  5,  1R85, 
p.  2». 
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Chlorite  schists  occur  both  &e  ffeadnal  trftnaitionsfrom  the  sericite 
schists  &nd  in  separate  baDds  alternating  with  them.  In  the  former 
case,  they  doubtless  represent  the  more  basic  portions  of  the  same  rocks 
from  which  the  eericite  schists  originated.  They  are  similar  to  the 
latter  in  structural  and  general  character  and  differ  from  them,  chiefly 
Id  oontMoing  a  greater  proportion  of  chlorite. 

The  origin  of  the  bands  of  chlorite  schists  ia  not  so  clear  and  it  is 
possible  that  some  of  them  represent  latter  basic  intrusions.  No  direct 
proof  of  this  is  obtainable  in  the  field  aa  both  series  have  been  sheared 
and  altered  alike,  and  all  the  ordinary  marks  of  eruptive  contact  have 
been  destroyed.  The  mineral  constituents  have  also  been  so  granu- 
lated and  altered  that  little  trace  of  the  original  structure  of  the 
rock  remains.  Thin  sections  show  areas  made  of  interlocking  mosaics 
of  quartz,  orthoolaae  and  plagioclase  with  some  calcite,  separated  by 
matted  aggregates  of  chlorite  and  schists  arranged  in  thin  curving 

Variations  from  the  ordinary  type  occur  in  a  few  places.  In  the 
upper  part  of  Dominion  creek  the  schist  has  a  coarser  foliation  than 
usual  and  contains  large  individuals  of  quartz  and  plagioclase  in  addi- 
tion to  the  usual  granulated  mosaics.  Its  composition  suggests  a 
derivation  from  a  porpbyrite.  A  band  of  green  ichiat  sprinkled  with 
dark  hornblende  chrystals,  probably  a  sheared  diorite,  crosses  the  Dome 
ridge  near  the  head  of  Bonanza  creek,  and  an  nctinolite  schist  occurs 
on  Hunker  creek  above  Ooldbottom. 


MOOsKHIDE   DIABASE. 

The  rocks  referred  to  under  this  name  outcrop  along  the  lower  part 
of  the  Klondike  valley  and  on  Moosehide  mountain,  north  of  the 
Klondike.  They  are  also  found  on  the  western  bank  of  the  Yukon 
valley,  opposite  Moosehide  mountain. 

The  Moosehide  diabase  is  a  greenish  medium-grained  rock  usually 
sheared  It  has  yielded  lees  in  this  respect  than  the  quartz  por- 
phyries of  the  Klondike  aeries  and  often  appears  almost  massive.  It 
is  everywhere  greatly  altered  and  in  tbin  sections  exhibits  great 
variety.  The  less  altered  specimens  show  a  well  marked  ophitic 
structure,  although  the  original  augite  has  in  most  cases  disappeared. 
Secondary  hornblende  is  nearly  always  present.  Occasional  small 
areas  and  narrow  bands  consist  almost  entirely  of  fibrous  octinolite. 
passing  in  some  places  into  a  coarse  asbestus.  Serpentine  occurs  in 
all  the  sections,   and  an  almost  pure  serpentine  now  represents  the 
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original  rock  oik  both  sidea  of  the  summit  of  Mooeehide  mountain. 
Chlorite,  calcite  and  zoisite  in  varying  quantities  are  common  decom- 
poaition  products,  and  epidote  and  spbene,  the  former  often  in  con- 
siderahle  abnndaooe,  are  present  in  most  of  the  sections. 

The  relationship  of  Moosehide  diabase  to  the  Klondike  schists  in  ^'"'J^  ^ 
r^ard  to  age  is  uncertain  but  it  Is  probable  that  the^  are  nearly  con-  gcbistg. 
temporaneona  and  belong  to  the  same  ancient  period  of  igneous  activity. 
The  deformation  of  the  diabase  is  less  complete  than  that  of  the  quartz 
porphyries,  but  the  constituent  minerals  have  auifered  an  equal  amount 
ot  alteration,  and  both  rocks  are  faulted  alike  and  are^traversed  by 
similar  unall  quartz  veins. 

UNALTERED  SEDIMENTABY  ROCKS. 

TBRTIART   (kBNAI   SRRIRS  !). 

Several  areas  of  unaltered  sedimentary  rocks  occur,  occupying  Dietribution 
depressions  in  and  around  the  outskirts  of  the  Klondike  district.  The  Bedimenurja. 
largest  of  these  commences  at  the  Klondike  valley  above  Rock  creek 
and  extends  in  a  W.N.W.  direction  to  Cliff  creek,  a  distance  of  about 
seventy  miles.  The  width  of  the  area  has  not  been  determined  but 
probably  averages  ten  miles.  It  lies  along  the  base  of  the  Ogilvie 
range  and  is  separated  from  the  yukon  by  a  narrow  atrip  of  the  older 
schistose  rocks. 

The  rocks  consist  mainly  of  slightly  coherent  sandstones  with  con- 
glomerates alternating  with  dark  and  coloured  clays  and  shales,  car- 
bonaceous shales  and,  occasionally,  lignites.  No  general  section  has  so 
far  been  measured  and  the  thickness  la  unknown.  The  sandstones  are 
often  arkoee  in  character,  showing  in  thin  sections  angular  and  sub- 
angular  grains  of  quartz,  turbid  feldspars  and  colourless  micas.  Calcite 
and  limonite  are  also  usually  present. 

The  beds  dip,  as  a  rule,  at  moderate  angles  but  are  somewhat  irreg- 
ular in  this  respect,  the  ioclioation  often  changing  suddenly,  both 
in  degree  and  in  direction.  High  dips  occur  occasionally  .<tnd  in  places 
the  beds  are  broken  and  faulted. 

The  age  of  the  lignite-bearing  beds  in  the  basin  has  been  determined  ^ge. 
by  Dr.  Knowltou  on  the  evidence  of  fossil  leaves  collected  by  Mr.  A.  J, 
Collier,  of  the  United  States  Geological  Survey,  to  be  Upper  Eocene*. 
They  are,  therefore,  equivalent  or  nearly  so,  to  the  Kenai  series. 

A  small  area  of  Tertiary  rocks  occurs  in  the  valley  of  Lost  Chance 
creek,  just  above  the  junction  with  Hunker  creek.     Since  their  depo- 

*U.S.  G«ol.  Bull.  No  218,  p.  26. 
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sitioD,  coQsiderabie  roclc  moremeats  have  taken  place,  aa  they  are 
infolded  with  the  schists  on  which  thej  rest  The  ssries  here,  in 
addition  to  the  naaal  shales,  sandatonea  and  conglomerates,  inclade 
bcda  of  decomposed  andesite  tu&. 

Similar  beds,  cut  by  andesitea  and  diabaaee,  cover  a  considerable 
area  south  of  Indian  river,  above  and  below  the  mouth  of  Quartz 
creek.  They  occupy  here  a  remarkable  depresaion,  surrounded  on 
all  aidea,  except  where  crossed  bj  the  Indian  river  valte;,  by  high 
ridges  built  of  the  older  achista.  From  the  centre  of  the  depression 
rise  Hayslack  mountain  and  the  Dismal  dome,  two  prominent  andea- 
ite  ooDes,  and  a  number  of  other  lower  aodeaite  hills.  The  origin  of 
the  depresaion  is  probably  due  to  volcanic  action. 

The  beds  in  this  area  are  lightly  folded  and  oonaist  of  soft  light 
grayish  arkose  sandatunes.  yellowish  and  dark  tufaceous  sandatonea, 
light  and  dark  shales  and  claya,  agglomerates  and  conglomerates.  In 
addition  to  theae,  a  amall  bed  of  lignite  occurs  in  a  branch  of  Ruby 
creek,  a  tributary  of  the  Indian  river.  The  conglomerate  in  some 
places  resembles  the  high-level  white  channel  gravels  of  Bonanza  and 
other  Klondike  creeks.  It  occurs  in  heavy  bands  uanally  associated 
with  sandstones  and  b  often  conspicuously  white  in  colour.  The  pebbles 
are  largely  derived  from  quartz  veins  and  are  embedded  in  a  matrix  of 
quartz  grains  and  aericite.  They  are  smaller  and  better-rounded  than 
the  pebblea  in  the  white  channel  gravel.  The  conglomerate  is  usually 
fairly  well  indurated,  and  in  places  near  the  andesite  masses  has  been 
cementnl,  probably  by  infiltrating  silioeoua  water,  into  an  exceedingly 
hard  rock.  It  carries  small  values  in  gold  and  some  attempts  have 
been  made  to  mine  it. 

The  ahalea  and  sandstone  in  the  Indian  Rjver  area  hold  fragments  of 
fossil  plants,  but  none  of  these  have  so  far  been  identified. 

A  large  area  covered  by  beds  referred  tentatively  to  the  Tertiary, 
but  which  may  be  older,  occurs  south  of  the  district  along  Sistymile 
river.  The  apex  of  this  area  reaches  the  Yukon  below  the  mouth  of 
Indian  river.  Sandstones  and  ahalea  and  andesite  and  rhyolite  tuSa 
occur,  here  aasociated  with  great  sheets  of  andesite. 

FLAT  CBBBR   BEDS. 

Aim  of  Flat  The  wide  depression  between  the  Klondike  hills  and  the  Ogilvie 
range  is  covered  with  alternating  beds  of  silts,  sands,  clays  and  gravels, 
for  which  the  name  Flat  Creek  beda  is  proposed.  Theae  beda  have  a 
thickness,  on  the  lower  part  of  Flat  creek,  of  six  hundred  feet,  and  a 


Creek  becU. 
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width  of  from  «ight  to  fifteen  milee.  They  extend  from  a  point  north 
of  TwelvemUe  river  S.  E.  across  the  Klondike  to  the  Stewart. 
Between  the  Stewart  and  Klondike  rirera,  they  rest  on  the  older 
Bohiste  and  graaitee,  and,  north  of  the  Klondike,  on  the  older  Tertiary. 

The  Flat  Creek  beds  have  been  partially  destroyed  by  streams  flowing 
from  the  Ogilvie  range,  and  are  carved  into  a  aeries  of  flat-topped 
plateaAe  often  lined  with  low  terraces.  The  beds  are  nearly  every- 
where concealed  and  only  a  couple  of  small  imperfect  sections  were 
seen  in  the  locality  visited.  These  show  flat-lying  beds  of  loose  gravel 
alternating  with  yellowish  and  grayish  sands,  sandy  clays  and  silts. 
The  gravels  are  well-rounded  and  consist  of  the  slates,  cherts,  qiiartzites, 
diabases,  and  granites  occurrir^  in  the  Ogilvie  range.  They  are 
auriferoas  in  places  but  no  pay  valoea  have  so  far  been  found  in  them. 

The  age  of  the  Flat  Creek  beds  is  uncertain ;  they  are  referred  to 
late  Tertiary,  but  it  is  possible  that  a  portion  of  them  at  least  may 
represent  extramorainal  material  washed  out  from  the  Ogilvie  range 
during  the  glaciai  period. 

MASSIVE  IGNE0V3  ROOKS. 


Granite  occurs  on  the  Yukon  river  about  three  miles  below  the  Qraniie 
mouth  of  Indian  river.  The  area  has  a  width,  where  cut  by  Yukon 
river,  of  less  than  two  miles,  but  widens  oat  towards  the  east.  The 
boundaries  of  the  area  as  shown  on  the  map  are  only  approximate,  as 
its  contact  with  the  surrounding  schists  is  seldom  seen.  Good  exposures 
occur  on  the  right  bank  of  tlie  Yukon,  but  the  area  narrows  crossing 
the  valley,  and  is  only  found  at  one  point  on  the  left  bank. 

The  granite  in  this  area  is  grayish  in  colour  when  fresb,  and  coarsely 
granulu'  in  texture  as  a  rale,  although  in  places  it  becomes  distinctly 
porphyritic.  It  is  usually  unfoliated  but  is  slightly  sheared  in  places. 
Microscopically,  it  consists  essentially  of  quartz,  orthoclase,  plagioclase 
(mostly  oligoclase,)  bleached  biotiCe,  and  some  hornblende,  mostly  - 
altered  into  chlorite.  The  feldspara  are  usually  decomposed  and  include 
scales  and  grains  of  sericite,  and  calcite.  Almandine  garnet  ia  a  fre- 
quent accessory  mineral. 


An  area  of  diabase  three  miles  in  width  ia  cut  by  the  Indian  river  Du,hMa  a 
valley  above  New  Zealand  creek.     The  diabase  is  a  dark- coloured,  of  dikts. 
coarse- textured  and  quite  massive  rock.     In  thin  sections  it  shows  a 
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well  marked  ophitic  structure.  The  lath*ahaped  labradorite  individuals 
usually  incloee  browaish  augite  bat  occasionally  the  latter  is  replaced 
by  greeaish  serpentine  which  may  have  been  derived  from  olivine. 
Other  minerals  present  include  biotite  in  small  quantitiee,  and  grains 
of  pyrite  and  magnetite. 

Wide  diabane  dikes,  similar  in  character  to  the  Indian  river  diabase, 
occur  in  the  Yukon  valley  opposite  the  mouth  of  Indian  river,  outting 
rocks  referred  to  the  Tertiary,  and  several  amall  dikes  cross  Eldorado 
creek  near  its  mouth,  catting  the  Klondike  schists.  Thin  sections  of 
these  show,  in  addition  to  the  usual  minerals,  large  apatite  prisms. 

ANDESITES,    ETC. 

Andesite  dikes  and  stocks  are  common  in  the  Klondike  district, 
and  rocks  representing  audeaite-flowg  are  also  prominent  The  andes- 
ites  cut  the  old  schistose  rocks  in  places,  but  usually  occur  in  connect- 
ion with  the  Tertiary  beds.  Some  of  them  are  jroanger  than  the  latter 
while  others  appear  to  be  contemporaneous  with  them.  Tufoceous 
beds,  usually  andesitic  in  character,  ojcur  on  Lost  Chance  creek  and 
other  placFs,  interbanded  with  the  shales  and  sandstones  of  the  Tertiary 
series. 

"  The  largest  andesite  area  in  the  district  occurs  in  the  Tertiary  depres- 
sion south  of  Indian  river.  Two  prominent  elevations  which  rise  from 
this  depression,  known  as  Haystack  mountain  and  the  Dismal  dome 
are  built  entirely  of  this  rock,  and  it  also  spreads  over  a  considerable 
part  of  the  bordering  lowlands.  Haystack  mountain  evidently  repre- 
sents the  core  of  an  old  volcanic  centre  partially  destroyed  by  erosion. 

The  andesite  from  Haystack  mountain  is  a  grayish,  moderately  fine- 
grained, and  often  distinctly  porphyritic  rock.  In  thin  sections  it 
shows  a  microfelsitic  ground  mass  usually  more  or  less  decomposed. 
In  this  are  embedded  long  tabular  crystals  of  plagioclase  and  large 
rounded  individuals  of  greenish  hornblende  bordered  by  opaque  rings 
consisting  of  ilmenite  and  leucoxene.  Aagite  is  also  usually  present 
and,  less  frequently,  scales  of  brownish  biotite. 

r  A  second  area  of  andeeites,  largely  effusive  in  character,  occurs 
on  the  Yukon  river  opposite  and  below  the  mouth  of  Indian 
river.  The  andesites,  associated  with  Tertiary  sedimentary  rocks,  are 
exposed  along  the  left  bank  for  several  miles,  and  at  one  point,  crtias 
the  Yukon  valley  and  spread  out  along  the  foot  of  the  slope  on  the 
right  bank.  The  rock  here  is  vesicular,  the  cavities  often  containing 
chalcedonic   material.     It    is    a    faornblende-augite-biotite    andesite 
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ver;  simil&r  to  th«  Indian  river  variety.  The  ground  mass  U  less  indi- 
vidualized and  includes  Bome  glusy  matter.  The  andesit«s  on  the  left 
bank  of  t^e  Yukon  are  traversed  in  places  bj  vide  diabase  dikes. 

A  small  area  of  hornblende  andesite  borders  the  Tertiary  area  at  the 
mouth  of  Last  Cbance  creek.  The  andpsite  here  is  coarser-grained 
than  usual  and  ia  badly  decomposed.  In  thin  sections  it  shows  a  f*:'lted 
groand  mass  of  plagioclase  and  hornblende,  the  latter  often  altered  into 
chlorite. 

A  light  gray  medium-grained  granular  rock-occupying  a  small  areaon  Propylite. 
Whiskey  hill  on  Upper  Hunker  creek,  is  very  similar  in  structure  and 
composition  to  Richthofen's  "  propylite."*  The  plagioclase  individuals 
of  which  it  principally  consists  have  a  rude,  ophitic  structure,  the  inter- 
spaces being  filled  largely  with  unstnated  feldspar  and  quartz,  and  lees 
frequently  with  brown  biotite  and  green  hornblende,  the  latter  often 
in  perfect  crystals,     Magnetite,  apatite  and  sphene  are  also  present. 

A  somewhat  similar  rock  was  found  on  Indian  river,  apparently 
passing  into  the  andesites,  of  which  it  probably  represents  a  deep-seated 
phase. 

QUARTZ  PORPHYRIES.  ETC. 

The  quartz  porphyries  are  the  youngest  igneous  rocks  in  the  district. 
They  orcur  in  numerous,  sma^I,  oblong  areas,  everywhere  throughout  Areas  of 
the  region,  both  in  the  valleys  and  on  the  ridges.  The  areas  usually  '.',ht^.  ^^ 
measure  from  one  to  two  hundred  yards  in  width  and  from  a  quarter 
to  half  a  mile  in  length,  and  might  be  classed  in  most  cases  as  wide< 
short  dikes.  They  were  found  to  be  intrusive  through  the  schists 
and  older  rocks  in  all  cases  where  contact  exposures  were  available 
for  study. 

The  quartz  porphyry,  macroeoopically,  is  a  pate  yellow  compact  rock 
spriilkled  with  small  phenocryst^  of  dark  quartz  and  yellowish 
dacomposed  feldspar.  In  thin  sections  it  shows  a  microgranitic  ground 
mass  through  which  individuals  of  quartz,  orthoclase  and  plagioclase 
are  porpbyritically  distributed.  Quartz  is  the  most  abundant  porphy- 
ritic  mineral,  and  occurs  both  in  rounded  and  corroded  forms  and  in 
perfect  dibexehedral  crystals.  The  feldspars  usually  exhibit  good 
crystallographic  outlines. 

The  various  dikes  and  areas  of  the  recent  acid  volcanic  rocks  dotted 
over  the  district  agree,  as  a  rule,  very  closely  in  character,  but  in  a  few 
cases  the  microgranitic  ground  mass  is  replaced  by  a  glassy  base,  and 
the  rock  might  be  classed  as   a   rhyolite  rather   than   as   a   quartz 

*  Meni.  C>lifomia  Actd.  of  So.    VoL  I.,  [mtt  II.,  1808. 
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poqihyry.  A  specimen  from  n  Bmnll  area,  probably  effusire  in  character, 
situated  on  the  ri^t  bank  of  the  Klondike  river,  seven  inilee  above 
Rock  creek,  showed,  in  thin  sections,  a  glassj  ground  mass  with  fluidal 
structure,  holding  microlites  and  spherulites  of  quartz  and  feldspar. 
The  porphjritio  individuals,  in  addition  to  those  in  the  quartz 
porphyrys,  included  occasional  scales  and  plates  of  brown  biotite. 

SERPENTINES  (PERIDOTITBs). 

A  long  narrow  band  of  serpentine  occurs  on  the  ridge  separating 
the  upper  part  of  Hunker  creek  from  the  Klondike  river.  At  the 
head  of  Leotta  Creek  it  rises  into  a  prominent  peak  known  as  Leotta 
mountain.  The  serpentine  lies  near  the  northern  boundary  of  the 
Klondike  schists,  and  cuts  both  these  and  the  dark  «:hiats  of  the 
Naaina  series. 

The  serpentine  in  Leotta  mountain  is  a  dark  greenish,  compact  rock, 
often  weathering  into  yellow  and  brown  shades.  Id  places  the  green 
base  b  mottled  with  yellow,  the  latter  representing  the  less  altered 
portions.  Thin  ttectiona  exhibit  occasional  cores  of  brownish  pyroxene 
and  almost  colourless  olivine,  showing  that  the  rock  originated  from  a 
peridotite.  Some  ca'cite  is  also  usually  present,  and  gruns  of  dark 
iron  ore  (probably  magnetite)  occur  in  moat  of  the  sections. 

The  intrusion  of  the  peridotite  occurred  at  a  comparatively  recent 
period,  as  it  has  not  been  sheared,  and  is  not  traversed  by  the  veins 
and  dikes  which  cut  all  the  older  rocks. 

A  second  serpentine  area  occurs  on  the  summit  of  the  Hunker 
Klondike  ridge,  nearly  opposite  the  mouth  of  Hester  creek.  The 
serpentine  here  is  a  harder  and  much  tougher  rock  than  that  occurring 
at  Leotta  mountain.  In  thin  sections  it  is  seen  to  consist  of  small 
scales  and  fibres  of  greenish  serpentine,  matted  together  in  an  extremely 
intricate  manner.  No  cores  of  the  original  minerals  were  observed. 
The  contact  of  this  mass  with  the  surrounding  schist-s  was  not  seen. 

GRAVELS  OF  THK  KLONUIKK  GOLD  FIKLDS. 
A  section  across  the  valley  of  any  of  the  gold  bearing  streams  enter- 
ing the  Klondike  shows  a  comparatively  narrow  trough-like  depression 
below,  from  150  to  300  feet  deep,  bordered  on  one  or  both  sides  by  wide 
benches  beyond  which  the  surface  rises  in  easy,  fairly  regular  slopes 
up  to  the  crests  of  the  intervening  niigea.  The  benches  represent  frag- 
ments of  older  valley-bottoms  partially  destroyed  by  the  excavation 
of  the  present  valleys.  Narrow,  rook-cut  terraces  occur  at  intervals 
between  the  level  of  the  old  valley -bottoms  and  the  present  lesel. 
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Anriferoas  gravels  (xwur  on  the  preseat  valley-bottoms,  on  the  por-  ciauiHcfttion 
tioDS  of  the  old  valley -bottoms  still  remaining  and  on  the  rock  terraces  '^  g^'els. 
cut  into  the  slopes  connecting  them.  The;  ma;  be  classified  as  follows, 
be^nning  with  the  yonngest. 

i  Gulch  gravels, 
Low  level  gravels.  ■'  Creek  gravels, 

I  River  gravels.  • 

Gravels  at  intermed-  i  ^  , 

I  River  gravels, 
High  level  gravels.  /  (  White  gravels. 

(  "  White  channel  "  gravels,  J 

{ Yellow  gravels. 

LOW   LEVEL   GRAVE L& 

The  low  level  creek  gravels  are  the  most  important  gravels  in  the  Character  of 
district.  These  gravels  floor  the  bottoms  of  all  the  valleys  to  a  depth  creek  gravelg. 
of  from  four  to  ten  feet.  They  rest  on  bedrock  usaall;  consist- 
ing of  decomposed  and  broken  schists,  and  are  overlaid  by  a 
sheet  of  black  frozen  muck  ranging  in  thickness  from  two  to  thirty 
feet  or  more.  They  are  local  in  origin  and  consist  entirely  of  the 
schists  and  other  rocks  outcropping  along  the  valleys.  The  schists 
pebbles  are  usually  flat  round-edged  discs  measuring  one  to  two  inches 
in  thickness  and  two  to  six  inches  in  length.  They  constitute  the 
greater  part  of  the  deposit,  but  are  associated  with  a  varying  proportion 
of  rounded  and  subangular  quartz  pebbles  and  boulders,  and,  lees  fre- 
quently, with  pebbles  derived  from  the  later  eruptive  rocks  of  the  region. 
The  pebbles  are  loosely  stratified,  are  usually  embedded  in  a  matrix  of 
coarse  reddbh  sand  and  alternate  in  places  with  thin  beds  of  sand  and 
muck. 

The  creek  gravels  frequently  inclose  leaves,  roots  and  other  vegeta-  fossilx. 
ble  remains  and  also  the  bones  of  various  extinct  and  still  existing 
northern  animals,  such  as  the  mammoth,  the  buffalo,  the  bear,  the 
musk-ox  and  the  mountain  sheep  and  goat. 

The  Gulch  gravels  occupy  the  upper  portions  of  the  main  creek 
valleys  and  small  tributary  valleys.  They  difler  from  the  creek  gravels 
in  being  coarser  and  more  angular.  A  considerable  proportion  of  their 
material  consists  of  almost  unworn  fragments  of  schist  washed  down 
from  the  adjacent  slopes.  They  contain  the  same  vegetable  and  animal 
remains  as  the  creek  gravels. 
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The  only  river  gravels  of  the  district  proven,  to  far,  to  oodImd  gold 
^  in  paj-iog  qoAutities  occur  in  the  wide  fiats  borderiog  the  lower  poc- 
tion  of  the  Klondike  rirer  below  the  mouth  of  Honker  valley.  The 
river  gravels  consist  of  quarCzite,  slate,  chert,  granite  and  diabase  peb- 
bles largely  derived  from  the  western  slopes  of  the  Ogilvie  range. 
They  are  harder  and  better-rounded  than  the  creek  gravels,  a  necessary 
■esult  of  the  greater  distance  travelled. 

TKRRACB  OHAVBU. 

Bock  terraces  occur  at  varioaa  points  cat  into  the  steep  slopes  of  the 
present  v&lleya.  They  were  produced  during  the  deepening  of  the  val~ 
leys,  and  ate  simply  remnants  of  former  valley -bottoms.  They  are 
small,  seldom  exceeding  a  few  yards  in  width  and  a  few  hundred  yards 
in  length,  irregular  in  distribution,  and  occur  at  all  elevations  up  to 
the  bottoms  of  the  old  valleys.  The  terraces  support  beds  of  gravel, 
usually  from  sii  to  fifteen  feet  in  tfaickness,  very  similar  to  that  in  the 
creek  bottom?,  but  showing  somewhat  more  wear.  The  terrace  gravels, 
like  the  creek  gravels,  are  overlaid,  as  a  rule,  with  muck,  and  at  one 
point  on  Hunker  creek  were  found  baried  beneath  a  hundred  feel  of 
this  material. 

HIOH    LEVEL  GRAVELS. 

High  level  gravels  are  extensively  distributed  along  Bonanza  and 
■  Hunker  creek  and  some  of  their  tributaries,  and  also  oocnr  on 
Eldorado,  Bear,  Quartz,  Mine  Mile,  and  Allgold  creeks.  They  con- 
sist, principally,  of  ancient  creek  deposits,  overlaid  near  the  mouths  of 
some  of  the  valleys  by  gravels  laid  down  by  the  Klondike  river,  when 
it  ran  at  a  much  higher  level  than  at  present,  and  occupied  a  some- 
what wider  valley. 

These  gravels  occur  at  various  points  along  the  Klondike  river.  In  the 
Klondike  district  they  are  found  covering  the  small  plateaus  in  which 
the  ridges  separating  Bonanza  and  Hunker  creeks  from  the  Klondike 
river  terminate.  They  rest,  in  both  places,  on  high  level  creek  gravels 
at  an  elevation  of  about  460  feet  above  the  present  valley- bottoms. 
They  have  a  thickness  of  from  150  to  175  feet,  and  consist  principally 
of  well-rolled  pebbles,  of  quartzice,  slate,  chert,  granite,  diabase  and 
conglomerate  embedded  in  a  matrix  of  gray  sand  and  derived,  like 
those  in  the  present  stream,  from  the  western  part  of  the  Of;ilvie  range. 
The  high  level  river  gravels  are  reported  to  contain  gold  in  paying 
quantities  at  Acklens  far^,  a  name  given  to  a  portion  of  the  bench  on 
the  right  limit  of  the  Klondike,  two  miles  above  its  mouth,  but  are 
generally  of  little  ecouomic  importance. 
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High  levd  creek  graiodt. — The  high  level  creek  gnvele  consist  prin-  High  level  ^ 
cipally  of  the  importaat  deposit  kaown  as  the  quartz  drift  white  wash 
or  white  chonoel  gravels.     The  latter  name  is  now  generally  aaed  by 
the  miners,  and  is  adopted  in  this  report. 

The  white  channel  gravels  are  ancient  creek  deposits  laid  dowo  in  Wliite  ehan- 
the  wide,  flat-bottomed  volleys  which  characterized  the  region  previous  '^'"'  ^ 
to  the  last  general  upraise.  After  their  depositicm,  the  country  was 
elevated  600  to  700  feet,  and  the  increased  grades  acquired  by  the 
streams  enabled  them  to  cat  down  through  their  old  gravel  beds  into 
the  bedrock  beneath,  and  to  excavate  the  B[«ep-Bided  trough-like  vul- 
leys  in  which  they  now  run.  The  old  gravels  now  occur  on  wide 
benches  bordering  the  present  valleys  at  elevations  of  from  160  to  300 
feet  above  them,  the  elevation  generally  increasing  down  stream. 
Their  distribution  along  the  valleys  is  irregular,  as  a  large  portion  <rf 
the  deposit  was  destroyed  during  the  deepening  of  the  main  valleys 
and  the  tributai^  valleys  and  gulches. 

The  general  character  of  the  white  channel  gravels  is  remarkably 
similar  in  the  various  Klondike  creeks,  but  differs  considerably  from 
the  ordinary  type  of  stream  deposits  in  other  regions.  They  consist  of 
a  compact  matrix  of  suiatl,  clear,  little-wom  aod  often  sharply 
angular  grains  of  quartz  and  scales  of  sericite  thickly  packed  with 
rounded  quartz  pebblee  and  rounded  and  sub-angular  and  wedge- 
shaped  quartz  boulders  often  two  to  three  feet  in  diameter.  Flat  and 
sub-angular  pebbles  of  sericite  schist,  the  principal  rock  of  the  district, 
»re  also  preeent,  but  in  much  smaller  numbers  than  the  quartz  constitu- 
ents. The  schist  pebbles  are  usually  decomposed  and  crumble  rapidly 
when  thawed  out.  The  deposit  is  always  stratified,  but,  except  in  rare 
instances,  there  has  been  no  sorting  of  the  various  constituents  into 
separate  beds,  and  the  composition  is  rery  uniform  throughout.  The 
colour  is  obaraoterietically  white  or  light  gray  due  to  the  preponderance 
of  the  quartz  constituents  and  the  leaching. out  of  the  greater  part  of 
the  iron.  The  colour  is  darker  and  the  sands  are  noticeably  coarser 
towards  the  limit  of  the  deposit  on  the  upper  part  of  the  creeks. 

The  white  channel  gravels  vary  in  thickness  from  a  few  feet  to  150  Yellow 
feet  and  in  width  from  100  feet  to  half  a  mile  or  mire.     The   deposit  e^"^^- 
increases  in  volume  descending  the  stream,  and  attains  its  greatest 
development  neftr  their  mouths. 

The  white  compact  gravel  deposit  described  above  is  overlaid  in  place^ 
by  loosely  stratified  gravels  known  as  the  yellow  gravels.  The  latter  are 
of  a  msty  colonr,  are  more  distinctly  stratified  than  the  white  gravels 
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and  consist  mualy  of  flat  schist  pebbles  lying  loosely  in  a  coftrse  siLitdy 
matrix.  Quartz  pebbles  and  boulders  are  aho  present,  but  are  much 
less  abundant  than  in  the  white  grarels. 

These  upper  gravels  are  not  so  widely  distributed  as  the  white  ((ravels 
bnt  are  present  on  several  of  ti.e  Bonanza  hills  and  at  points  along 
Hunker  oreek.  At  Oold  hill,  on  Bonanza  creek,  the  whiW  gravels 
occur  as  a  buried  ridge  bordering  the  present  valley,  and  the  depression 
between  them  and  the  southern  slope  of  the  old  valley  is  filled  with 
yellow  gravels  to  a  depth  of  115  feet.  The  same  relationship  between 
the  two  deposits  obtains  at  Adams  hill  and  probably  at  other  places, 
bnt  is  only  determinable  where  shafts  have  been  sunk  to  bedrock 
across  the  whole  width  of  the  old  valley. 

fow<ilii!.°'  "  Unlike  the  oreek  gravels,  the  white  channel  gravels  are  destitute,  or 

nearly  so,  of  vegetable  and  puiimal  remsins.  None  were  found  by  the 
writer  and  the  few  reported  discoveries  of  fragments  of  wood  and  bone 
by  miners  are  all  open  to  question. 

On  Dominion  creek  and  its  tributaries.  Sulphur  and  Gold-ran  creeks, 
white  gravels,  almost  identical  in  character  with  the  high  level  white 
channel  gravels  of  Bonanza  and  Hunker  creeks,  occur  in  the  bottoms 
of  the  valleys  underlying  the  present  stream  gravels.  Their  low 
position  in  due  to  the  fact  that  the  present  valley  of  Dominion  creek, 
corresponds,  not  to  the  present  valley  of  Bonanza  and  Hunker  creeks, 
but  to  the  old  valleys  cut  through  by  them, 

wh^p"ciinin.i     The  peculiar  character  of  the  while  gravels  has  led  to  considerable 
gravi'ln.  diversity  of  opinion  in  regard  to  their  origin:  they  have  been  attributed 

to  ice,  stream,  lake  and  fiord  action.  In  some  of  the  sections,  tbey 
bear  a  close  resemblance  to  coarsely  stratitied  till,  but  no  evidences  of 
glaciation  have  been  found  in  the  region.  They  could  not  have  been 
deposited  in  still  waUr,  as  tbey  occur  following  steep  valleys,  heading 
closely  together  and  running  in  opposite  directions,  and  they  differ 
from  cffdinary  stream  deposits  in  tbeir  compactness,  white  colouration, 
and  imperfect  bedding  and  differentiation  of  material. 

They  are  now  regarded  by  the  writer,  although  a  different  view  was 
formerly  entertained,  as  stream  gravels  deposited  under  somewhat 
peculiar  conditions,  chief  among  which  was  an  exceedingly  slow  accu- 
mulation in  streams  of  easy  grades  and  comparatively  slack  currents. 
In  the  present  streams,  the  schist  pebbles  greatly  outnumber  those 
derived  from  the  quartz  veins,  while  in  the  old  streams  the  proportion 
is  reversed,  although  both  derived  their  supply  from  the  same  hillsides. 
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Tha  wash  of  the  old  streama  is  thns,  in  some  raspecte,  a  residual  deposit 
ortmpoaed  largely  of  the  more  renstaot  ooostituents  original];  present, 
the  softer  rocka  having  been  eliiuinated  either  by  abrasion  in  the  bed 
of  the  stream  or  by  the  slov  procees  of  decomposition. 

The  white  channel  gntvele  are  much  older  than  the  other  grarele 
in  the  district  and  probably  date  back  to  the  Fleocene  at  least.  They 
irere  almost  certainly  deposited  when  milder  climatic  conditions 
than  at  present  prevailed,  ae  the  leaching  out  of  the  greater  part  of  the 
iron,  and  the  decayed  condition  of  the  schist  pebbles  must  be  attri- 
buted to  surface  waters,  and  no  circulation  of  these  was  possible  if  the 
gravels,  like  those  in  the  present  streams,  had  been  frozen  together  as 
soon  as  deposited. 

description  of  creeks. 

Gold  Bsabing  Cbrkks  Tbibctaby  to  the  Elondikx  Rivbb 

boitanza  crkkk. 

Bonansa  oreek  is  the  moat  important  of  the  gold-bearing  creeks  of  ^JjJJJ^'  "^ 
the  Klondike  district,  and  is  the  one  on  which  gold  in  large  quantities  creek, 
was  first  discovered.  It  heads  in  the  Dome  ridge  with  branches  of 
Quartz  and  Hunker  creeks  aod  empties  into  the  Klondike  river  tbree 
quarters  of  a  mile  above  Dawson,  after  a  course  in  a  N.W.N,  direction 
of  a  little  over  seventen  miles.  It  has  a  drainage  area  of  approximately 
113  miles.  It  is  a  comparatively  small  stream  even  near  its  mouth, 
irfaere  it  measures,  in  ordinary  stages  of  the  water,  about  fifteen  feet  in 
width  by  three  or  four  inches  in  depth  on  the  bars.  It  flows,  however, 
a  steady  stream  and  seldom  furnishes  leas  than  one  slnioe  head  of  water 
throughout  the  season,  all  along  the  productive  part  of  the  valley. 
The  principal  tributaries  are  Eldorado  creek,  Adams  creek,  Boulder 
creek.  Forty-nine  creek.  Sourdough  gulch  on  the  left,  and  Carmacke 
fork,  Homeetake  creek,  Qauvin  creek.  Queen  gulch  and  Mosquito 
creek  on  the  right. 

The  valley  of  Bonanza  creek  is  characterized  chiefly  by  its  Bonama 
markedly  angular  trough-  like  shape.  The  present  valley  has  been  cut  ""^  '  ^' 
down  in  the  floor  of  an  older  valley  and  that  rapidly  and  almost 
continuously,  as  shown  by  the  steep  lateral  walls  and  the  abeenoe  of 
continuous  lines  of  terraces  in  the  newer  valley.  The  present  valley 
aiually  shows  a  flat  bottom  of  varying  width  commonly  measuring 
from  300  to  600  feet,  bounded  by  steep  sides  ISO  feet  high  at  the 
Eldorado  forks,  and  gradually  increasing  in  elevation  down  the  valley, 
or,  with  a  steep  wall  of  the  same  height  on  one  side  and  an  easier 
slope  on  the  other.  It  follows  a  sinuous  line  bending  with  short  curves 
round  points  that  project  alternately  from  either  side.     The  present 
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valle;  is  exosvated,  u  &  ral«,  along  one  side  of  an  older  uid  mach 
wider  valley,  and  the  general  eSbct  produced  is  asymmetrical.  On  one 
side  the  slope  is  broken,  at  an  elevation,  usually,  of  from  200  to  300 
feet,  by  a  rough  plain  of  irr^alar  size,  but  often  a  third  of  a  mil^ 
wide,  beyond  which  is  an  easy  ascent  of  a  thousand  feet  or  more  to 
the  summit  of  a  bordering  ridge,  while,  on  the  other  aide,  the  slopes 
though  varying  in  steepness,  is  continnoiu  throughout. 

The  plain  of  the  older  valley  is  not  noticeable  in  the  upper  part  of 
the  present  valley,  but  becomes  a  marked  feature  at  McKay  creek, 
three  miles  above  the  mouth  of  Eldorado  creek,  and  is  then  traceable 
along  the  right  bank  down  to  the  Eldorado  forks.  At  the  forks  it 
croaaes  to  the  left  and  follows  the  left  bank  to  Sourdough  gulch,  then 
re-croBses  and  continuee  on  down  the  right  side  to  the  point  of  the 
ridge  separating  Bonanza  creek  from  the  Klondike  river.  Above 
McKay  creek,  the  slopes  of  the  valley  become  more  uniform,  but 
continue,  for  some  distance,  st«eper  on  the  left  side  than  on  the  rightt. 

The  grade  of  the  older  valley  is  less  than  that  of  the  modern  one. 
The  rim  of  tbe  older  valley  at  McKay  guloh  is  IIU  feet  above  the 
present  valley-bottom ;  at  the  forks  it  is  160  feet  and  at  the  month 
its  elevation  is  increased  to  about  300  feet.  The  grade  of  the  present 
valley  below  the  forks  averages  about  fifty  feet  to  the  mile,  and  that 
of  the  older  valley  thirty-three  feet  to  the  mile.  Between  Eldorado 
forks  and  the  Carmaok  forks,  the  grade  of  the  present  channel 
averages  one  hundred  feet  to  the  mile  and  farther  np  increases  rapidly. 
Besides  the  plain  of  the  older  Bonanza  valley,  a  number  of  more 
recent  terraces  occur  at  lower  elevations.  These  terraces  are  rock-cut 
as  a  rule,  are  usually  quite  narrow,  are  only  traceable  for  short  distances^ 
and  recur  at  irregular  distances.  They  are  found  at  intervals  all  the 
way  from  Lovett  gulch  up  to  Victoria  gulch. 

Country  Roeks. — The  rocks  along  Bonanza  creek  consist  almost 
entirely  of  the  light-grayish  and  greenish  sericite  schists  of  tbe 
Klondike  series,  alternating  in  the  upper  parts  with  bands  of  green 
chloritic  schists.  Narrow  bands  of  dark  graphite  schisti  cross  the 
valley  above  the  mouth  of  Adams  creek  and  at  one  or  two  other 
points.  The  sericite  schists  are  often  silicifled  and  inclose  numerous 
small  quartz  veins. 

GraveU. — All  the  gravels  enumerated  on  page  29  are  represented 
on  Bonanza  creek.  Id  order  of  economic  importance  the  present 
valley  gravels  come  first,  then  the  high  level  white  gr&vels,  followed 
by  the  terrace  gravels.  The  high  level  river  gravels  and  the  yellow 
gravels  have  not  proved  productive. 
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The  Tftllej  gravels  oooaist  of  clean,  flat,  fairly  well-worn  pebbles,  I>e»wt«»  of 
mostly  from  one  to  six  inches  in  length  and  one  to  two  inches  in 
thickness,  derived  from  the  light-grayish  and  light-greenish  micaceous 
schists  of  the  neighbourhood,  associated  with  ronnded  and  snbangular 
pebbles  of  quartz  and,  occasionally,  large  quartz  boulders  usually 
angular  in  form.  A  few  pebbles  of  dike-rock  are  generally  present. 
The  material  is  wholly  of  local  origin  and  is  derived  from  the  rooks 
outcropping  ^ong  the  valley.  The  pebbles  are  roughly  shingled  np 
stream,  lie  in  a  matrix  of  coarse  sand  and  are  occasionally  inter, 
stratified,  especially  above,  with  beds  of  sand.  They  rest  on  the  floor 
of  broken  and  decomposed  bedrock,  into  which  the  gold  has  often 
penetrated  to  a  depth  of  three  or  four  feet.  The  gravels  form  a  fairly 
uniform  covering  of  from  four  to  eight  feet  in  thickness  all  across  the 
flat  bottom  of  the  valley.  Their  width  varies  with  the  enlargements 
and  constrictions  of  the  valley,  but  usually  measures  from  300  to  600 
feet,  with  occasional  enlargements  to  900  feet  or  more.  The  width 
increases  gradually  hut  irregularly  down  the  valley. 

They  are  overlaid  everywhere  by  a  bed  of  black  frozen  muck  from  ^I"i^l'- 
five  to  fifteen  feet  in  thickness.     The  muck  occurs  in  most  places  in  a 
massive   bed,  but  is  also  found    interbanded   with   layora  of  sand- 
Small    beds    of  impure  muck  occur  in  places  alternating  with   the 
gravels  almost  down  to  bedrock. 

The  terrace  gravels  have  a  general  resemblance  to  the  stream 
gravels.  They  are  formed  of  the  same  materials,  but  the  pebbles  show, 
as  a  rule,  more  wear.  They  are  roughly  stratified  and  inclnde  beds  of 
small  pebbles  and  sand,  oft«n  showing  cross-bedding.  The  terrace 
gravels  have  a  limited  distribution.  They  rest  on  short,  narrow  rock- 
shelves  distributed  irregularly  along  the  valley,  on  flat  projecting 
points ;  or  are  built  up  at  the  mouths  of  gulches  and  streams.  They 
are  uncovered  at  some  points,  and,  in  other  places,  are  deeply  buried 
beneath  an  accumulation  of  muck  and  rocky  dSrU  from  the  sides  of 
the  valley. 

The  white  gravels,  which,  with  the  associated  yellow  gravels,  floor  Whit*  gravels 
the  older  and  more  elevated  Bonanza  valley,  have  been  described 
generally  on  a  previous  page.  This  unique  and  important  deposit  is 
extensively,  but  not  continuously,  distributed  along  Bonanza  creek. 
It  is  necessarily  absent  where  the  ancient  and  modem  valleys  coincide, 
and  has  also  been  swept  away  in  othsr  places  by  erosion.  It  is  found 
deacending  the  creek,  covering  small  areas  below  McKay  creek  and 
Homestake  creek  and  a  much  larger  area  below  Qaavin  gulch.  At 
the  latter  place  it  rests  on  a  nearly  level  rock  floor  at  an  elevation  of 
14— B— 3J 
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abont  140  feet  above  the  preaeat  valtey-bottom.  It  occurs  uncovered 
along  the  edge  of  the  valley,  bnt  farther  back  is  buried  beneath  an 
accumulation  of  loosely  stratified  gravels  and  sand.  The  total  width 
of  both  deposits  at  this  point  measures  approximately  2,000  feet  and 
the  depth  ninety  feet.  A  shaft  sunk  to  bedrock,  450  feet  back  from 
the  rim,  showed  fifty-five  feet  of  the  loose  up[>er  gravels  and  thirty 
feet  of  the  compact  white  gravels.  The  gravels  of  the  old  valley 
extend  from  Qaavin  gulch  down  Bonanza  creek  almost  to  Eldorado 
forks,  but  the  upper  gravels  only  are  present  along  part  of  this 
distance,  and  are  also  traceable  in  a  narrow  disooDneot«d  band  up 
Ganvin  gulch  for  a  considerate  distance  at  an  elevation  of  abont  100 
feet  above  the  valley-bottom. 

At  Eldorado  forks,  ^e  plain  of  the  old  valley  crosses  to  the  left 
side  of  Bonanza  creek.  A  small  patch  of  gravel  has  been  left  on  the 
point  of  the  ridge  separating  the  two  creeks,  and,  immediately  opposite 
the  forks  and  extending  for  some  distance  up  Eldorado  creek  and  down 
Bonanza  creek  to  Big  Skookum  gulch,  is  the  important  Qold  hill 
depoeiL  The  gravels  here  cover  an  area  about  half  a  mile  in  length 
by  2,000  feet  in  width  and  have  a  maximum  thickness  of  about  116 
feet.  The  white  gravels  outcrop  at  an  elevation  of  150  feet  above  the 
bottom  of  the  valley  and  appear,  so  far  as  one  can  judge  by  the  shafts, 
to  form  a  great  ridge  following  the  edge  of  the  valley,  a  hundred  feet 
or  more  in  height  and  500  to  600  feet  in  width,  with  the  hollow  behind 
filled  up  with  the  yellow  gravels.  The  rock  surface  on  which  the 
gravels  rest  is  roughened  with  small  hollows  and  ridges.  It  extends 
back  from  the  river  at  nearly  the  same  general  elevation  for  several 
hundred  yards;  then  it  rises  somewhat  abruptly  to  the  surface. 

The  white  gravels  are  abeent  between  Big  Skookum  and  Little 
Skookum  gulches  but  oome  in  again  below  the  tatter  on  Adams  hill  and 
continue  to  Adams  creek.  The  gravels  on  Adams  hill  have  a  width  of 
2,000  feet  and  a  depth,  550  feet  back  from  the  rim,  of  130  feet.  The 
arrangement  of  the  white  and  yellow  gravels  is  similar  to  that  on  Gold 
hill.  Below  the  break  formed  by  the  valley  of  Adams  creek,  high  level 
gravels  occur  pret'y  constantly,  except  where  cut  away  by  gulches,  all 
the  way  dowo  to  Fortynine  creek  ;  and  at  one  point  below  Mosquito 
creek  they  cross  the  valley  and  appear  in  a  band  450  feet  wide  and  (en 
to  twenty  feet  in  thickness  on  the  right  hand  side.  The  thickness  of  the 
deposit  on  the  left  limit  often  exceeds  125  feet.  The  width  is  variable 
bat  usually  measures  from  1,200  to  2,000  feet. 
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Below  Fortynine  oreek,  the  deposit  beoomea  less  continaoas  for 
aome  distftnce.  A  small  patch  occurs  below  the  mouth  of  Fortynine 
creek  ;  a  second  opposite  claim  57  below  discover;  ;  and  another, 
the  last,  on  the  left  limit  below  Sonrdoug*!  gnlch.  At  the  latter  point 
it  crosses  the  vallej  to  the  right  limit  above  Cripple  creek  and  con- 
tinnea  down,  gradually  inoreaalng  in  width,  past  Trail  and  Lovett  gul- 
ches and  across  the  platean  in  which  the  ridge  separating  Bonanza 
creek  from  the  Klondike  river  terminates,  to  the  valley  of  the  latter. 
The  volume  of  the  deposit  becomes  greatly  increased  after  crossing  the 
valley.  Its  thickness  on  the  hill  between  Trail  and  Cripple  creeks  is 
223  feet,  and  on  Lovett  gulch  is  not  less  than  160  feet.  The  width, 
near  the  mouth  of  the  valley,  is  over  half  a  mile. 

High  level  river  graveb  occur  on  both  sides  of  Bonanza  creek  near  River  grsTeU. 
its  mouth.  On  the  right  limit  they  rest  on  the  white  channel  gravels 
and  on  the  left  limit  on  rook  benches.  They  have  a  thickness  of  from 
ISO  to  SCO  feet  and  are  found  up  to  an  elevation  of  700  feet  above  its 
present  valley-bottom.  No  gravels  of  any  kind  were  found  above  this 
level.  The  high  level  river  gravels  differ  from  the  creek  gravels  in  being 
well-rounded  and  in  consisting  of  foreign  material,  principally  slate, 
quartzite,  diabase,  etc.,  mostly  obtained  from  the  sources  of  the  Klon- 
dike river. 

Gold  cont&ntt  of  gravels.  — The  creek  gravels  of  Bonanxa  valley  have  Gold  in  creek 
.  proved  prodoctive  from  Victoria  gulch  down  to  the  mouth  of  the  *"'*'^ 
cre^ek,  a  distance  of  about  thirteen  miles.  The  gold  is  distributed 
along  the  creek  in  a  somewhat  erratic  manner.  No  claims  have  been 
worked  at  a  profit  from  the  head  of  the  creek  down  to  claim  No.  43 
above  Discovery,  at  the  month  of  Victoria  gulch.  No.  43  and  the 
succeeding  six  claims  going  down  stream,  were  good  producers,  and 
the  ten  claims  following,  Nos.  36  to  25,  all  proved  remarkably  rich. 
Some  of  these  600  foot  claims  have  yielded  upwards  of  half  a  million 
dollars  each,  or  at  the  rate  of  over  $1,000  per  runniog  foot  of  valley. 
The  gold  tenor  of  the  gravels  decreases  approaching  Eldorado  forks, 
bat  increases  again  below  the  forks.  A  short  stretch  of  the  creek 
above  Discovery  claim,  half  a  mile  in  length,  was  exceedingly  rich  and 
in  spots  almost  fabulously  so.  A  fraction  at  the  mouth  of  Little 
dkookum  gulch,  about  eighty  feet  in  length,  commonly  known  as  Dick 
Low's  fraction,  is  reported  to  have  yielded  over  $300,000.  The  claims 
below  Discovery  down  into  the  fifties  all  yield  well.  In  the  lower 
part  of  the  creek,  the  gold  in  the  gravels  becomes  finer  and  less  plenti- 
ful, but  there  are  few  claims,  if  any,  right  down  to  the  mouth  of  the 
creek,  which  cannot  be  worked  at  a  profit  under  present  conditions. 
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The  Btmsna  creek  streAin  gr&Tela,  below  Victoru  galch,  are  seldom 
entirely  barren,  and  along  the  more  productive  portions  of  the  creek 
have  bean  worked  from  rim  to  rim  aaroas  the  whole  width  of  the 
vftlley-bottom.  The  values  are  irregolar  but  are  not  oonfined  to  one 
particular  pay-streak,  and  are  usually  largely  dependent  en  the  condi- 
tion of  the  bedrock.  Where  this  is  smooth  and  soft,  the  gold  slips 
along  it,  and  is  collected  where  the  harder  nchists  form  natural  riffles. 
The  gold  occurs  both  in  the  gravel  and  in  the  anderljring  shattered 
bedrock.  From  two  to  four  feet  of  bedrock  are  asnally  mined  and 
washed  and  from  four  to  six  feel  of  gravel. 

Gold  in  white  The  white  channel  gravels  are  scarcely  inferior  in  economic  import- 
gravels.  ^<t^  ^  ^*  creek  gravels.  Claims  of  varying  riohoess,  often  several 
tiers  deep,  have  been  staked  on  this  deposit  wherever  it  occnrs,  all  the 
way  from  McKay  gulch  down  to  the  lower  end  of  the  valley.  The  most 
productive  part  extends  from  Eldorado  forks  down  stream  to  Boulder 
creek,  a  distance  of  three  miles.  In  this  etretcb,  a  [pay-streak  nearly 
1,000  feet  in  width  in  places,  has  paid  to  work  by  methods  entailing 
an  expenditure  of  from  four  to  six  dollars  per  cubic  yard  of  material 
mined.  In  the  early  dxya  of  the  camp,  when  rocking  was  the  only 
means  of  working  the  gravel,  the  cost  was  evon  greater.  In  the  richest 
places  whole  claims  are  reported  to  have  yielded  over  sixty  doUsrs  per 
superficial  yard,  while  values  of  from  twenty  to  forty  dollars  per  square 
yard  of  surface  were  common.  In  the  lower  part  of  the  valley  the 
values  are  less,  but  claims  have  been  staked  and  worked  at  a  profit  as 
far  down  as  Lovett  gulch. 

IDutribution  The  distribution  of  the  gold  in  the  white  channel  gravel  follows 
tho  usual  rule  in  creek  gravels.  It  is  mostly  cont^ntrated  in  the  lower 
three  to  five  feet  of  gravel  and  the  underlying  one  to  two  feet  of  bed- 
rock. The  bedrock,  while  more  decomposed,  is  not  shattered  so  badly 
as  in  the  present  creek  channel,  and  the  gold  has  not  descended  so  far. 
The  npper  surface  of  the  pay  gravel  is  irregular,  and  in  some  instances 
the  pay  has  been  followed  upward  eight  to  ten  feet  or  more  above  bed- 
rock. In  places  where  the  bedrock  is  uneven,  the  gravels  on  the 
summits  of  the  wavy  elevations  usually  carry  greater  values  than  those 
in  the  depressions. 

While  the  greater  part  of  the  gold  in  the  white  channel  gravels  is 
found  close  to  bedrock,  the  deposit  carries  some  values  throughout 
and  it  is  this  fact  which  gives  it  such  great  importance  in  view  of 
future  hydranlicicg  operations.  Leas  than  half  per  cent  of  the  total 
volume  of  the  deposit,  estimated  at  250,000,000  cubic  yards  on  Bon- 


ib.  Google 


MtWHMBLL.]  DBeCBIFTION   OF  CSBBKB  39   B 

anzft  creek  alone,  has   been   worked   or  is  work&ble   hy  the  <l^iftil^: 
method 

The  terrace  gnveU  of  Bonanza  creek  yielded  well  while  they  lasted, 
bat  occurred  in  small  deposits  and  were  soon  exhausted.  The  yellow 
gravels  associated  with  the  white  gravels  and  the  high  level  river  gravels 
have  not  proved  remunerative  with  present  me^ods. 

Character  of  gold. — Bonanza  creek  gold  occurs  in  coarse,  rough,  Bonanzkcr«ek 
usually  flatish  grains  in  the  upper  part  of  the  creek  and  in  similar  bat  ^  ' 
amaller  scales  in  the  lower  part.  Nuggets  are  obtained  occasionally 
from  most  of  the  claims  bat  are  not  plentiful,  except  near  the  mouth 
of  little  Skookum  creek.  They  are  small,  as  a  rule,  seldom  exceeding 
half  an  ounce  in  weight,  and  no  very  large  ones  have  been  found.  The 
naggete  are  often  crystalline  in  character  and  nearly  always  inclose 
grains  and  fragments  of  qnartz.  The  value  of  the  gold  above  Eldorado 
creek  averages  about  $16.75  per  ounce.  Below  Eldorado  creek, 
the  value  drops  to  about  $16.00  per  ounce  and  in  the  lower  part 
of  the  creek  is  about  $16.29  per  ounce.  The  gold  in  the  white  channel 
gravel  is  lighter  in  colour  than  in  the  creek  gravels,  is  slightly  lower 
in  grade  and  is  more  angular  and  include,  a  larger  propurtion  of  nuggets. 

The  tributaries  of  Bonanza  may  be  separated  into  creeks  occupying  Boduu  creek 
fiat-bottomed  valleys  and  those  in  Y-shaped  gulches.  None  of  the 
larger  creeks,  with  the  exception  of  Hldorado  creek,  which  is  described 
separately,  have  yielded  much  gold.  Adams  creek  enters  Bonanta  creek 
a  mile  below  Eldorado  creek  on  the  same  aide.  It  is  nearly  equal  in 
size  to  Eldorado  creek,  outs  the  same  rocks,  and  its  valley  is  almost 
precisely  similar  in  general  oharaoter,  yet  one  creek  ranks  among  the 
greatest  producers  ever  discovered,  while  the  others  have  yielded  only 
insignificant  amounts.  A  few  claims  have  been  worked  on  Adams 
oreek  below  the  mouth  of  Stampede  gulch,  and  some  gold  has  been 
taken  out,  but  no  continuous  pay-streak  has  been  discovered.  Boulder 
creek,  two  miles  below  Adams  creek,  is  also  similarly  barren  except  for 
a  short  distance  near  its  mouth.  In  upper  Bonanza,  Gauvin  and 
H<MBestake  creeks  ar«  both  worked  to  some  extent  for  a  couple  of 
miles  above  their  mouths.  The  plain  of  the  old  valley  extends  up  the 
former  nearly  to  its  head,  and  carries  pay  gravels  in  places. 

Among  the  more  important  Bonanza  gulches  are  Victoria,  O'Keil  Qulchefi. 
and  Beady  Bullion,   on  upper  Bonanza;    Big  Skookum,   Magnet, 
American,  Fox,  Monte  Christo  and  Lovett  gulches  on  lower  Bonanza. 

Victoria  gnlch,  the  moat  productive  of  the  upper  Bonanza  gulches, 
enters  Bonanza  creek  from  the  left,  one  and  three  quarter  miles  below 
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Carmacks  fork  ftnd  ftlraoat  at  the  head  ol  the  prodactive  part  of  the  oreek. 
It  heads  with  Oay  gulch,  a  gold  bearii^  tributary  of  Eldorado  creek. 
It  ia  about  two  miles  in  length  and,  in  character,  conforms  strictly  to 
the  gulch  type.  At  the  head  is  a  steep  regular  amphitheatrical 
deprossion  leading  iutoa  narrow  angular  valley  that  gradually  enlarges 
down  stream.  It  has  a  fall  of  about  nine  hundred  feet.  The  narrow 
£utter-like  bottom  of  the  valley  is  covered  with  from  two  to  seven  feet 
of  coarse  angular  gravel  and  slide  rock,  overlaid  by  a  few  feet  of  muck. 
The  gold  from  this  gulch  is  coarse,  and  in  the  upper  part  was  exceedingly 
rough  and  angular,  and  looking  as  if  ib  had  just  dropped  out  of  crevices 
in  the  quartz. 

A  small  tributary  of  Victoria  guloh,  known  aa  No,  7  pup,  has  also 
been  found  gold  bearing  for  a  distance  of  half  a  mile  above  its  mouth. 
It  joins  Victoria  gulch  on  No.  7  claim  and  is  simply  a  shallow 
d^ression  in  the  hillside.  It  has  a  steep  grade  rising  four  hundred 
feet  in  the  first  seventeen  hundred  feet  of  its  course.  The  gravel  is 
angular  and  consists  principally  of  almost  unworn  slide  rock.  The 
gold  is  also  coarse  and  angular  and  includes  some  large  nuggets.  A 
flat,  oblong,  unworn  nugget,  found  on  No.  7  claim,  weighed  four  and  a 
half  ounces. 

Beady  Bullion  and  O'Neil  gulches  are  similar  in  character  to  Vic- 
toria guloh.     Both  yielded  small  amounts  of  gold. 

The  productive  lower  Bonanza  gulches,  between  Adams  and  Boalder 
creeks,  difier  in  some  respects  from  those  just  described.  They  out 
through  the  white  channel  gravels  and  have  not  proved  productive, 
beyond  the  edge  of  this  deposit.  The  rich  claims  near  their  mouths 
have  evidently  derived  their  supply  of  gold  from  the  older  gravels  and 
not  from  original  sources.  Big  Skookum  gulch,  above  Adams  creek, 
was  similarly  enriched  near  its  mouth  with  gold  concentrated  from  the 
white  channel  gravels,  but  a  few  claims  near  its  head  also  ooatain  coarse 
angular  gulch  gold. 

BLDORADO  CBBBR. 

ChftraottTof  Eldorado  creek,  the  most  important  tributary  of  the  Bonanza  creek, 
EldOTMis  ig  a  small  stream  about  seven  miles  in  length  and  from  three  to  six 
feet  in  width  at  its  mouth.  It  carries,  late  in  tlie  season,  barely  a 
sluice  head  of  water.  The  valley  is  flat-bottomed  for  three  or  four 
miles  above  its  mouth,  but  narrow,  the  flats  seldom  exceeding  300  feet 
in  width.  The  present  valley  is  excavated,  like  Bonanza  creek  (of 
which  it  is  a  continuation)  in  an  older  and  wider  one.     It  shows  the 
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same  chftracteriatics  as  Bonanza  valley,  having  a  trough -like  depression 
below,  150  feet  deep  and  from  225  to  450  feet  in  width,  above  which 
the  slope  is  coatinaoos  and  fairly  steep  to  the  snmmit  of  the  ridge  on 
the  right  limit,  bat  on  the  left  is  interrupted  by  the  plain  of  the  old 
valley,  usually  about  a  quarter  of  a  mile  in  width.  Beyond  the  plain 
the  upward  slope  recommences,  but  at  a  tower  angle.  The  plain  of  the 
old  valley  follows  the  left  bank  of  Eldorado  creek  for  two  miles  above 
its  mouth.  Above  this  it  follows  the  rightbank  to  a  point  above  Oro 
Qrande  gulch,  where  it  disappears.  The  upper  part  of  the  valley, 
from  Chief  gulch  upward,  is  narrow,  steep  and  V-sbaped.  Narrow 
terraces  occur  at  intervals  in  the  lower  part  of  the  valley,  but  do  not 
form  a  conspicuous  feature. 

Coitntry  rodu. — A  few  narrow  diabase  dikes  croes  the  lower  part  of 
Eldorado  creek,  and  narrow  bands  of  dark  graphitic  schists  were 
noticed  in  one  or  two  places,  but  with  these  exceptiom  the  valley  is 
cut  altogether  out  of  the  light-coloured  micaceous  schists  on  the 
Klondike  series.  Quartz  veins  are  everywhere  present,  some  carrying 
free  gold. 

Gravelt. — The  Eldorado  creek  gravels  are  precisely  similar  to  thoae 
on  Bonanza  creek.  They  consist  of  from  five  to  nine  feet  of  flat 
scbifltose,  and  angular  or  rounded  quartz,  pebbles,  covering  the  bot- 
tom of  the  valley  in  a  fairly  uniform  sheet,  overlain  by  a  few  feet  of 
frozen  muck. 

The  white  channel  gravels  have  an  elevation  above  the  preeent  val-  White  ohui- 
ley  bottom,  at  the  mouth  of  the  creek,  of  150  feet,  and  three  milee  ""  ^"''''  ' 
farther  up,  where  they  disappear,  of  125  feet.  They  consist,  as  on 
Bonanza  creek,  of  a  white  compact  deposit  below  and  an  upper  series 
of  stratified  flat  pebbles  overlying  these.  Areas  of  white  gravels 
occur  at  the  mouth  of  Eldorado  creek,  forming  part  of  the  Gold 
hill  deposit  previously  described,  and  on  French  hill,  immediately  below 
French  gulch,  while  smaller  patches  occur  about  half  a  mile  below 
French  gidch  on  the  same  side,  and  half  a  mile  below  Uay  gulch  on  the 
right  limit.  A.t  the  latter  point,  the  deposit  occurs  for  ths  last  time 
ascending  the  creek.  It  is  quite  narrow  and  has  a  thickness  of  only 
eighteen  feet.  It  lies  in  a  shallow-pitted  channel-like  depression  run- 
ning parallel  to  the  present  valley.  At  French  hill  it  has  a  thickness, 
including  the  upper  gravels,  of  over  a  hundred  feet.  The  occurrences 
between  French  hill  and  Qold  hill  are  small  and  unimportant. 

Gold  eonlenU  of  gravels. — Eldorado  creek  has  proved   the  richest  q^jj  product- 
creek  in  the  Klondike  district  and  one  of  the  greatest  placer  creeks  '■°'^- 
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erer  diaoovered.  The  clumii  kra  nnmbered  from  the  month  up,  uid&re 
ftpproximAtel;  500  feet  in  length.  The  first  thirty-Mveo  claims,  with 
a  few  interveninf;  fractions,  have  yielded  {old  of  an  estimated  value  of 
between  twenty  and  twenty-five  million  dollars  and  several  millions 
will  be  added  to  this  amount  before  the  creek  is  exhausted.  The  moat 
productive  portion  of  the  creek  extends  from  its  mouth  up  the  Gay 
gulch,  a  distance  of  about  three  and  a  half  miles.  The  gravels  on  this 
stretch,  with  the  exception  of  those  on  claims  34  and  35  and  on  claims 

RichcUimfc  18  to  21,  were  all  extraordinarily  rich.  No.  17,  at  themouthof  French 
gulch,  reputed  to  be  the  richest  claim  in  the  whole  district,  has  yielded 
nearly  a  million  and  a  half  dollars  worth  of  gold,  and  claims  Nob.  5, 
16  and  30  almost  rival  it  in  importance.  Above  Qay  gulch  the  gold 
in  the  gravels  diminahes  in  quantity  and  is  more  erratic  in  its  diatribu- 
tion,  but  mining  has  been  done  up  to  the  month  of  Chief  gulch 
and  a  narrow  pay-streak,  carrying  values  in  places,  has  been  traced 
for  some  distance  beyond.  The  pay  gravels  of  Eldorado  creek,  like 
those  on  the  greater  part  of  Bonanza  creek,  extend,  although  the  values 
vary  somewhat,  across  the  whole  width  of  the  valley-bottom.  They 
are  shallow,  seldom  exceeding  four  to  six  feet  in  thickness.     A  con- 

Cuotmiuttion  sider&ble  proportion  of  the  gold  occurs  in  the  partings  of  the  under- 
^^'  lying  schistose  bedrock  and  from  two  to  four  feet  of  this  is  usually 

mined  and  washed.  Terrace  gravels,  often  moderately  rich,  occur 
along  the  valley  at  intervals  from  Qay  gulch  down  to  the  mouth. 

The  white  channel  gravels  ore  less  important  than  on  Bonanza 
creek.  Fart  of  the  rich  Qold  hill  occurrence  of  this  deposit,  pre- 
viously described,  extends  up  the  valley  of  Eldorado  creek.  A  num- 
ber of  the  claims  on  French  hill  also  proved  very  rich  and  fair  results 
have  been  returned  from  the  occurrence  above  Oro  Grande  gulch. 

Ci'^o'sr  °'  Eldorado  gold  b  very  coarse  and  is  often  angular  and  almost  unworn. 
Nuggets  are  more  plentiful  than  on  the  other  creek,  and  are  often 
crystalline  in  form.  Several  nuggets,  valued  at  from  $100  to  (1,000, 
have  been  obtained  from  the  upper  part  of  the  pay  streak.  The  gold 
is  lighter  in  oolonr  and  of  a  somewhat  lower  grade  than  on  Bonanza 
creek,  the  assay  value  usually  varying  from  $15.50  to  $15.75  per  ounce. 

TViiutdT-Ms  of  the  Eldorado. — The  tributaries  of  Eldorado  creek,  like 
those  of  Bonanza  creek,  are  comparatively  unimportant.  Some  gold  has 
been  obtained  from  Gay  gulch,  Nugget  gulch,  the  lower  part  of  French 
gulch,  and  from  claim  No.  6,  on  Chief  gulch.  The  gulches  are  steep, 
and  most  of  the  gold  received  by  them  from  the  hillsides  has  been 
carried  down  into  the  main  vallev. 
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Hnnkw  creek  is  a  tributary  of  tho  Klondike,  into  which  it  empties,  ^'jJ^J^J^ 
six  milea  »bove  the  mouth  of  Booanza.  It  heads  close  to  the  Dome, 
with  Dominion  creek,  and  flows  in  a  north-westerly  direction.  It  has 
a  length  of  fifteen  mites,  and  is  about  equal  in  size  to  Booanu  creek. 
The  most  important  tribntarieH  are  Jjut  Chance  and  Qoldbottom 
creeks,  both  of  which  come  in  from  the  left. 

FaUey. — The  valley  of  Hunker  creek  is  remarkably  similar  to  that 
of  Bonanza  creek,  and,  like  it,  its  present  form  is  due  to  a  seoondaiy 
valley  sunk  in  tht  floor  of  an  older  one.  The  recent  valley,  near  its 
mouth,  is  sunk  through  100  feet  of  gravel  and  300  feet  of  bedrock. 
It  i&  a  steep-sided.  Oat-bottomed  trot^;h,  two  to  four  hundred  yards 
wide  near  the  mouth,  but  gradually  narrowing  up  stream.  Its  width 
is  more  irregular  than  Bonanza  valley,  and  the  basins  developed  at 
intervals  in  the  lower  part  are  widar.  The  plain  of  the  old  valley  is  a 
marked  feature  from  the  mouth  up  to  a  point  a  mile  above  Gold-' 
bottom  creek,  a  distance  of  eight  milee.  It  disappears  there,  but 
comes  in  again  for  a  short  distance  a  mile  and  a  half  farther  up. 

A  few  rock-cut  terraces  occur  below  the  plain  of  the  old  valley,  but 
are  seldom  very  conspicuous.  Like  those  on  Bonanza  creek,  they  are 
narrow,  irregular  in  height,  and  nsnally  quite  short. 

CoitntTy  Rocks. — The  rocks  along  the  upper  part  of  Hunker  creek  iS«iiog3- 
consist  of  the  light  coloured  serioite  schists  and  the  greenish  chlorite 
schists  of  the  Klondike  series,  cut  in  places  by  small  areas  of  recent 
volcanic  rocks,  principally  andesites  and  quartz  porphyriee.  From 
Colorado  creek  down  nearly  to  Henry  gulch,  the  dark  quartz-mica 
schists  of  the  Nasina  series  occur  most  frequently.  An  area  of 
Tertiuy  sedimentary  rocks,  associated  with  andeeite,  outcrops  at  the  ^ 
month  of  Lost  Chaooe  creek.  Above  Henry  gulch,  the  rooks  of  the 
Klondike  serioa  reappear  and  continue  to  the  mouth  of  the  creek. 

Gravds. — The  gravels  on  Hunker  crrak,  like  those  on  Bonanza  D^Bcnptjon  of 
creek,  are  of  four  different  kinds,  viz.,  the  present  creek  gravels,  the  frravek- 
terrace  gravels,  the  white  channel  gravels  and  a  sheet  of  high  level 
river  gravels  overlying  the  white  channel  gravels  near  the  mouth  of  the 
valley. 

The  creek  gravels  are  all  local  in  origin,  and  are  similar  in  character 
to  the  Bonanza  creek  gravels.  They  consist  of  flat  schistose  gravels, 
snbangular  quartz  pebbles  and  boulders,  and  occasional  pebbles  derived 
from  the  newer  eruptive  rocks.     They  have  a  thickness  of  from  four 


ib.  Google 


44  B  KLONDIKE  GOLD  riBLDS 

to  ten  feet,  uid  are  overlain  bj  from  five  U  twenty  feet  ot  mack  or 
peatj  material.  At  Discovery  cl«m,  the  thickneaa  of  both  mock  and 
gravel  ia,  for  a  short  difitaoce,  losa  than  t«D  feeL 

Tlie  terrace  grarela  are  more  rounded  than  the  creek  gravela,  bat 
are  otherwise  very  similar.  They  occur  in  narrow,  disconnected  strips 
along  both  sides  of  the  valley,  at  various  elevations  up  to  300  feet 
above  the  present  valley-bottom.  They  have  a  maximum  thlckDess, 
in  the  sections  examined,  of  seventeen  feet,  and,  in  [daoes,  are  of 
considerable  economic  importance. 

DubribotioD         Jhe  white  channel  navels  have  a  wider  distribution  alooa  Hunker 

of  white  Chan-  ,,  ",  ^  ** 

nelgnveli.  creek  than  on  any  other  creek  m  the  district.  They  commence, 
deeoending  the  valley,  in  a  comparatively  thin  narrow  baud  on  the 
right  limit  opposite  number  four  below  Discovery,  where  they  occupy 
a  basin-shaped  depression  on  both  sides  of  number  six  gulch.  They 
are  absent  below  this  point  for  some  distance,  but  reappear  on  the  left 
limit  half  a  mile  above  Goldbottom  creek,  and  continue  down  on  the 
same  side,  except  when  broken  through  by  the  valleys  of  the  larger 
tributaries,  to  Henry  gulch,  near  the  mouth  of  the  valley.  A  few 
small  patches  also  occur  on  the  right  limit  between  Goldbottom  and 
Hester  creeks.  Below  Lsst  Chance  creek  the  main  deposit  crosses 
Hunker  valley  and  continues  bhroagh  in  a  wide  band  to  the  Klondike 
valley. 

The  character  of  the  white  channel  gravels  on  Hunker  Creek  is 
very  similar  to  that  on  Bonanza  creek.  Where  typically  developed 
they  form  a  grayish,  almost  white,  compact  deposit,  consbting  mainly  of 
serioite,  clear  angular  quartz  grains,  quartz  pebbles  and  boulders  and 
a  few  schist  pebbles  and  boulders.  They  are  also  overlain  in  places 
as  on  Bonanza  creek,  by  a  yellowish,  loosely  stratified  deposit  of  flat 
pebbles  derived  mostly  from  the  Klondike  schists.  The  thickness  of 
tt^e  white  channel  gravels,  between  Goldbottom  and  Last  Chance 
creeks,  ranges  from  20  to  100  feet  and  the  width  from  500  to  2000 
feet.  Below  Last  Chance  creek  tbey  have  a  thickness  of  over  100 
feet  and  a  width  of  nearly  a  mile. 

On  Paradise  hill,  below  the  mouth  of  Hester  creek,  the  white 
channel  gravels  show  some  modifications.  The  lower  gravels  here,  as 
shown  in  a  couple  of  shafts,  consist  almost  entirely  of  well-rolled 
qoartz  pebbles  and  boulders  embedded  in  the  usual  white,  fine-grained 
quartz  sericite  matrix.  These  quartz  gravels  are  barren  or  nearly  so, 
but  are  overlaid  by  auriferous  beds  consisting  partly  of  schist  and 
partly  of  quartz  pebbles.     The  two  gravels  are  distinctly  di&rent  in 
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ch»rttcter,  Kod  the  abrapt  passEige  from  one  to  the  other  apparentlj 
indioftteB  a  break  in  deposition. 

The  high  level  river  gravels  are  confined  to  the  lower  part  of  the 
valley  where  they  overly  the  white  channel  gravels,  on  a  small  plateau 
separating  Hunker  oroek  from  the  Klondike  above  their  junction. 
They  also  occur  on  the  left  limit  resting  on  a  rock-cut  terrace. 

Oold  contents  of  graveU.—Vt,j  gravels  occur  along  Hunker  creek  PruduciDK 
from  Claim  No.  46  above  Discovery  on  the  right  fork,  down  to  the  ""' 
mouth  of  the  valley,  a  distance  of  over  twelve  miles.  A  stretch  of  the 
creek  about  a  mile  in  length,  inoluding  Discovery  claim  and  a  few 
olMms  above  and  below  it,  proved  very  rich,  the  yield  in  places  amount- 
ing to  $1000  per  nmaing  foot  of  valley.  Another  long  stretch  of 
almost  oontinuouely  rich  gravel  extends  from  the  mouth  of  Qotdbottom 
down  stream  a  distance  of  a  mile  and  a  half.  Qood  pay  has  also  been 
found  at  a  number  of  points  below  this,  notably  on  claim  No.  71  below 
Discovery,  and  near  the  mouth  of  Henry  gulob,  on  what  is  known  as 
the  Anderson  concession.  On  claim  No  71  the  gold  has  mostly  sunk 
down  into  the  bedrock,  oonaisting  here  of  broken  andesite,  and  the 
overlying  gravels  are  almost  barren, 

The  whit«  channel  gravels  have  not  proved  so  rich  as  on  Bonania  Value  of  white 
creek,  but  a  number  of  claims  yielding  good  values  have  been  worked  ^]^2t' 
for  some  distance  above  and  below  Qoldbottom  creek,  on  Paradise 
bill,  below  Hester  creek,  and  on  Last  Chance  creek  and  Dago 
gulch.  On  Paradise  hill  the  gravels  on  bedrock  are  barren,  and  the 
gold  occurs  in  an  upper  layer  six  to  ten  feet  in  thickness.  The  scarcity 
of  water  on  the  hill  sides  has  seriously  interfered  with  the  working  of 
the  high  level  gravels  of  Hunker  creek,  and  the  gi-eater  part  of  the 
deposit  is  too  low  grade  to  bear  the  expense  of  pumping  water  for 
sluicing  purpoees. 

Hanker  creek  gold  occurs  in  bulky  rounded  grains  along  the  upper 
narrow  portion  of  the  valley  in  the  n&ual  rough  fiattisb  grains  and 
Boales  farther  down.  Nuggets  are  fairly  numerous  in  ^e  rich  stretch 
near  Discovery  claim  and  also  In  some  of  the  claims  below  Gold- 
bottom.  They  are  occasionally  found  aa  far  down  as  Henry  gulch. 
The  gold  from  about  claim  No.  4S  to  No.  69  below  is  generally 
darkened  on  the  surface  by  iron.  The  assay  value  of  Hunker  creek 
gold  averages  about  $17.26  per  ounce  above  Ooldbottom,  and  from 
(16.50  to  $17.00  per  ounce  for  some  distance  below.  On  the  Anderson 
concession,  near  the  lower  part  of  the  valley,  the  grade  is  lower,  some 
<A  it  averaging  lees  than  $15.00  per  ounce. 
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Hunker  oresk  The  two  principal  gold  bearing  tributaries  of  Hunker  creek  are 
Uoldbottom  and  Last  Chance  creeks.  Goldbottom  creek  is  almost 
equal  in  size  to  the  main  stream  at  their  cooflnence,  and  baa  a  length 
of  about  six  miles.  It  oarries  gold  almost  to  its  head,  but  the  distribu- 
tion of  valnee  is  irregular  and  no  very  rich  claims  have  been  found. 
The  beat  ground  occurs  near  its  mouth. 

lAst  Chance  oreek,  a  stream  about  six  miles  in  length,  enters  Hunker 
creek  from  the  left  near  the  lower  end  of  its  valley.  It  is  gold  bearing 
up  to  the  forks,  a  distance  of  four  mitee,  and  a  number  of  the  claims, 
eepecially  in  the  first  mile,  have  proved  highly  profitable.  The  white 
channel  gravels  follow  the  left  limit  up  to  !No.  IS  pup,  a  distAnce  oi 
two  and  b  half  miles,  and  are  fairly  rich  in  places.  The  gold  obtained 
from  the  upper  part  of  this  occurrence  is  noted  for  its  crystalliEed 
character.  Last  Chance  gold  is  low  grade,  usually  assaying  from  (14.60 
to  $15.00  per  ounce. 

Other  tributaries  of  Hunker  creek  that  have  been  worked  to  some 
extent  are  Mint  gulch,  Hester  creek,  Eighty  pup,  Henry  and  Dago 
gulchee,  on  the  left  limit,  and  Hattie  gulch  on  the  right  limit.  With 
the  exception  of  Hint  gulch,  the  gold  in  these  small  gulches  has  mostly 
been  derived  from  the  white  channel  gravels. 

BBAK  CBBKK. 

Character  of  Bear  creek  empties  into  the  Klondike  two  milee  below  Hunker 
creek.  It  is  a  much  smaller  and  less  important  stream  than  Hunker 
and  Bonanza  creeks.  It  has  a  length,  including  Lindow  creek,  of  about 
five  miles,  and  occupies  a  narrow-bottomed  box-shaped  valley,  which 
gradually  narrows  to  a  gulch  towards  its  bead.  Bear  creek  has  not  proved 
particularly  rich,  although  some  good  cl«ms  have  been  worked  near  its 
mouth,  and  moderate  pay  is  found  almost  up  to  the  head  of  Lindow 
creek.  The  gold  is  low  grade,  usually  assaying  less  than  flS.OO  per 
ounce. 

The  plain  of  the  old  valley  is  conspicuous  along  the  left  limit  of 
Bear  creek  up  to  Discovery  pup.  A  small  patch  of  the  white  channel 
gravels  occurs  opposite  Discovery  pup  at  a  height  of  360  feet  above 
the  present  valley-bottom.  The  deposit  here  has  a  thickness  of  eight- 
een feet  and  is  lees  compact  than  usual.  It  carries  pay  values  in 
places. 

ALLOOLD  CBEKK. 

Chsnoterof        Allgold  creek  heads  with  Dominion  and  Hunker  creeks  near  the 
^°    "*     '  Dome,  but  flows  in  the  opposite  direction  toward  the  flat  creek  depres- 
sion and  is  the  only  creek  draining  the  eastern  and  north-eastern  slops 


ib.  Google 


M'OOKKILL.l  QOLD   BKABINO  STREAMS,    STC  47   B 

of  the  Kilondiks  hills  on  which  gold  in  paying  quantities  has  so  far 
been  •discovered.  It  was  staked  during  the  early  days  and  a 
fev  holes  were  sunk  to  bedrock,  bat  as  no  particularlj  rioh  spots  were 
found,  the  claims  were  all,  or  nearly  all,  abandoned.  They  have  been 
re-staked  daring  the  laat  two  seasons  and  pay  gravels  have  been  fonnd 
at  a  number  of  points.  The  longest  pay  stretch  bo  far  discovered  occurs 
near  the  month  of  the  creek,  where  several  consecutive  claims  are  being 
worked.  The  pay  is  light,  none  of  the  claimn  yielding  much  more  than 
good  wages. 

The  elevated  white  channel  gravels  occur  in  considerable  volume  on 
the  left  limit  of  Allgold  creek,  along  the  lower  portion  of  the  valley, 
and  are  overlaid,  as  usual,  near  the  mouth  of  the  creek,  by  rounded  high 
level  river  gravels.  They  rest  on  a  rock  bench  of  varying  width 
cut  into  the  side  of  the  valley  at  an  elevation  of  from  150  to  260  feet 
above  the  present  creek  bottom,  the  elevation  increasing  down  stream. 
The  Allgold  white  channel  gravels  have  not  so  far  yielded  gold  in 
paying  quantities,  bat  practically  no  work  has  been  done  on  them, 
owing  to  the  scarcity  of  water  for  sloicing  purposes. 

Allgold  creek  gold  is  high  grade,  having  an  assay  value  of  about 
217.75  per  ounce. 

GOLD  BEAEINU  STREAMS  TEIBUTARY  TO  INDIAN  RIVER. 

DOKUnOH    CBBKK. 

Dominion  creek  is  the  largest  and  one  of  the  most  important  of  the  Domfnii 
gold-bearing  creeks  of  thb  district.  It  heads  the  Hunker  creek  near  crM''- 
the  Dome,  and  flows  at  first  in  an  easterly  direction,  but  gradually 
bends  round  to  the  south  and  then  to  the  west  before  uniting  with 
Austa^ia  creek  to  form  the  Indian  river.  Its  length,  following  the 
valley  round  its  semi-circular  course,  is  about  thirty  miles.  The 
principal  tributaries  are  Caribou,  Portland,  Laora,  Hunter,  Qold-ran 
and  Solphur  creeks  from  the  right,  and  Lombard,  Remington,  Cham- 
pion, Nevada,  Jansen,  Kentucky,  and  Rob  Roy  from  the  Wt. 

Valley. — Dominion  creek  valley  heads  in  a  steep  amphitheatrical 
depression,  very  regular  in  form,  cut  into  the  divide  between  Dominion 
and  Hunker  creeks.  Lower  down  a  deep  narrow  valley  is  developed, 
with  steep  slopes  almost  meeting  below.  Still  further  down,  the  bottom 
slowly  widens  out ;  small  muck-covered  flats,  increasing  gradually  in 
width,  border  the  winding  stream,  the  grade  diminishes  and  the  slopes 
up  to  the  high,  bounding  ridges  become  easier.  In  the  tower  part  of 
Dominion  creek  the  flats  have  an  extraordinary  width  compared  to  the 
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riza  of  th«  Btream.  From  Janseo  creek  to  the  month,  thc^  nearly 
everywhere  exceed  a  third  of  a  mile  and,  in  place*,  spread  oat  to  half  a 
mile  or  more.  The  stream  itself,  at  the  month,  has  a  vidth  of  about 
twenty-five  feet  with  an  average  depth,  on  the  bars,  of  about  a  foot. 

Terraces  have  been  traced  along  the  left  limit  of  Dominion  creek 
from  Lombard  creek  to  about  two  miles  below  Jaiuien  creek.  They 
also  occur  along  the  lower  part  of  the  valley,  but  at  wider  intervals. 
The  terraces  are  low,  seldom  exceeding  forty  feet  in  height,  and  in 
some  caaes  are  less  than  ten  feet  above  the  valley-bottom.  They  are 
wider  than  the  Bonanza  terraces. 

Dominion  creek  differs  from  Bonanza  creek  and  other  creeks  extend- 
ing along  the  EHondike  in  not  possessing  a  well  marked  secondary  val- 
ley. The  present  valley-bottom  below  Bumham  creek  is  supposed  to 
represent  the  elevated  benches  that  border  the  Klondike  streams. 
The  reason  for  this  is  discnsaed  in  the  description  of  the  gravela 

Q«>'ofty.  Country  rocks  — The  rocks  of  Dominion  creek  have  a  greater  variety 

than  on  the  ot^er  creeks  in  the  district.  The  upper  part  of  the  valley 
is  cut  through  the  grayish  serioite  schists  of  the  Klondike  aeries,  alter- 
nating with  bands  of  greenish  chloritic  schist.  The  latter  is  fairly 
massive  in  places,  and  is  often  filled  with  grains  of  pyrite  and 
magnetite.  In  the  central  part  of  the  oreek,  the  Klondike  schists  are 
largely  replaced  by  biotite-bearing  schists,  greenish  schists  and  hard 
quartzose  schists.  Bonds  of  dark  graphite  schists  are  also  present,  and 
limestones  were  found  in  the  right  bank  opposite  claim  No.  123 
below  Discovery.  These  rocks  resemble  the  schists  on  Indian  river, 
and  are  referred  to  the  Nasina  series.  The  schists  of  the  Klondike 
series  come  in  again  below  Bumham  oreek,  and  are  exposed  down  to  a 
point  midway  between  Oold-mn  and  Sulphur  creeks,  where  they  are 
replaced  by  sheared  granites,  and  these  continue  down  to  the  mouth  of 
the  creek. 

CltuificMioQ  Gravelt. — The  auriferous  gravels  of  Dominion  creek  consist  of 
yellowish  creek  gravels,  white  creek  gravels  underlying  these,  and 
terrace  gravels. 

The  oreek  gravels  ore  altogether  of  local  origin  and  are  formed 
Srom  the  rocks  outcropping  along  the  valley.  They  are  similar  to 
those  in  the  valleys  previously  described.  Between  the  two  Dis- 
coveries, the  country  rock  is  unusually  soft,  and  the  pebbles  are 
oonaeqneotly  small. 
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were  CfuTied  on  Around  Uie  rim  where  the  f;raveb  are  thin,  and  the 
tailings  easily  disposed  of.  When  the  deeper  portioDB  of  the  deposit 
are  attacked  the  cost  per  square  yard  of  surface  will  neceas&rily  be 
greater.  The  increased  cost  may,  however,  be  compensated  for  by  the 
greater  amount  of  gold  recovered,  as  it  is  known  that  the  gravels  con- 
tain some  values  throughout. 

The  demonstration  by  Mr.  Cofiey  of  the  feasibility  of  hydraulicing 
sacceasfully  the  frozen  hill  gravels  b  important,  bat  in  the  present 
circumstances  can  only  be  taken  advantage  of  to  a  very  limited  extent, 
as  the  local  supply  of  waoer  is  small  and  intermittent  and  only  obtain- 
able at  a  few  points. 

ORIGIN  OF  THK  PLACER  HOLD. 

There  is  little  doubt  that  the  Klondike  gold,  or  the  greater  part  of  J'ol'^  '!••' 
it,  at  least,  is  detrital  in  origin,  and  has  been  largely  derived  from  the  vbimi. 
auriferouM  quartz  veins  cutting  the  older  schists  and  especially  the 
igneous  schists  of  the  Klondike  series.  The  veins  are  small  and  the 
number  deftcroyed  and  concentrated  as  pebbles  and  boulders  in  the 
valley-bottoms  is  almoet  incalculable.  The  high  level  white  channel 
gravels  have  a  volume,  on  Bonanza  and  Hunker  creeks  alone,  of  nearly 
500,000,000  cubic  yards,  and  nearly,  if  not  quite,  half  the  whole 
deposit  consists  of  quartz  grains,  pebbles  and  boulders  derived  from 
veins.  This  figure,  Un^e  as  it  is,  represents  only  a  fraction  of  the  vein 
material  destroyed,  as  the  volume  of  the  white  channel  gravels  was 
originally  at  least  a  third,  and  possibly  a  half,  greater  and  a  further 
allowance  must  be  made  for  the  large  percentage  of  quartz  ground  up 
and  carried  away.  The  total  production  of  the  Camp  will  probably 
approach  $200,000,000  ;  the  averai;e  gold  tenor  of  the  quartz  was 
not,  therefore,  large,  and  probably  did  not  exceed  a  few  cents  to  the 
ton. 

The  derivation  of  the  placer  gold  from  quartz  veins,  as  pointed 
oat  by  9purr  in  regard  to  the  ForCymile  district,  is  evident  from 
the  character  of  the  grains.  The  greater  part  of  the  gold  occurs 
in  irregular  flattened  discs  and  bulbs  very  similar,  when  unworn, 
to  tho^e  in  the  veins.  Many  of  the  grains  and  most  of  the 
nuggets  inclose  quartz,  and  a  few  are  themselves  inclosed  in 
quartz.  Pebbles  and  boulders  speck'd  with  gold  are  also  ocoasionally 
found.  A  boblder  from  Bonanza  creek,  near  Discovery,  weighing 
sixty  ounces,  contained  twenty  ounces  of  gold.  Additional  evidence 
of  the  detrital  origin  of  the  gold  is  afforded  by  its  worn  character 
14_B— 5 
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in  the  creeks,  while  the  younger  grains  and  naggeta  foaad  in  the 
gulchee  are  alwaja  rough  and  angular.  The  richest  qaartz,  so  far 
discovered,  occurs  near  the  head  of  Victoria  gulch  a  tribntar;  of 
Bonanza  creek.  The  partially  decomposed  slide  rock,  which  covers 
the  surface  of  the  hill  side  below  the  quartz  oatcroppings,  contains 
colours  of  gold,  and  it  is  significient  that  Bonanza  creek  is  rich  below 
the  mouth  of  Victoria  gulch,  and  pracUcall;  barren  above.  Victoria 
galch  is  itself  gold-bearing,  and  the  gold  obtained  from  near  its  head 
is  sharply  angular.  It  is  not  inferred  from  this  that  all  the  gold  in 
Bonanza  creek  came  from  Victoria  gulch,  as  none  of  the  heavy  gold 
has  travelled  far,  and  the  valley  was  probably  repeatedly  enriched 
from  veins  along  its  course,  and  from  the  older  gravels,  but  that  some 
of  it  was  so  derived  seems  certain. 
>  While  the  greater  part  of  the  placer  gold  has  been  derived  from 
broken  quartz  veins,  a  small  percentage  may  have  been  precipitated 
from  water  carrying  gold  in  aoiutiou,  A  boulder  woe  found  on  one 
of  the  workings  on  Miller  Creek,  the  upper  surface  of  which  was 
partially  covered  with  thin  specks  and  scaJea  of  crystalline  gold.  The 
crystals  were  arnuiged  in  a  dendritic  manner.  Some  of  them  were 
firmly  attached  to  the  rock,  and  others  separated  easily  from  it.  The 
angles  of  the  crystals  were  sharp  and  showed  no  wear  of  any  kind, 
while  the  boulder  iUelf,  an  autoclastic  quartz-mica  schist,  was  well* 
rounded.  The  gold  evidently  did  nnt  belong  to  the  rock  originally, 
and  the  only  explanation  of  its  occurrence  under  the  peculiar  condi- 
tions stated  seems  to  be  that  it  was  taken  up  by  some  solvent  and 
re-deposit«d  on  the  surface  of  the  boulder.  A  number  of  thin  speci- 
mens of  nearly  unworn  crystalline  gold,  often  dendritic  in  structure, 
have  been  found  on  EUdorado  and  other  Klondike  creeks,  and  they  may 
have  originated  in  this  manner.  The  bulky,  octohedral  crystals,  (the 
common  crystalline  variety)  were  probably  derived,  like  the  nuggets, 
from  veins.  Several  specimens  of  these,  identical  in  character  with 
those  in  the  gravels,  have  been  obtained  from   the  Victoria  gulch 

QUARTZ  VKINS. 

Quartz  veins  are  exceedingly  abundant  in  the  schists  of  the  Klon- 
dike series,  and  also  occur,  but  more  sparingly,  in  the  clastic  Nasina 
Bchiste,  and  in  the  Mooaehide  diabase.  The  veins,  as  a  rule,  are  small 
and  non-persistent,  varying  in  siie  from  mere  threads  up  to  masses  of 
quartz  one  to  two  hundred  feet  in  length  and  from  four  to  six  feet  in 
width.  Large  veins  occur  occasionally,  one  on  the  Yukon  river,  below 
the  mouth  of  Cariboo  creek,  measuring  over  thirty  feet  in  width. 
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The  common  vein  of  the  district  is  generally  lenticular  in  ontline,  ChoracUsof 
the  lenticles,  in  the  majority  of  oases,  measuring  only  a  few  inches  in  **"*  """'■ 
width,  and  a  few  feet  in  length.  The  larger  reins  Hwell  out,  in  places, 
to  a  width  of  from  four  to  aix  feet,  but  are  seldom  traceable  for  any 
considerable  distance.  They  follow  the  planes  of  sohistosity,  as  a  rule, 
or  cut  them  at  a  ^mall  angle.  lu  some  instances,  while  the  strikes  of 
the  vein  and  the  enclosing  schist  nearly  coincided,  the  dips  proved  to 
be  in  opposite  directions.  Branching  veins  are  not  uncommon,  the 
brauchea  often  cutting  directly  across  the  schists. 

hosidea  the  common  lenticular  variety,  what  might  be  called  sheeted 
veins  occur  conspicuously  in  «»ne  of  the  sections,  interieaved  with  the 
foliK  of  the  schists.  These  veins  are  seldom  more  than  three  or  four 
inches,  and  are  usually  less  than  half  an  inch,  in  thickness.  They  differ 
from  the  lenticular  veind  in  their  more  uniform  thickness,  and  in  their 
strict  conformity  to  the  inclosing  schiste,  even  when  the  latter  are 
sharply  bent. 

The  quartz  ve'ns  are  usually  milk  white  or  light  grayish  in  ocdour, 
and,  when  much  weathered,  have  a  granular  appearance.  They  inclose 
fragments  of  schist  similar  to  that  in  the  walls,  are  distinctly  crystal- 
line and  occasionally  show  lines  of  interlocking,  flattened  quartz  crystals. 
A  notable  feature  of  the  veins  is  the  presence  in  them  of  occasional 
feldspar  crystals  indicating  a  relationship  to  the  pegmatites.  A  few 
examples  of  typical  pegmatite  veins  or  dikes  occur  in  the  dbtrict,  and. 
in  one  case,  a  coarse-grained  pegmatite  vein  was  observed  to  pass  along 
its  strike  into  a  purely  siliceous  rock.  The  aqueo-igneous  origin  of  the 
pegmatites,  and  their  close  genetic  connection  with  certain  olaases  of 
quartz  veins,  maintained  by  various  writers,  is  supported  by  the  fact^ 
observed  in  the  Klondike  district.  In  the  neighbouring  FortymUe  dis- 
trict, Spurr  has  described  a  transition  of  similar  quartz  veins  into  pegma- 
tites, and  through  the  latter  into  aplites. 

The  lenticular  quartz  veins  are  much  younger  than  the  schists,  and  A^eof  quartE 
are  older  than  the  massive  andesiua  and  quartz  porphyries.    They  were  *""*- 
probably  formed  during,  or,  as  a  consequence  of,  the  intrusion  of  the 
granite  mass  south  of  Indian  river. 

The  mckallic  contents  of  the  quartz  veins  present  little  variety. 
Iron  is  usually  present  in  the  form  of  pyrites  and,  less  frequently, 
magnetite,  often  in  suifioient  quantities  to  give  the  vein  a  rusty  colour 
when  weathered.  Copper  pyrites  and  galena,  the  latter  sometimes 
argentiferous,  occur  leas  frequently,  and  free  gold  has  been  found  in  a 
number  of  veins,  occasionally  in  considerable  quantities.     A  short  lens 
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of  quartz  found  Dear  the  head  of  Victoria  gulch  was  studded  st  one  eud 
with  numerous  grains  and  small  nuggeta  of  gold,  some  of  them  well  crys- 
tallized. The  gold  occurred  mostly  at  or  near  the  surface,  very  little 
being  found  iu  the  interior  of  the  vein.  Small  veins  carrying  grains  of 
gold  have  been  discovered  on  nearly  all  the  producing  creeks. 

Cassiterite  (stream  tin)  haa  been  obtained  from  the  sluice  boxes  on 
Hunkor,  Bonanza  and  Sulphur  creekn,  but  has  not,  so  far,  been  found 
in  veins.  It  occurs  in  smooth  rounded  or  mamm&lated  pebbles  up  to 
an  inch  in  diamet«r.  The  presence  of  osmoridium  with  Klondike  gold 
has  also  been  detected  by  Mr.  Garuiichael  of  the  Department  of  Mines, 
Victoria,  B.C. 

LODE  MIXINCi. 

Lode  mining  haa,  so  far,  made  little  progress  in  the  Klondike  district, 
although  a  great  number  of  claims  have  been  staked,  and  some 
development  work  has  been  done  on  a  few  of  them.  The  veins, 
OS  already  pointed  out,  are  usually  small  and  non-persistent,  although 
they  occasionally  swell  out  into  considerable  lenses  of  quartz.  They 
often  give  fair  assays,  and,  in  places,  show  free  gold  but,  except  in  rare 
instances,  are  too  small  individually  to  make  mines.  They  occur  in 
great  abundance  and  in  some  sections  constitute  a  considerable  pro- 
portion of  the  whole  rock  moss.  The  discovery  of  a  zone  of  sniall 
auriferous  quartz  veins  closely  grouped  and  capable  of  being  worked 
together  is  by  no  means  impossibJa  The  rugion  is  difficult  to  prospect, 
as  the  slopes  of  all  the  ridges  are  covered  with  a  sheet  of  partially 
decomposed  slide  rock,  blanketed  in  places  with  moss,  and  the  valley 
bottoms  are  buried  beneath  muck.  Bpdrock  is  seldom  expored  except 
along  the  summits  of  the  ridges  and  the  sides  of  the  secondary  valleys. 

],  The  moHt  interesting  group  of  quartz  veins  in  the  district  is  those 
referred  to  before  as  ooourring  near  the  head  of  Victoria  gulch.  The 
development  work  done  on  these  consists  of  a  few  shallow  shafts  or 
pits,  none  of  which  reach  any  considerable  depth,  and  a  short  tunnel. 
At  one  of  the  openings  on  the  New  Bonanza  claim  a  short  rich  kidney 
of  quartz,  nearly  fix  feet  in  width,  was  uncovered.  A  second  opening, 
200  feet  to  the  south-east,  has  been  sunk,  following  a  smaller  quartz 
vein  >n  which  no  free  gold  could  be  detected  with  the  naked  eye,  or  an 
ordinary  magnifying  glass.  A  sample  was  assayed  in  the  laboratory  of  the 
Survey  and  gave  2, tJ 2 5  ozs.  of  gold  and  3,2G7  oz.«.  of  silver  to  the  ton. 
The  silicified  country  rock,  (uostty  seritite  schists,  adjoining  the  vein 
also  proved  to  be  auriferous.  Ollior  small  quartz  veins  occur  iu  the  vici- 


ib.  Google 


II°CON!ItIJ..]  LODE  fUNIHG  6&  B 

Dity,  all  striking  in  a  N.E.  and  S.  W.  direction.  The  coarse  angular  gold 
in  Victoria  gulch  and  No.  7  pup  must  have  been  obtained  from  these 
veins,  or  from  neighbouring  ones  concealed  beaeath  the  surface  covering, 
or  wholly  destroyed  by  erosion.  Work  on  them  is  now  temporarily 
stopped,  but  the  proi>pecta  are  certainly  encouraging  and  warrant 
further  investigation. 

A  claim  in  the  Violet  group,  situated  on  the  smnmit  of  the  ridge  Violet  group 
separating  Eldorado  creek  from  Ophir  creek,  a  tributary  of  Indian 
river,  was  worked  during  the  past  season,  and  is  the  only  claim  on  which 
any  considerable  amount  of  development  was  dona  The  works  consist 
of  an  open-cut  about  sixty  feet  in  length,  and  a  couple  of  sbafte.  The 
open-cut  follows  a  quartz  vein  that  swells  out,  in  ptacei>,  to  a  width  of 
five  or  aix  feet.  The  vein  is  broken  by  several  small  faults,  and  follows, 
at  one  point,  for  a  few  feet,  a  cross-fracture  plane,  running  at  right 
angles  to  the  general  course.  It  strikes  with  the  inclosing  schists  in 
a  S.E.  direction,  but  dips  across  them.  A.  shaft  is  now  being  sunk  a 
short  distance  north  of  the  vein  to  intercept  it  in  depth.  The  quarti 
is  crystalline  and,  like  many  of  the  veins  in  the  district,  is  dotted  in 
places  with  reddish  feldspars  giving  it  a  pegmatitic  character.  It  holds 
a  considerable  amount  of  iron  and,  near  the  surface,  weathers  to  a  rusty 
colour.  Some  galena  is  also  present.  The  gold  values  are  variable,  but 
are  stated  to  average$10.50  to  $11.00  per  ton. 

A  large  number  of  claims  have  been  slaked  on  Lepine  creek,  north  ciaimn  od 
of  the  Klondike  river.  The  claims  are  staked  on  a  wide  band  of  ^''™  °™'''- 
sericite  schist,  the  ordinary  country  rock  of  the  district.  The  schist 
is  often  somewhat  silicilied  and,  in  places,  is  impregnated  with  iron. 
Only  one  claim,  the  Great  Eastern,  was  worked  during  the  past 
season.  This  claim  is  situated  south  of  the  deep  valley  of  Rutter 
creek,  a  tributary  of  Lepine  creek.  The  schists  here  are  traversed  by 
a  wide  dike  belonging  to  the  recent  quartz- porphyry  group,  and  both 
achists  and  dike  rock  are  completely  decomposed  to  a  depth  of  at 
least  fifteen  feet.  This  decomposed  material  constitutes  the  ore.  A  tram- 
way, half  a  mile  in  len-th,  has  been  built,  and  the  ore  is  trammed 
down  to  Ruiter  creek,  and  treated  in  a  small  cyanide  plant.  The 
result  of  the  season's  operations  is  not  known.  Specimens  of  the  ore, 
collected  by  the  writer,  and  assayed  in  the  laboratory  of  the  Survey, 
showed  only  traces  of  gold. 

The  Tertiary  rocks  north  of  Indian  river  include  large  bands  of  AurifcimB 
conglomerates,  some  of  which   are  auriferous,   and  numerous  claims  omgloui- 
have  been   slaked  on  them.     Very  little  development  work    has,  so 
far,  been  done.   At  the  Britannia  claim,  situated  on  McKinnon  creek,    ■ 
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A  few  miles  Bouth  of  Indian  river,  &  sbaft  aixtjr  feet  deep  biu  been 
sunk,  and  ashort  tunnel  has  been  driven  into  the  eide  hill.  The  shaft 
penetratM  through  a  peculiar,  white,  moderately  hard  conglomerate, 
discoloured  in  places  with  iron.  The  conglomerate  consists  mostly  of 
small  well-rolled  pebbles  of  vein  quartz  imbedded  in  a  siliceous  njatrix. 
Assays  of  several  dollars  to  the  ton  are  reported  from  this  conglo- 
merate nnd  a  mill  test  of  two  tons,  at  the  government  stamp-mill,  at 
Dawson,  gave  ^3.24  per  ton.  The  gold  is  detrita),  occarring  in  the 
matrix,  and  the  depoeit  may  beconsideredan  ancient  placer,  probably 
of  beacb  origin. 

The  conglomerates  in  the  Tertiary  basin  are  well  worth  investiga 
ting.  They  were  brought  down  by  streams  traversing  rocks,  and  by 
auriferous  quarts  veins  ;  some  gold  must  almost  certainly  have 
been  deposited  with  them,  especially  near  the  mouths  of  the  old 
valleys.  Unfortunately,  all  traces  of  t^iese  have  disappeared  in  the 
general  erosion  of  the  district,  and  a  large  amount  of  expensive  ex- 
ploratory work  will  be  necessary  to  prove  or  disprove  the  existence  of 
pay  ore. 

PRESENT  CONDITION  AND  KUTt'KK  OP  CAMP. 

The  gold  production  of  the  Yukon  Territory,  since  the  discovery  of 
the  Klondike  gold  fields  in  1896  is  estimated  by  the  statistical  bmnch 
of  tliis  Department  at  over  $96,000,000.  The  annual  production  has 
been  as  follows  : — 

1896   300,000 

1897 3,500,000 

1898 10,000,000 

1899 16,000,000 

1900. -22,275,000 

1901 ■ 18,000,000 

1902 14,500,000 

1903 12,500,000 

The  wfaole  of  this  immense  amount,  with  the  exception  of  about 
$1,000,000  credited  to  the  xmaller  camps,  was  obtained  from  the  vari- 
ous Klondike  creeks  and  benches  and  principally  from  the  Bonanza, 
Eldorado,  Hunker  ai^d  Dominion  creeks,  and  the  Bonanza  benches 
The  dwindling  production  since  1900,  in  spite  of  the  increasing  use  of 
machinery  is  largely  due  to  the  gradual  exhaustion  of  the  phenomen- 
ally rich  portions  of  Eldorado  and  Bonanza  creeks,  and  of  the  richer 
Bonanza  benches,  and  does  not  mark  a  corresponding  decline  in  the 
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miniog  indastry  of  the  region.  The  namber  of  creek  claims  worked, 
And  the  amount  of  gravel  handled,  has  increased,  if  anything,  in  recent 
ye&rs,  and  the  decreaae  in  production  must  be  attributed  to  the  lower 
grade  of  the  grarelB  mined. 

The  centre  of  mining  activity  on  the  Tariona  creeke  has  moved  X^^  "' 
steadily  downward  towards  the  wider  and  leaner  gravel  beds  in  the 
lower  portions  of  the  valleys  but  none  of  the  principal  creeks  have 
been  abandoned,  nor  will  be  for  some  years  yet  Eldorado  creek  shows 
the  effect  of  seven  years  work  in  an  almost  continuous  line  of  dumps, 
from  the  mouth  up  to  Gay  gulch,  bat  even  in  this  rich  creek  some 
virgin  ground  still  remaina  and  many  old  claims  are  being,  or 
irill  be,  reworked.  Claims  completely  drifted  out  have  a  value,  on  the 
richer  portion  of  the  creek,  of  from  $10,000  to  115,000  each.  None 
are  being  abandoned,  as  it  is  generally  believed  by  the  miners  that 
the  whole  creek  from  Gay  gutch  downward  will  pay  to  be  reworked. 

Bonanza-creek  has  been  largely  worked  over  from  the  head  of  the 
pay-streak  at  Victoria  gulch  down  into  the  fifties  below  liisoovery. 
A  few  claims  and  a  number  of  partly  worked  claims  stiU  remain,  and  it 
is  probable  that  portions  of  the  valley  will  be  reworked.  In  the  lower 
part  of  the  valley  there  are  still  considerable  stretches  of  low  and 
medium  grade  gravels  practically  untouched. 

The  Eldorado  and  Bonanza  benches  are  rapidly  approaching  exhaust-  Exbautted 
ion,  so  far  as  ordinary  placer  mining  is  concerned.    Very  little  drifting  '>*'>™^'^ 
groand  is  now  left  on  the  rich  hills  above  Adams  creek.  A  considerable 
amount  of  work  is  still  being  done  between  Adams  and  Boulder  creeks 
and  also  on  Lovett  and  other  gulches  in  the  lower  part  of  the  valley. 

The  greater  part  of  Hunker  creek,  above  Ooldbottom,  has  been  Unworked 
worked  over,     A  fair  proportion  of  the  claims  below  this  point  are  g"''?'"  "' . 
unworked  or  only  partially  worked.     Ooldbottom,   and  Ijast  Chance  other  creehZ 
creeks,  the  two  principal  gold  bearing  tributaries,  also  still  possess  con- 
siderable areas  of  unworked  gravel.  Good  drifting  ground  has  recently 
been  discovered  on  the  Hunker  benches   below   Hester  creek,  and 
further  discoveries  are  probable.  The  hill  gravels  are  not  bo  high  grade 
aa  on  fiooaoEa  creek  and  have  not  t)een  so  fully  prospected. 

Dominion  creek  is  in  about  the  same  condition  as  Hunker  creek. 
The  narrow,  rich  portion  of  the  valley,  above  Lower  Discovery,  is  largely 
exhausted,  although  a  few  claims  are  still  working.  Below  Lower 
Discovery,  the  proportion  of  unworked  ground  rapidly  increases. 
Dominion  creek,  except  on  a  few  benches,  has  not,  up  to  the  present, 
proved  productive  between  Jansen  and  Gold-run  creek.     Discoveries 
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of  value  in  this  ntretch  are  poaaible.  Numeroun  claims  are  being 
worked  below  Oold-run  creek,  and  the  large  area  of  gravel  already 
proved  to  contain  moderate  pay  enfores  continued  mining  activity 
here  for  some  years. 

The  short  rich  pay-streak  on  Uold-ran  creek  has  been  partially 
rained  on  every  ilaim  and,  in  places,  is  completely  drifted  oat.  Sulphur 
creek  faaa  nob  been  worked  so  energetically  as  the  richer  creeks,  and, 
in  consequence,  still  possesses  a  considerable  number  of  only  partially 
worked,  and  unworked  claims,  and  Eureka,  Allgold,  and  Quart:; 
creeks,  all  comparately  low  grade  creeks,  are  in  a  similar  condition. 

It  will  be  seen,  fr<Mn  this  brief  survey  of  the  condition  of  the  camp, 
that,  while  the  richer  portions  of  the  principal  creeks  show  signs  of 
exhau-<tion,  there  still  remain  considerable  stretches  of  unworked 
gravel,  on  all  the  producing  creeks,  rich  enough  to  work  under  present 
conditions  by  ordinary  placer  methods.  This  industry,  therefore, 
although  it  is  bound  to  dwindle,  will  l«st  for  a  number  of  yearn ; 
exactly  how  long,  it  is  impossible  to  say,  but  probably  for  a  decade  at 
least,  even  if  no  further  important  discovericfl  are  made. 

Placer  mining  in  the  future  will,  undoubtedly,  be  supplemented  in 
the  Klondike,  sooner  or  later,  by  hydraulic  mining  on  a  large  scale. 
The  white  channel  gravbls  along  Bonanza  and  Hunker  creeks  are 
ideally  situated  for  work  by  this  mithod,  as  they  rest  on  comparatively 
narrow  benches,  at  considerable  elevations  above  the  present  valleys. 

The  volume  of  this  depositcannot  be  given  precisely,  but,  from  such 
meoflurements  as  were  taken,  is  estimated  at  about  250,000,000  cubic 
yards  on  Bonan/A  and  its  tributaries,  and  at  about  200,000,000  cubic 
yards  on  Hunker  creek  and  its  tributaries.  About  15,000,000  cubic 
yards  occur  on  a  low  bench  on  Quartz  creek,  and  a  smaller  quantity 
on  Bear  creek.  The  Allgold  creek  occurrence  of  the  deposit  is 
extensive,  but  is  lower  grade  than  on  the  other  creeks,  and  has  not,  so 
far,  proved  rich  enough  to  drift. 

While  the  principal  values  in  the  white  channel  gravels  are  obtained 
near  bedrock,  the  deposit  is  auriferous  throughout,  and  it  is 
this  fact  that  gives  it  such  great  importance.  The  cost  of  mining 
by  the  drifting  method  generally  exceeds  three  dollars  per  cubic  yard, 
and  the  proportion  of  the  deposit  rich  enough  bo  iie  profitably  worked 
by  this  method  measures  les-s  than  half  per  cent  of  its  total  volume. 
The  great  bulk  of  the  deposit,  if  worked  at  all,  must  therefore  be 
exploited  by  a  much  cheapcrmethod. 
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The  small  amtrnDt  of  hjdraulicing  BlreiHl^  don«  hu  proved  the 
Qzistemw  of  psj  in  the  upper  grftveU,  in  placaa  at  least,  and  baa  also 
shown  that,  with  a  lonff  exposed  face,  no  great  difficult;  need  be 
apprehended  from  the  frozen  condition  of  tbe  deposit.  The  great  draw- 
back to  hydraalicing  ia  the  absence  of  local  water  in  sufficient  quan- 
tities, and  the  necessity  of  bringing  it,  at  great  expense,  from  a 
distance,  or  pumping  it  up  from  the  Klondike  river. 

WATBE  SUPPLY. 

The  Klondike  creeks  are  all  small,  and  the  available  local  supply  of 
water  ia  scarcely  sufficient  for  sluicing  purposes,  and  ia  quite  ioade- 
qoate  under  present  conditions  to  furniah  the  amount  required  for 
bydraulidng  on  a  large  or  even  moderate  aoale.  An  additional 
water  supply  would  benefit  mining  in  the  creek  bottoms,  bnt  is  chiefly 
required  for  the  high  level  gravels,  as,  without  it,  only  a  small  propor- 
tion  of  the  great  volume  of  these  deposits  can  be  worked  at  all. 

The  principal  aohemea  proposed  for  augmenting  the  present  supply  in- 
clude damming  the  valleys  at  certain  points,  and  impounding  the  spring 
floods,  pumping  water  from  the  Klondike,  and  bringing  it  by  gravity 
from  the  Klondike  and  Twelve-Mile  rivers  or  their  tributaries. 

The  plan  of  damming  the  valleys,  if  successfully  carried  out,  would  Dunmiiw  tl 
add  largely  to  the  present  snpply,  butitisdoubtfulif  a  aufficieat  volume  ^^^T** 
needed  for  continuous  hydraulicing  on  a  large  scale  throughout  the 
aeason  could  be  obtained  in  this  way.  The  valleys  are  alt  steep  and 
comparatively  narrow  in  their  upper  reaches,  and  high  expensive 
dams  would  be  required  to  impound  any  considerable  quantity  of 
water. 

'The  establishment  of  a  large  pumping  plant  ia  only  possible  if  water  Pomping 
power  be  used,  as  the  price  of  fuel  for  generating  steam  is  prohibitive.  ^ 
The  Klondike  river  could  be  used  for  this  purpose.  This  stream  has 
a  fall  of  about  fifteen  feet  to  the  mile,  and  a  head  of  forty  feet  could 
easily  be  obtained  in  a  distance  of  five  miles.  The  flow,  at  ordinary 
summer  level,  averages  about  S0,000  minora'  inches.  Sufficient  power 
could  be  obtained,  by  using  the  whole  stream,  to  elevate  about  2,000 
miners'  inches  to  the  height  required,  to  hydraulic  the  benches  at 
Bonanza  forks,  and  the  plant,  if  necessary,  could  be  duplicated  higher 
up  the  river. 

The  installation  of  a  gravity  supply  system  is  rendered  difficult  by 
the  irregular  topography  of  the  country.     The   Klondike  district,  a 


ib.  Google 


TO   B  KLONDIKB  G0L1>  FIBLDS 

high  ridgy  regioo,  is  Bepantled  from  the  surrounding  country,  except 
in  th?  Eouth-eaat  corner,  by  wide  ralleys.  It  ia  bounded  on  the  south 
by  the  v&lle;  of  the  Indian  river,  on  the  nest  bj  the  Yukon,  on  the 
north  by  the  Klondike,  and  on  the  east  by  the  Flat  Creek  plain,  a 
deprenston  ten  to  fifteen  miles  in  width,  which  extends  from  Stewart 
north-westward  to  the  Klondike,  and  continoes  on  past  Twelve-Mile' 
river.  The  Flat  Creek  plain  separates  the  Klondike  hills  from  the 
Ogihie  range,  (in  which  the  streams  it  is  proposed  to  tap  originate) 
and  must  be  crossed.  It  is  underlaid  by  soft  Tertiary  deposits,  is 
easily  eroded,  and,  except  at  the  summits,  is  trenched  with  great 
valleys,  the  bottoms  of  which  are  usually  below  the  level  at  which 
water  is  required.  The  elevation  of  the  plain,  at  the  summit  between 
the  Klondike  and  Stewart  rivers,  is  about  2,500  feet,  and  at  the  sum- 
mit between  Klondike  and  Twelve-Mile  river,  the  first  parallel  stream 
at  the  north,  is  about  2,500  feet. 

Schemes  have  been  proposed  for  supplying  the  camp  with  water 
from  the  main  Klondike  or  one  of  it4  upper  southern  tributaries,  from 
Book  creek,  one  of  its  lower  northern  tributaries,  and  from  Twelve* 
Mile  river,  the  first  large  stream  entering  the  Yukon,  north  of  the 
Klondike. 

The  Klondike  river,  after  issuing  from  the  Ogilvie  range,  flows  west- 
ward across  the  Flat  Creek  plain,  and  then  skirts  the  Klondike  hills  to 
its  junction  with  the  Yukon  at  Dawson.  The  grade  of  the  main  val- 
ley up  to  Flat  creek,  a  distance  of  twenty-seven  miles,  averages 
about  sixteen  feet  to  the  mile,  and  from  Flat  creek  to  the  Ogilvie 
range  is  nearly  the  same,  but  increases  after  entering  the  mountains. 
Assuming  the  elevation  of  Dawson,  at  the  mouth  of  the  Klondike, 
to  be  1,200  feet,  water  to  hydraulic  the  hill  gravels  at  the  mouth  of 
Hunker  creek  and  Bonanza  creek  requires  to  be  furnished  at  an 
elevation  of  1,800  feet,  and  at  Bonanza  forks,  2,100  feet.  To 
obtain  this  elevation  with  the  water  from  the  Upper  Klondike,  or 
its  upper  southern  tributaries,  the  intake  must  necessarily  be  situated 
deep  in  the  Ogilvie  range,  and  the  supply  ninst  le  carried  in  pipes, 
flumes  or  ditches  across  a  long  stretch  of  broken  mountainous 
country,  and  then  siphoned  across  a  part,  at  least,  of  the  Flat 
creek  depression  befora  the  bolder  of  the  Klondike  hills  is  reached. 
Afterwards,  it  could  be  led  along  the  ridge  separating  the  Klondike 
from  Hunker  creek  until  a  favourable  point  he  reached  for  piercing 
thi)i  ridge  with  a  long  tunnel.  To  supply  Bonanza  creek  from  the 
sime  source,  many  additional  miles  of  piping  and  fluming,  or  a  second 
long  tunnel,  would  be  necesary.     The  total  length  of  a  supply  system 
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from  the  upper  Klondike  oannot  be  given,  as  the  contoun  of  the 
OgiMe  range  are  only  imperfectly  known,  but  would  probubly 
ftpproxiioftte  100  miles,  and  inverted  sipbona  would  be  neceesary  for 
k  not  inconBiderable  portion  of  the  whole  di£tance.  The  feasibility  of 
this  plan  seems  doubtful  on  account  of  the  great  expense  involved. 


fewer  difficulties.     This  stream  enters  into  the  Klondike  from  the 

north,  four  miles  above  the  mouth  of  Hunker  creek.   1  ts  grade  is  steep, 

amounting  to  60  or  70  feet  to  the  mile,  and  the  necessary  elevation  is 

attained  in  about  twenty  miles,  before  the  stream  reaches  the  mountainf , 

but  above  its  forks.     About  thirty  miles  of  piping,  fluming  and  ditching 

and  at  least  one  long  tunnel  are  required  to  bring  the  water  from  the 

intake  to  the  northern  bank  of  the  Klondike  valley  opposite  the  moatb 

of  Bonanza  creek,  and  an  inverted  siphon,  a  mile  and  a  half  to  two 

miles  in  length,  would  be  necessary  to  bring  it  across  the  valley  to  a 

distributing  point.     The  branch  ol  Rock  creek  which  it  is  proposed  to 

divert  is  small,  and  cannot  be  depended  upon  to  give  a  steady  supply  ^^^^er  from 

ofmor«than  1,000  to  1,500  miners' inches.  To  obtain  a  larger  supply  it  Twelve-Mile 

would  be  necessary  to  collect,  by  Sumea  or  ditches,  the  water  from  its 

two  other  main  branches.    Water  can  also  be  turned  into  Rock  creek 

above  the  proposed  intake,  from  Spotted  Fawn  creek,  a  tributary  of 

Twelve-Mile  river,    and   also  possibly    from  the   north  fork   of  the 

Klondike.     4,000  to  5,000  inches  could  be  obtained  from  Rock  creek 

and  Spotted  Fawn  during  low  water  and  much  more  in  the  spring 

and  fall.     An  additional  supply,  it  is  claimed,  can  also  be  obtained 

from  the  north  fork  of  the  Klondike. 

Twelve-Mile  river,  like  the  Klondike,  heads  in  the  Ogilvie  range, 
and  crosses  the  northern  coDtiQuation  of  the  Flat  creek  depression  on 
its  way  to  the  Yukon.  Water  can  be  obtained  from  the  upper  tribu- 
taries of  this  stream  at  a  sufficient  height  to  place  it  on  the  divide 
between  Twelve-Mile  and  Klondike,  from  which  point  it  would  follow 
the  same  course  as  the  Rock  creek  supply. 

While  it  is  possible,  therefore,  to  obtain  water  for  hydraulicing  the 
Klondike  gravels,  both  by  pumping  it  up  from  the  Klondike  river  and 
by  gravity  from  streams  flowing  from  the  Ogilvie  range,  the  installation 
of  a  large  supply  system  flowing  from  3,000  to  S,000  inches  must 
neceasarily  be  a  costly  undertaking  and  if,  in  addition  to  the  high 
initial  expense,  the  shortness  of  the  working  season  be  taken  into  con- 
aideration,  it  follows  that  cheap  water,  as  it  is  understood  in  more 
southerly  regions,  cut  hardly  be  expected  in  the  Klondike. 
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The  thickness  of  the  gravels  and  overlying  muck  variee  along 
different  portions  of  the  creek.  Between  the  two  Discovery  claims, 
the  most  productive  part  of  the  oreek,  the  gravels  range  in  thickness 
from  two  to  seven  feet,  and  the  overlying  muck  and  associated  sedimente 
from  five  to  fifteen  feet.  Farther  down  near  the  mouth  of  Laura  creek 
the  thickness  of  muck  and  gravel  increaws  to  abont  forty  feet.  Between 
Laura  and  Sulphur  creeks  the  depth  to  bedrock  is  usually  between 
thirty  five  and  forty  feet.  Below  Sulphur  creek,  the  depth  decreases 
again  to  about  twenty-seven  feel. 

The  yellow  creek  gravels,  representing  the  present  wash  of  Dominion  Ori^  of 
creek,  are  underlaid  between  Burnbam  and  Sulphur  creeks  and  for  ' 
some  distance  farther  down  by  a  white  compact  siliceons  deposit, 
similar  in  every  way  to  the  high  level  white  channel  gravels  of 
Bonanza  and  other  Klondike  creeks,  and  probably  belonging  to  the 
same  period.  At  first  glance  it  appears  strange  to  find  these  gravels 
on  some  creeks  resting  on  high  benches  and  in  others  underlying  the 
present  valley  fiate.  The  explanation  is  however  simple.  The  elevated 
position  of  these  gravels  on  Bonanza  and  Hunker  creek  is  due,  as 
stated  before,  to  a  recent  general  elevation  of  the  country,  which  gave 
the  streams  increased  grades  and  enabled  them  to  cut  deep,  steep- 
sided  secondary  valleys  in  the  floors  of  their  old  valleys.  Both 
Bonanza  and  Hunker  creeks  empty  directly  into  the  master  valleys 
of  the  district  and  were  affected  immediately  by  the  deepening 
of  these.  Dominion  creek,  on  the  other  hand,  empties  into  Indian 
river  many  miles  above  the  junction  of  the  latter  with  the  Yukon, 
Indian  river  b  itself  a  comparatively  small  stream,  and  any  increased 
cutting  power  which  it  acquired  in  common  with  the  other  streams, 
after  the  elevation  of  the  country,  has  been  expended  in  the  tower 
portion  of  the  valley  and  has  not,  so  far,  materially  affected  the  upper 
portion.  A  secondary  valley,  in  places  narrowed  to  a  canyon,  is 
traceable  from  the  month  of  Indian  river  up  stream  to  a  point  above 
Qaartz  oreek,  where  it  merges  with  the  older  valley.  The  wide  flat* 
which  bottom  ^e  valley  of  the  main  stream,  and  of  the  large  tribut- 
sries  like  Dominion  creek,  above  this  point,  correspond  therefore  in  a 
general  way  to  the  old  valleys  of  Bonanza  and  Hunker  creeks,  now 
represented  by  high  benches,  and  not  to  theipresent  valley -bottoms. 

The  white  gravels  on  Dominion  creek  are  comparatively  thin 
seldom  exceeding  fifteen  feet  in  thickness,  and  in  the  lower  portions 
of  the  valley,  they  occur,  in  places,  as  long,  buried  ridges  running 
parallel  to  the  general  direction  of  the  valley.  The  intervening  spaces 
are  filled  with  the  looee,  yellow  wash  of  the  present  stream. 
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The  low  terraces  bordering  Dominion  creek,  above  Burnham  creek, 
indicate  a  slight  deepening  of  the  npper  portion  of  the  valley.  The 
gravels  on  these  terraces  are  similar  to  the  creek  gravels,  except  at  a 
couple  d  points  where  the;  consist  of  angular  fragments  of  bedrock 
ma-ised  confusedly  together. 

Qold  has  been  found  along  the  greater  part  of  the  whole  length  of 
the  Dominion  creek.  The  pa^'Streak  begins  about  claim  No.  22  above 
Tipper  Discovery  in  the  narrow  gulch  part  of  the  valle;,  and  has  been 
followed,  with  some  Uank  stretches,  down  almost  to  the  mouth  of  the 
creek.  The  most  productive  part  extends  from  Lombard  creek  down 
to  lower  Discovery  and  a  couple  of  miles  beyond.  A  yield  of  nearly 
half  a  million  dollars  worth  of  gold  h  reported  from  some  cA  the  richer 
claimi  in  this  portion.  The  schist  bedrock  on  Dominion  creek  is  softer 
and  less  open  than  on  Bonanza  creek,  and  the  gold  does  not  sink  in 
■t  so  readily.  On  this  account  an  eztraordioarily  rich  layer  of  gravel, 
a  few  inches  in  thickness,  is  often  found  immediately  overlying  bedrock. 

Creek  claims  have  been  worked  at  a  profit  below  Lower  Discovery, 
although  the  pay  streak  is  often  interrupted  by  barren  stretches,  down 
nearly  to  Jansen  creek,  and  bench  claims  for  a  couple  of  miles  farther. 
No  pay  has  been  found  below  this,  until  the  mouth  of  Gold-run  creek 
is  reached.  A  second  rich  stretch  commences  here  and  continues  down 
to  a  point  below  Sulphur  creek.  Wide  flats  border  this  portion  of  the 
valley  and  persistent  prospecting  was  required  to  discover  the  pay 
streak.  The  gold  occurs  mostly  in  the  underlying  white  gravels.  The 
claims  are  not  rich  in  the  Eldorado  meaning  oi  the  term,  but  carry 
sufficient  values  in  most  cases  to  enable  them  to  be  profitably  worked. 
The  pay-streak  is  reported  to  be  1,000  feet  or  more  in  width  in  places. 

The  terrace  gravels  on  the  left  limit  of  Upper  Dominion  creek 
proved  very  rich,  and  some  of  the  claims  in  the  vicinity  of  Lower 
Discovery  and  up  the  valley  to  near  Upper  Discovery,  have  yielded 
large  returns  for  the  amount  of  work  done.  Bench  claims  are  being 
worked  at  the  present  time  on  the  left  limit  at  intervals  down  to  Creek 
Claim  No.  149  below  Lower  Discovery, 

The  gold  on  Dominion  creok  presents  the  usual  variety.  Above 
Lombard  creek,  it  occurs  in  rough  rounded  grains  and  small  nuggets. 
Farther  down,  a  mixture  of  heavy  grains,  some  well-worn  and  others 
quite  rough,  with  a  more  flaky  variety,  and  an  occasional  large,  well-worn 
nugget  is  found.  Below  Lower  Discovery  the  gold  becomes  finer  aud 
more  flaky  and  nuggets  are  only  occasionally  found.  The  gold  on  Lower 
Dominion  below  the  mouth  of  Gold-run  is  coarser  than  on  portions  of 
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Upper  DoraioiOQ  and  was  prabftbl;  largel;  derived  from  Gold-ran 
creek. 

The  bench  or  terrace  gold  often  oocnrs  in  fairly  large  flat  grains, 
more  uniform  in  size,  smoother,  and  more  worn  than  the  creek  gold. 

The  aasay  value  of  Dominion  creek  gold  increases  slightly  but 
steadily,  descending  the  valley.  At  Upper  Discovery  the  average  value 
is  aboat  $16.75  per  onnoe,  at  Lower  Discovery  $17.01,  and  at  olum 
No.  133  below  Lower  Diacorery  $17.26.  The  gold  from  the  claims 
belo«   Gold-run  is  still  higher  in  grade,  averaging  about  $17.50  per 

Gold  has  been  found  on  very  few  of  the  numerous  tributaries  of  DomiQioQ 
Dominion  creek.     The  streams  entering  it  from  the  left  are  a))  barren,  T*''  '"but*- 
BO  far   as  known,  and  only  three  producers.  Cariboo,   Sulphur,  and 
(i^ld-mn  creeks  have  been  fonnJ  on  Che  right  limit,  and  <d  these  only 
the  lost  two  are  important. 

The  creek  gravels  of  Cariboo  creek  have  yielded  little  or  no  gold, 
but  some  producing  claims  are  being  worked  on  a  wide  low  bench 
Bitoated  on  the  left  limit,  about  a  mile  above  its  mouth.  This  bench 
supporte  a  bed  of  gravel  ten  to  twelve  feet  in  thickness,  which  has, 
in  spots,  proved  moderately  rich.     The  gold  is  coarse  and  rough. 

OOLD-BDN   CRKEK. 

Gotd-run  creek  enters  Dominion  creek  from  the  right,  five  miles  Q[,„^ter  of 
above  its  month.     It  has  a  length  of  about  eight  miles  and  a  cours^  ODld-run 
nearly  parallel  with  Dominion  creek  above  its  southerly  bed.     It  is  a 
small  stream,  from  six  to  eight  feet  wide  at  its  mouth,  but,  except  in 
very  dry  seasons,  gives  sufficient  water  for  sluicing  purposes. 

The  valley  of  Goldrun  is  a  flat-bottomed  depression  niore  than  a  quar- 
ter-of  a  mile  wide  near  its  month.  The  bordering  ridges  are  uneven,  and 
have  a  height  of  from  1,200  to  1,500  feet  above  the  valley-bottom. 
Terraces  occur  on  the  left  limit,  near  its  jnnction  with  Dominion  creek, 
and  on  the  right  limit,  about  three  miles  above  its  mouth,  but  no 
continuous  system  exists.  The  country  rocks  consist,  in  tiie  few  expo- 
sures seen,  of  the  sericite  and  chlorite  schists  of  the  Klondike  series. 

The  graveb  on  Gold-run,  about  claim  Na  13  above  its  month,  are  Ooidrun 
similar  to  those  on  the  creeks  already  described.     They  are  rather  P*''*'"- 
more  quartzose  than  usual  and  are  also  irr^nlar  in  thickness,  the 
muck  occasionally  sinking  down  almost  to  bedrock.     The   thickness 
of  gravel  and  muck  varies  from  twenty  to  over  thirty  feet.     Below 
claim  No.  13,  the  bedrock  sinks  suddenly,  and  the  overlying  gravels 
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and  muck  increue  from  tweaty-five  to  over  fifty  feet  in  thioknew. 
The  depression  is  filled  with  white  silioeoos  gnvels  nmiUr  to  those  on 
DominioQ  creek.  They  continue  down  to  the  mouth  of  the  valley 
and  out  into  aod  down  Dominion  valley.  The  cause  of  the  sudden 
Binldng  pf  the  bedrock  floor  of  Gold-run  valley  is  not  fully  understood. 
It  is  possible  that  the  line  of  shafts  following  the  pay  streak  down 
the  valley  may  pas^  at  this  point  over  the  edge  of  a  buried  terrace,  and 
that  a  more  graded  channel  exisU  in  other  parts  of  the  wide  valley, 
but  this  could  not  be  proved. 

The  productive  part  of  iktld-run  oreek,  like  that  of  Eldorado  creek, 
occurs  near  its  mouth.  The  main  pay-streak  commences  just  above  the 
month  of  No.  43  pup,  and  baa  a  length  of  about  three  and  a  half 
miles.  A  few  claims  have  been  worked  above  No.  43  pup  but  ih*- 
yield  has  been  small.  Below  the  mouth  of  this  gulch,  an  almost 
cont»auous  stretch  of  pay  gravels  hss  been  worked  down  to,  and  out 
into.  Dominion  valley.  Kear  the  month,  the  pay  occurs  in  the  buried 
white  gravels  and,  farther  up,  in  the  yellow  creek  gravels.  The  claims  - 
alcHOg  the  lower  part  of  Gold-ran  creek,  while  not  equal  to  those  on 
Eldorado  creek,  proved  exceedingly  rich.  A  number  of  the  best 
claims  will  probably  yield  oonsiderably  over  a  quarter  of  a  million 
dollars  worth  of  gold.  The  gold  is  generally  rather  ooarse  and 
angular,  although  a  few  smooth  grains  are  occasionally  intermixed. 
Nuggets  are  not  plentiful  and  no  very  large  ones  have  been  found. 
The  grade  of  the  gold  is  high,  the  assay  value  averaging  $17.65  per 


SULPHUR   CRXBK. 

CbanctoT  of  Sulphur  creek  heads  in  the  Dome,  and  empties  into  Dominion  creek, 
Sulpburcrmk.  ^^^  ^^  ^  {^jf  ^^^^  ^y^^^  Australia  creek.  It  has  a  length  of 
seventeen  miles,  measured  along  the  valley.  At  its  mouth,  it  is  a 
stream  of  about  twelve  feet  wide,  with  an  average  depth  of  about  six 
inches,  on  the  bars.  In  the  productive  part  of  the  oreek  the  water 
supply  is  much  smaller,  but,  except  near  the  head,  one  or  more  sluice 
heads  are  usually  available.  The  principal  tributaries  are  Ureen, 
Friday,  Meadow  and  Brimstone  gulches  on  the  left,  and  (juinn  and 
Black  Diamond  gulches  on  the  right. 

Vslle^af  The  valley   of  Sulphur   creek  is   sunk   from    1,000  to  1,&00  feet 

SulpliHrcteek.  ^^^^  ^j^^  ^^^^^  ^f  jjj^  bordering  ridges.     The  slopes  are  easy  and 

very   uniform,    and  are   somewhat  steeper  on  the  right   limit  than 

on  the  left.     In  the  upper  part,  the  valley  is  narrow  and  gulch-shaped, 

with  a  steep  grade,  but  it  gradually  widens  towards  the  mouth,  and 
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tbe  iacliDatioii  leawDB.  For  some  distance  above  the  moutb,  the 
grftde  scarcely  exceeds  twenty  feet  to  the  mile,  msMured  by  the 
aaeroid.  The  increaBe  in  width  is  fairly  uniforni,  but  alight  expan- 
sions and  contractions  occur  at  intervals  all  the  way  down.  At  the 
mouth  of  Green  gulch,  about  five  miles  from  the  bead  of  the  valley,  its 
bottom  is  300  feet  wide,  and  is  cut  by  a  narrow  mook  gorge  thirty 
feet  deep,  in  which  tbe  stream,  here  only  about  three  feet  ia  width,  is 
confined.  Seven  miles  farther  down,  the  valley  flat  has  a  width  of 
750  feet,  and  near  the  mouth  this  inoreaaoto  nearly  a  third  of  a  mile. 
A  general  croas-seotion  of  tbe  valley  shows  a  flat  of  varying  width 
bordering  tbe  stream,  from  the  edges  of  which  tbe  surface  rises  gently 
to  tbe  bases  of  the  main  slopes  of  the  valley  ;  then,  a  sharp  ascent  of 
from  700  bo  100  feet,  followed  by  easier  slopes  to  the  crests  of  the 
bordering  ridges.  A  marked  peculiarity  of  Sulphur  valley  is  the 
absence  all  along  its  course  of  well-defined  terraces.  Sulphur  creek 
is  singular  in  this  respect,  as,  with  the  exception  of  Gold-run  creek, 
where  they  are  only  feebly  developed,  gold  bearing  terraces  are 
prominent  along  all  the  productive  creeks  of  the  district. 

A  second  peculiarity  of  the  valley  ia  the  oontinnous  rise,  referred  to 
above,  between  the  edge  of  tbe  flat  bordering  the  creek,  and  the  base 
of  the  hills,  amounting  in  some  parts  to  fifty  feet  or  more.  Bench 
claims  have  been  staked  along  this  rise,  but,  where  shafts  have  been 
sunk  through  it,  bedrock  has  been  found  at  about  tbe  same  level  as 
near  the  creek,  and  the  riiing  surface  has  been  shown  to  be  due  to  a 
great  accumulation  of  muck.  It  is  possible,  however,  that,  in  places, 
terraces  may  be  buried  below  the  muck  so  completely  that  no  sign  of 
them  appears  on  tbe  surface. 

Bedrock. — In  the  upper  part  of  Sulphur  creek  and  down  to  about  (^eulogr* 
claim  No.  (SO,  below  Discovery,  the  rocks  consist  principally  of  the 
greenish  and  light  greenish  schiats  of  tbe  Klondike  series,  similar  to 
those  found  on  Upper  Bonanza.  The  schists  are  cut  by  numerous 
quartz  veins  and  by  occasional  bosses  and  dikes  of  quartz-porphyry. 
In  the  lower  part  of  the  valley,  the  schists  become  coarser,  more  gran- 
ular, and  appear  to  change  gradually  to  a  granite  gneiss.  Elxposures 
are  scarce  along  the  valley,  and  tbe  character  of  the  rocks  can  only  be 
ascertained  from  specimens  obtained  from  shafts  Bunk  to  bedrock. 

Gravels. — The  gravels  aa  Sulphur  creek  are  similar  to  those  on  Gold- 
run  creek.  The  yellow  creek  gravels  are  underlaid,  descending  the 
valley,  on  claim  No.  66  below,  by  white  gravels,  and  these  continue 
down  to  its  mouth.  Tbe  gravels  are  overlaid  by  an  unusually  heavy 
bed  of  muck.     On  claim  No.  36  above,  the  muck  baa  a  thickness  of 
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fifty  feet,  ftod  on  moet  of  the  claims  the  depth  to  bedrock  ia  between 
thirty  and  forty  feet. 
Productive  Cfold  content*   of  gravelt. — Pay  gravels  ocx;ar  pretty  coQtiniioiialy 

along  Sulphur  creek,  from  a  point  a  short  distance  above  the  month  (rf 
Green  gulch  down  to  claim  No.  36  below,  a,  distance  of  about  seven 
miles.  The  claims  along  this  stretch  are  seldom  exceptionally  ricb< 
and  a  few  are  barren  or  nearly  so,  but  most  of  them  yield  fair  returns. 
Gold  in  paying  quantities  is  found  above  Qreen  gulch  for  a  distance  of 
three  miles,  but  the  pay-streak  is  interrupted  by  barren  intervals. 
Some  pay  has  been  found  in  spots  in  the  lower  part  of  the  creek.  The 
white  gravels  are  less  productive  on  Sulphur  creek  than  on  Qold-mn 
and  DomiaioD  creeks. 

Sulphur  creek  gold  is  lower  grade  than  Qotd-run  gold,  averaging 
about  #16.60  per  ounce.  It  follows  the  general  rule  in  occnrriog  in 
large  angular  pieces  in  the  upper  gulch  part  of  the  creek,  and  in  small, 
fluky  rough  grains  farther  down.  With  the  exception  of  Green  gulch, 
on  which  some  gold  has  been  found,  none  of  the  tributaries  of  Sulphur 
ci'eek  have  been  found  productive. 

QUAKT2   CRKEK. 

Ch&TMter  of  Quartz  creek  heads  in  the  Dome  ridge,  where  so  many  of  the  Rlon- 
Quaru  cieek.  ji^g  streams  originate,  and  flows  southward  to  Indian  river,  which  it 
joins  seventeen  miles  below  the  mouth  of  Dominion  creek.  It  is  a 
short  stream,  about  nine  miles  in  length,  but  forks  repeatedly  along  its 
its  course,  and,  with  its  numerous  branches,  has  curved  out  the  widee^ 
and  most  conspicuous  basin  in  the  district.  The  principal  tributaries 
are  Colder,  Little  Blanche,  and  Canyon  creeks  on  the  right,  and 
Toronto  and  Mack's  fork  on  the  left. 

The  valleys  of  the  main  stream  and  of  the  larger  tributaries  are 
bottomed  with  the  usual  wide  flats.  They  have  been  deepened,  re- 
semUing  the  Klondike  rather  than  the  Upper  Indian  river  streams  in 
this  respect,  and  portions  of  the  old  valley-bottom  occur  as  wide 
benches  aloug  the  right  limit.  The  benches  are  everywhere  low,  and,  in 
places,  the  ground  covering  has  been  removed.  Quartz  creek  was  the 
first  creek  in  the  dixtrict  on  which  gold  was  discovered,  hut  the  pro' 
duction  from  the  creek  claims,  up  to  the  present  time,  has  been  com- 
paratively insignificant.  The  leanness  of  the  creek  gravels  is  some- 
what remarkable,  as  this  stream  cuts  the  Klondike  schicts,  (the  gold- 
bearing  rocks  of  the  district,)  and  with  its  tributaries  has  carried  away 
and  concentrated  the  metallic  contents  of  an  enormous  t 
material. 
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A  few  creek  clums  Are  beiog  worked  sb  iaWrv&ls  from  the  mouth 
of  ^e  creek  np  to  claim  No.  IS  &bove  Redford's  Diaoovei;.  At 
Radford's  Discovery,  the  creek  has  been  ditplaced  over  a  hundred  feet 
b^  the  alow  advance  of  a  henvy  bed  of  muck  on  the  left  bank.  The 
pay  gravels  are  overlaid  by  about  eeventy-five  feet  of  muck,  and  are 
reached  by  inclinea  from  the  present  creek  channel.  A  number  of 
the  claims  above  and  below  Bedford's  Discovery  have  been  worked  at 
a  profit. 

The  bench  gravels  on  Quartz  cr«ek  are  more  important  than  the  B«nchg:nT«l8. 
creek  gravels.  A  gravel-covered  terrace  follows  the  right  limit  from 
Canyon  creek  down  to  Catder  creek  and  also  extends  for  a  short 
distance  above  and  below  these  creeks.  Below  Canyon  creek,  the 
terrace  is  a  third  of  «  mile  wide  and  110  feet  high,  bat  decreases 
both  in  height  and  width,  descending  the  valley,  li  is  built  princip. 
ally  of  gravel,  the  underlying  bedrock  having  an  elevation  of  only  a 
few  feet  above  the  present  valley-bottom.  The  shafts  to  bedrock  on 
the  various  claims  vary  in  depth  from  100  feet  to  sixty  feet  or  less. 
Near  Calder  creek  the  pay-streak  approaches  the  edge  of  the  valley, 
and  the  deposic  is  worked  by  open  onts. 

The  Quartz  creek  bench  gravels  consist  of  compact  grayish  gravels 
below,  and  looser  yellowish  gravels  above.  They  are  darker  in  colour 
and  less  siliceous  than  the  white  channel  gravels  of  Bonanzn  creek, 
but  are  very  similar  in  other  respecte,  and  are  referred  to  the  same 
period.  They  are  moderately  rich,  the  pay  occurring  as  usual  in  the 
lower  few  feet  of  the  deposit,  and  a  large  number  of  claims  are  being 
worked. 

The  tributaries  of  Quartz  creek  are  not  important,  although  a  few 
claims  have  been  worked  with  success  on  Little  Blanche  and  Canyon 
creeks. 

EDREKA   CRB8K. 

Eureka  creek  fiows  into  the  Indian  river  from  the  south,  five  miles  Character  of 
below  Dominion  creek.     It  is  a  small  stream,  about  eight  feet  in  *^'"*''*  ""^^^ 
width,  where  it  enters  Indian  River  valley,  and  about  ten  miles  long. 
It  divides,  three  iniles  above  its  mouth,  into  two  nearly  equal  branches, 
both  of  which  head  in  a  range  of  high  hills  that  border  this  part  of 
Indian  Biver  valley  on  the  south. 

The  valley  of  Eureka  conforms  to  the  general  type  of  the  district. 
In  the  lower  part,  the  muck-covered  flats  bordering  the  stream  are 
from  300  to  900  feet  wide.     A  well-defined  bench,  fifty  feet  in  height. 
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occurs  on  the  left  limit  opposite  the  forks,  and  oontianes  up  the  creek 
for  a  couple  of  miles.  At  No.  4  above  Discovery,  the  bench  is  ninety 
feet  in  height, 

Country  roekt. — The  rocks  on  Eureka  creek  differ  from  thoee  on 
the  other  gold  bearing  creeks  in  the  diBtriot.  The  Klondike  series  occur 
near  its  month  but  is  soon  replaced  by  the  slates  quartzites  and  dark 
and  green  schists  of  the  Nnaina  seriee,  and  these  continue  to  the  head 
of  the  stream.  The.  discovery  of  gold  in  streams  cutting  these  rooks 
it  important,  as  they  have  a  wide  distribution  throughout  the  ter- 
ritory. 

Gravtle. — The  Eureka  stream-gravels  consist,  mainly,  of  imperfectly 
rounded  pebblea  of  dark  and  green  schists.  Quartz  pebbles  and 
boulders,  sometimes  of  large  size,  are  also  present,  and  granite  occurs 
occasionally.  In  the  upper  part  of  the  valley,  the  gravels,  as  usual, 
become  coarse  and  angular.  The  creek  gravels  are  from  four  to  eight  feet 
in  thickness,  «nd  are  overlain  by  from  ten  to  twenty  feet  of  mUck.  The 
terrace  gravels  consist  of  the  same  materials  as  the  stream  gravels,  but 
are  rounder  and  more  worn.  Quartz  pebbles  are  also  rather  more 
abundant.  Eureka  creek  is  not  a  rich  creek,  but  a  number  of  claims 
have  been  worked  at  a  profit,  both  in  the  main  valley  and  on  both  forks. 
On  the  left  fork,  the  pay-streak  follows  what  is  known  as  Na  IS  pup,  and 
up  to  the  month  of  Mo.  13  pup  continues  up  the  latter  for  a  few  claims. 
The  gold  from  the  right  fork  is  very  coarse,  and  nuggets  worth  from 
twenty  to  fifty  dollars  are  reported.  The  grade  of  the  gold  is  low, 
averaging  about  $14.59  per  ounce.  The  Eureka  creek  terrace  gravels 
contain  some  gold,  and  a  couple  of  claims  are  being  worked  on  tbem. 

MINING  METHODS  IN  THE  KLONDIKE. 


Creek  claims  are  worked,  with  few  exceptions,  either  by  sinking  and 
drifting,  or  by  open-cut  work.  A  description  of  these  two  methods 
is  given  by  the  writer  in  the  Summary  Report  for  1900  and  the  fol- 
lowing account  is  partly  a  repetition  of  that. 

The  greater  part  of  the  claims  are  worked  by  the  first  method.  A  shaft 
is  sunk  to  bedrock,  and  the  pay  gravels  around  the  foot  jf  the  shaft  are 
thawed  out  and  hoisted  to  the  surface.  If  the  work  is  done  in  the 
wiuter,  the  material  is  piled  up  in  great  dumps  a-ad  sluiced  in  the 
early  spring ;  if  in  the  summer  time,  the  two  operations  are  carried 
on  simultaneously.  In  the  better-worked  claims,  a  system  of  drifts  is 
extended  from  the  shaft  or  shafts  to  the  edge  of  the  claim,  or  of  the 
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pay,  as  the  cue  may  be.     The  drift»  are  connected  by  cross-cuts,  and 
the  farther  Uocks  are  worked  first. 

The  gravels  are  everywhere  frozen,  aod  require  to  be  thawed  before 
they  can  be  extracted.  This  was  done  in  early  days  by  wood  fires,  or 
by  heating  the  water  at  the  foot  of  the  abaft*  with  hot  atones,  but 
now,  except  in  remote  districUi,  is  done  altogether  with  steam  thawers 
or  pumps. 

Thawing  by  ateam  is  a  simple  operation.  The  steam  is  uinally  Tbftwing  by 
obtained  from  the  boiler  that  furnishes  power  for  hoisting  and 
other  mining  operations.  It  is  passed  tbroagh  rubber  hose,  to  the  ends 
of  which  pointed  ateel  tubes,  four  or  five  feet  in  length,  are  attached. 
The  latter  are  driven  into  the  frozen  grftvel  and  steam  is  forced  through 
them  for  a  period  of  from  six  to  twelve  hours.  They  are  then  with- 
drawn and  the  thawed  material  is  removed.  The  points  require  ateam 
equal  to  about  one  horse  power  each,  and  thaw  from  one  to  three  cubic 
yards  of  gravels  at  a  shift.     Any  number  can  be  used. 

In  thawing  with  water,  a  small  Wortbiogton  pump  with  a  three  inch  Thaning  by 
discharge,  and  three  quarters  of  an  inch  or  inch  nozzel  is  usually  em- 
ployed. Only  a  small  amount  of  water  is  required,  as  the  stream  played 
against  the  gravel  face  is  collected  in  a  sump  and  used  agaia  repeatecUy. 
The  relative  merit  of  steam  and  water  thawing  is  still  an  open  qnestion 
among  the  miners.  The  size  of  the  excavation  can  be  more  easily 
regulated  with  water,  as  the  steam,  especially  in  the  summer  time, 
beats  the  air  in  the  chamber,  and  pcrttons  of  the  waste  in  the  roofs 
thaws  out  and  falls.     Steam  is  used  on  the  majority  of  the  claims. 

Timbering  is  seldom  required,  as  the  bed  of  frozen  muck  which  Timbering. 
overlies  the  gravels  forms  an  extremely  tenaceous  roof,  and  chambers 
of  astonishing  size  can  be  excavated  beneath  it,  in  the  winter  time, 
without  danger.  In  one  caae,  on  Dominion  Creek,  a  muck  roof, 
ansnpported  by  pillars,  covered  a  vault  said  to  measure  140  feet  by 
330  feet,  and  remained  unbroken  until  midsummer.  Kxnmptes  of  muck 
roofs  spanning  vaults  over  100  feet  in  width  are  common. 

In  working  claims  by  the  second  method,  that  of  open-cots,  the  first  Open  cut. 
object  ig  to  get  rid  of  the  muck  covering.  This  is  easily  done  in  early 
spring  by  taking  advantage  of  the  spring  floods  and  leading  the  water 
by  several  channels  across  the  claim.  The  mnck  thaws  easily  and  the 
streams  soon  cut  down  to  the  gravel,  and  then  gradually  widen  their 
channels  until  they  meet.  In  some  cases,  the  process  is  hastened  by 
blasting  out  the  walla  of  the    muck   channel   with  slow  expletives. 
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When  the  muck  covering  ia  removed,  the  gravels  usually  thaw  to  bed. 
rock  in  »  single  aeuon.  The  upper  portion,  if  bRrren,  is  removed  and 
piled  Dp  where  moat  convenient,  and  the  underlying  pay  gravels  wre 
shovelled  np  or  hoisted  in  buckets,  and  sluiced  in  the  ordinary  way. 
The  open-cut  method  of  mining  letuis  to  a  more  complete  recovery  of 
the  gold,  but  is  too  expensive  to  be  used  where  the  barren  overburden 
of  muck  and  gravel  exceeds  ten  to  fifteen  feet  in  thickness. 

While  the  general  system  of  mining  creek  claims  has  changed  very 
little  since  the  early  days  of  the  camp,  there  haj  been  a  great  improve- 
ment in  the  plant  employed.  Wood  fitee,  for  thawing,  as  stated  before, 
are  now  altogether  superseded  by  steam  thawera  and  pampa.  The 
band  windlass  has  been  replaced  by  steam  hoists  working  with  self- 
dumping  buckets,  and  steam  scrapera  are  used,  instead  of  the  shovel 
and  wheel-harrow  of  early  days,  to  remove  the  waste  in  open-cuts.  On 
many  of  the  claims  the  water  for  sluicing  purposes,  instead  of  being 
flumed  from  a  point  np  the  creek  distant  enough  to  give  the  required 
grade,  ia  now  pumped  up,  and  the  sluice  boxes  are  p'oced  high  enough 
to  carry  the  tailings  where  required.  The  employment  of  steam  power 
and  machinery,  in  place  of  hand  labour,  has  reduced  the  ordinary 
expenses  of  mining  by  nearly  one-half,  and  has  given  value  to  long  stret- 
ches of  gravel  on  the  various  creeks  formerly  too  low  grade  to  work. 

The  equipment  required  to  work.a  creek  placer  claim  at  the  present 
time  by  the  drifting  method,  where  the  water  for  sluicing  is  pumped 
np,  consists  of  a  35  to  50  H.  P.  boiler  for  furnishing  power,  a  hoist 
and  self-dumping  bucket  worked  by  an  8  to  10  H,F.  engioe,  a 
centrifugal  pump  with  a  6  inch,  discharge  for  elevating  water  for 
sluicing,  (driven  by  a  15  HP.  engine,)  and  a  small  Worthington  pump 
with  three  inch  discharge,  an  inch  nozzet  for  thawing  or  a  set  of  points 
when  the  thawing  is  done  by  steam.  The  installation  of  the  plant  on 
one  of  the  distant  creeks  uaoally  costs  from  95,000  to  $7,000.  The 
operating  expenses  on  on  ordinary  claim,  with  one  shift  and  night 
thawing,  amount  to  about  $100.00  per  day,  and  from  50  to  60  cubic 
yards  of  material  are  mined  and  sluiced  daily. 

On  a  few  claims  in  the  district,  the  mining  methods  are  different 
from  those  deacribed  above.  A  dredge,  originally  intended  for  work  on 
the  bars  of  the  Lewis  river,  has  been  operating  on  Bonauza  creek  for 
the  last  three  seasons.  The  woric  done  has  shown  that,  where  the 
gmvela  are  completely  thawed,  they  can  be  worked  very  cheaply  by 
dredging,  but  where  frost  is  encountered,  thawing,  aa  in  the  other 
methods,  must  be  resorted  to.     In  dredging,  also,  the  bedrock  is  not 
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seen,  and  there  ia  always  some  unoertainty  in  regard  to  the  complete- 
ness of  the  recovery  of  the  gold.  Where  the  bedrock  is  hard  and 
btocky,  ihe  gold  often  sinks  down  along  the  jointage  and  bedding 
plane  to  b  depth  of  from  three  to  five  feet,  and  part  of  it  must  almost 
necessarily  be  left  behind.  In  soft  bedrock,  it  is  probable  that  the 
recovery  of  the  gold  is  nearly  complete,  as  it  does  not  sink  so  deep, 
and  the  material  containing  it  is  easily  removed. 

Steam  shovels  are  being  used  on  several  claims  in  the  district,  and  Steam  aha  vela 
where  the  conditions  are  suitable  they  handle  the  gravels  and  certain 
kinds  of  beds  cheaply  and  eSectively.     The  overlying  muck  requires 
to  be  sluiced  oEF  in  the  usaal  way,  and  the  gravels  mast  be  thawed 
oat. 

Another  attempt,  worth  mentioning,  at  cheap  mining  on  the  creeki^, 
introduces  the  hydraulicing  principle,  bnt  is  still  only  in  the  experi- 
mental stage.  On  the  Gold-run  creek,  a  couple  of  claims  have  been 
equipped  with  long  China  pumps  and  backet  elevators.  The  pump  and 
gravel  elevator,  each  aboat  seventy  feet  in  height,  rest  in  a  sump  exca- 
vated twelve  to  fourteen  feet  deep  in  bedrock.  The  gravels  are  washed 
into  the  sump  by  a  stream  of  water  under  a  small  pressui-e,  and  are 
carried  up  by  the  backet  elevator  and  dumped  into  the  sluice  boxes. 
The  Chiua^pnmp  elevates  the  water  used  in  hydraulicing,  and  it  serves 
again  to  wash  the  gravels.  If  this  method  prove  successful,  a  number 
of  other  claims  in  Qold-run  creek  will  be  equipped  in  a  similar  manner. 

The  pay-streak  in  the  elevated  white  channel  gravel  is  worked  from  High  IvTel 
drifts  along  bedrock  starting  at  the  rim,  or,  when  the  deposit  is  wide, 
from  the  fcot  of  the  shafts,  often  over  a  hundred  feet  in  depth,  sunk  to 
bedrock.     A  small  amount  of  open-cut  work  ia  uBually  done  along  the 
rim. 

The  scarcity  and,  in  places,  almost  complete  absence  of  water  has  So&reity  of 
greatly  hampered  mining  operations  on  the  benches.  In  early  days 
the  pay  gravels  were  largely  washed  in  rockers  or  trammed  down  to 
the  creeks,  and  sluiced  there.  Ditches  have  now  been  constructed  to 
the  heads  of  some  of  the  creeks  and  gulches  tributary  to  the  main 
valleys.  The  supply  from  these  is,  however,  usually  small,  and  only 
available  for  a  portion  of  the  season. 

Numerous  attempts  have  been  made  to  pump  water  up  from  the 
creeks  to  sluice  the  hill  gravels,  but  in  most  cases,  with  indifferent 
success.  The  Electric  Power  Co.  of  Dawson  is  now  operating  several 
small  pumping  stations  along  the  Bonanza  creek,  but  the  price  charged, 
97  to  $8,  per  sluice-head  per  hour,  U  prehibitive,  except  on  the  richer 
c'aims. 
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Hydnujliciog.  A  tew  hydranlic  plants,  some  using  water  pumped  ap  from  the 
creeks,  and  others  gravity  water,  have  been  installed  at  various  piointa 
to  work  the  hiJl  gravels.  Hie  pumping  plants  have  not  proved  euc- 
oeasfnl  in  the  past,  but  experiments  in  this  direction  are  still  being 
tried.  The  instalUtJoa  of  the  largest  pumping  plant  in  the  district 
WM  commenced  and  nearly  completed  during  the  past  season  by  the 
Padfic  Coast  Mining  Co.  The  plant  is  situated  at  the  mouth  of 
Adams  creek,  and  u  intended  to  work  a  group  of  claims  owned  by  tba 
obMined  by  Company  on  Ghechaoo  hill,  originally  one  of  the  richest  on  Bonanza 
pumiring,  creek,  but  now  largely  drifted  out.  Two  pnmping  engines  will  be 
employed  when  the  plant  is  in  full  Vunning  order,  the  main  one  having 
a  capacity  of  3,000  gallons  per  minute  against  a  head  of  390  feet,  and 
the  auxiliary  one  of  l.fiOO  gallons  per  minute.  Power  is  furnished  by 
two  Caball  water-tube  boilers,  giving,  together,  628  h.p.  It  is  intended 
to  force  the  water  through  two  twelve  inch  discharge  pipes  up  to  a 


supply  of  200  inches  is  available  for  a  few  weeks  in  the  spring  and 
fall,  and  is  delivered  under  a  head  of  about  200  feet.  In  Mr. 
Cottej'a  report  to  his  Company,  in  1902,  it  ie  stated  that  in  a  ran 
of  twenty-two  days  29,000  cubic  yards  were  sluiced,  and  that  the 
actual  hydraulicing  cost  was  under  fifteen  cents  per  yard.  The 
total  operating  expenses,  including  cost  of  plant  and  cleaning  bed- 
rock,  were  thirty-five  cents  to  the  cubic  yard,  or  {1,96  per  square 
yard  of  bedrock.  In  the  same  report  it  is  stated  that  the  actual 
average  txiet  of  mining  and  sluicing  by  the  ordinary  drifting  method 
amounted  lo  {S.6G  per  square  yard  of  snrface.  No  allowance  is 
Kpparently  made  in  the  statement  for  the  original  oost  of  the*  water- 
right  and  flume.  This  oomparison  in  cost  between  the  two  methods 
is,  bowever,  scarcely  fair  bo  the  latter,  as  the  hydraulicing  operations 
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To  Robert  Bell,  M.D.,  L.L.D.,  F.R.8.,  ETC. 

Director  Oeologicat  Survey  of  Csnada. 

SiB, — I  have  the  honour  to  submit  the  nccompanying  report  for  1901 
OQ  the  country  traversed  by  the  Ekwan  river  mud  of  a  route  theooe 
northward  through  Sutton  lUilt  lakes  and  down  Trout  river  to  Hudsoa 
bay,  together  with  »  short  description  of  the  weat  coast  of  James  bay. 
The  map  which  accompaaiee  the  report  is  compiled  from  our  own 
■nrvey  of  Ekwan  river  to  Washagami  river  and  track-surveys  of  the 
ronte  northward  to  Hudson  bay  with  log-survey  of  Sutton  Mill  lakes 
and  part  of  the  west  shore  of  James  bay.  In  this  work  T  was  ably 
asaiated  by  Mr,  W.  H.  Boyd  who  performed  most  of  t^e  instrumental 
aurveying.  A  list  of  the  fossils  collected,  by  Dr.  Whiteaves  and  another 
of  the  plants  by  Prof.  Afacoun,  are  appended. 

I  have  the  honour  to  be.  Sir, 

Your  obedient  servant, 

D.  B.  DOWLTNO. 
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SURVEY  OF  THE  EKWAN  RIVER 

iHD  Of  TUB 

ROUTEJTHROUaH  SUHON  MILL  LAKES  NORTHWARD 

Bj  D.  B.  DowLixa. 

The  oountr;  iiM)liid«d  in  the  Angle  between  Hadson  bftf  uid  the  Oaaanl 
weet  shore  of  Jftmaa  bay,  ii  drained  by  aeveral  Urge  atreama  running 
mainly  to  the  north-east.  Tboee  entering  Junes  bay  incline  to  the 
east  after  ranmng  north-eaBt  for  a  large  part  of  tiieir  oonraes.  The 
whole  sarface  slopes  gradually  to  the  north  and  east,  and  the 
greater  part  of  it  is  covered  by  a  heavy  deposit  of  clay  and  sand. 
On  tbe^north  slope,  or  that  lying  south  of  Hadson  bay,  proper,  the  de- 
posit is  flicker  than  on  the  slope  to  James  bay.  On  the  Fawn  river,  a 
branch  of  the  Severn,  TSt.  Low  reports  *h)gb  cut  banks  of  clay  near  the 
junction  with  the  Severn,  which  are  as  much  as  two  hundred  feet 
above  the  stream. 

In  the  valley  of  Sutton  Mill  lakes  there  is  a  heavy  out,  such  as  that 
mentioned  by  Mr.  Low  on  the  Fawn.  The  lake  is  very  deep  for  its 
width,  and  the  banks,  where  they  are  of  clay,  are  100  feet  above  the 
water,  while  several  soundings  in  the  lake  gave  a  depth  of  over  200 
feet.  The  submersion  of  much  of  this  area  has  been  proven  by  the 
presence  of  stlt  water   shells  in  the  surface  deposits. 

On  Uie  Attawapiskat  river.  Dr.  Bell  does  not  mention  snob  an  accil< 
mulation  of  drift,  while  our  own  observations  on  the  Ekwan  show  that 
the  general  depth  of  the  drift  covering  is  about  100  feet. 

The  recent  uplift  of  the  land,  as  observed  by  Dr.   Bell  in  several  Reoeni  nplift. 
places  to  the  south  of  this,  is  as  much  as  500  feet.     At  the  highest 
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pmat  reached  by  the  marine  temcee  in  the  Ticinitj  of  Sutton  MilT 
lakes  the  elevation  waa  detennioed  b;  aioanltaneoaB  readinga  of  aneroids 
at  the  lake  and  on~  the  shore  of  Hudson  baj  at  the  mouth  of  Trout 
river.  The  western  limit  of  these  clays  ou  the  Albany  river  is  below 
Mart«iis  falls  and  on  the  Attawapiakat  near  the  mouth  of  the  Blaok 
Fence  river.  On  the  Ekw&n,  the  edge  of  the  deposit  was  not  reached^ 
and  on  the  Severn,  the  marine  clays  were  found  on  the  Fawn 
branch  near  the  first  outcrop  of  lAurentian  rock.  At  the  period  of 
greatest  submergence  the  sea  covered  a  large  part  of  the  ares,  under 
discussion,  bat  it  is  quite  possible  that  part  of  the  elevated  ridge,  con- 
sisting mostly  of  Cambrian  rocks,  in  the  latitude  of  Sutton  Mill  lakes 
was  either  oat  of  water  or  formed  shallow  reefs  or  a  chain  of  islands. 

Coorae  of  On  the  removal  of  the  great  mass  of  the  glacier  and  the  consequent 

^^rcliBDmd  """'8''™*''*°  °^  'Ii*  retreat  of  the  sea  and  elevation  of  the  land,  the 
former  lines  of  drainage  were  more  or  less  blocked  by  the  deposit  left 
by  the  glacier  and  a  new  systAui  of  drainage  was  consequently  formed, 
l^at  some  of  these  streams  changed  their  courses  as  the  upward  tilting 
of  the  land  took  place,  is  very  probable.  In  the  case  of  the  Ekwan, 
the  upward  tilting  to  the  north  caused  the  deflection  of  the  stream 
from  the  valley  through  which  it  ran  on  its  way  to  the  sea  to  the  north 
of  Sutton  Mill  lakes.  The  deflected  part  of  the  river  is  now  the  section 
below  the  Little  Ekwan  and  is  noticeable  as  being  much  newer  than 
the  upper  part 
Surfaoa  cover-  The  general  surface  is  very  even  on  that  part  covered  by  the  marine 
(orMt.  '"  deposit,  and  is  a  gently  sloping  plain  covered  for  the  most  part  by  a 
thin  forest  of  black  spruce  and  tamarack.  To  the  river  valleys,  espe- 
cially near  the  streams,  other  trees  occur,  notably  the  poplars 
{Populug  tremuloidei  and  P.  haltamifera)  and  birch.  In  the  case 
of  the  tatter  tree,  few  large  ones  occur  north  of  the  Albany  river,  and 
the  Hudson's  Bay  Co.  have  established  a  canoe-building  industry  at 
Albany  post  to  supply  the  Indiana  coming  from  farther  north.  On  the 
Ekwan,  a  solitary  birch  waa  seen,  and  that  waa  only  a  small  sapling  on 
one  of  the  islands.  Five  individuals  of  the  Banksian  pine  were  seen 
in  one  group  on  the  north  bank  fifty  miles  up  the  river,  so  that  the 
northern  limit  of  both  birch  and  Banksian  pine  may  be  said  to  be 
south  of  this  stream.  Poplar  follows  the  valleys  of  the  streams  nearly 
as  far  north  as  the  spruce.  The  country  behind  Cape  Henrietta 
Maria  is  treeless,  aa  is  also  a  strip  of  the  coast  both  to  the  south  and 
the  west  of  the  cape. 
Survej  of  A.  mioTometer  survey  of  the  Ekwan  river  was  made  to  the  mouth  of 

Ekwan  river,   (j,^  Wasbagami  branch,  a  distance  of  one  hundred  and  fifty  miles. 
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The  general  valley  is  a  narrow  cut  throngh  clay,  with  cut  baoks  on 
either  side  for  tnoat  of  the  diBtance  to  the  first  branch. 

The  country  on  either  side  is  covered  by  a  moasy  swamp  with  a 
Bparce  growth  of  black  spruce  and  tamarack.  The  course  of  the  river, 
from  the  mouth  of  th«  Washagami,  is  east- south-east,  but  above  this  it 
evidently  takes  another  direction,  changing  its  upward  course  toward 
the  south  and,  as  its  head-waters  lie  between  the  beads  of  the  Attawa. 
piskat  and  Winisk  rivers,  it  probably  flows  to  the  north-east  for  some 
distance  before  turning  to  the  east  The  upper  part  is  an  older  channel 
and  its  course,  aa  before  mentioned,  was  probably  through  the  Sutton 
Mill  lakes  valley  to  the  shore  of  the  bay,  which  was  at  that  time  not  so 
far  from  the  lake  as  at  the  present  time.  In  the  latter  part  of  its  course,  puiitung  n 
it  IS  now  cutting  down  a  new  valley  through  marine  clays  which  cover  ^'''^y- 
the  underlying  rocks  to  a  depth  varying  from  twenty  to  fifty  feet.  From 
the  lowest  rock  exposure  to  the  sea,  the  current  is  swift  and  it  is  con- 
stantly moving  a  large  quantity  of  gravel  and  finer  material  towards 
its  mouth,  and  into  the  bay  into  which  it  empties.  Limestone  in  appia- 
rently  horizontal  beds  is  exposed  at  intervals  in  that  section  which 
lies  between  forty  and  one  hundred  miles  from  the  sea.  From  the 
fossils  collected  it  would  appear  that  they  ate  probably  of  Silurian  age. 

Above  the  Little  Ekwan,  the  river  issues  from  a  wide  valley  which 
is  cut  through  a  higher  plateau,  but  this  valley  gradually  narrows 
before  the  Washagami  is  reached,-  and  cut  banks  of  clay,  higher  but 
somewhat  similar  to  those  in  the  river  below,  occur  at  many  of  the 
bends.  These  clays  contain  marine  shells  such  as  Saj:icava  rugoga^  ]^„;„^  ^y 
Maeotna  ealcarea,  Mj/a  tnincata  and  Cardium  cUiatum.  These  were 
also  found  about  3S0  feet  above  tide  at  the  highest  point  at  which  the 
clays  were  seen.'  In  the  bed  of  the  river  the  living  fresh  water  species 
noticed  were  : 

Anodonta  Kennieotli  Lea,  A.  marginaia,  Say,  and  LampeUU  luteolua 
{Lamarck)  var.,  as  identilied  by  Dr.  Whiteaves. 

The  Washagami  river  is  but  a  small  stream,  divided  a  few  miles  ivashaiisn 
from  the  Ekwan  into  two  branches.  The  northern  branch  comes  river. 
from  a  long  lake-valley  running  north  and  south,  or  parallel  to  that  of 
Sutton  Mill  lakes,  and  this  may  also  have  been  one  of  the  outlets  for 
a  stream  such  as  the  upper  part  of  the  Ekwan.  The  lower  part  of 
this  valley  or  the  portion  near  the  Ekwan,  is  now  being  cut  into  by 
the  stream  and  a  short  new  valley  eroded. 

The  fall  in  the  Ekwan  from  the  mouth  of  the  Washagami,  as  given      ... 
by  our  barometric  readings,  is  over  300  feet     North  of  this,  to  beyond 
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Sutton  Mill  lakes,  exteoda  A  pUteau  which  is  at  an  elevation  of  400  feet 
aboTo  tide.  Through  this,  in  latitude  04*  20',  rounded  or  oral  masHos 
of  trap  protude  to  a  height  of  from  fifty  to  one  hundred  feet^  Through 
the  plateau,  on  a  line  where  there  is  also  a  break  in  the  trap  rocks,  a 
deep  narrow  vallej  has  been  eroded  in  a  north  and  south  direction, 
which  istiow  occupied  by  the  waters  of  Sutton  Mill  lakes.  At  the 
lake  the  surface  of  the  clay  plain  ie  390  feet  and  the  surface  of  the 
vat«r  of  the  lake  is  290  feet  above  tide.  Soundings  show  that  the 
bottom  of  the  southern  part  of  the  lakes  is  310  feet  below  the  plain 
and  that  of  the  northern  part  250  feet  below  this  datum  or  only  fortj 
feet  above  tide. 


Drawn  Iry  P.  II.  Poptn^au. 

Cliffs  of  wiap  anr  oa«ucTiBiHno  talus  at  oo: 
StmoN  Mill  lakkh. 

rian  lime-      Silurian  limestone  is  found  on  Trout  river,  which  drains  Sutton  Mill 

it  liiet.     lakes,  and  ia  also  found  in  the  bed  of  tbelakejuat  north  of  the  trap  rocks. 

The  rocka  at  the  narrows  of  the  lake  are  cliSs  of  trap  one  hundred  and 
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Stlj  feet  high,  capping  beda  of  prolwbly  Animikie  age*.  Thaee  ar« 
dark  slates  impregnated  with  iron  ore  and  interbanded  with  beds  of 
Jaapilyte.  Some  of  the  beda  contain  a  high  percentage  of  magnetite. 
On  the  east  shore  a  section  of  about  ninety  feet  of  these  jasper  and 
iron-bearing  slates  is  exposed  above  the  lake,  but  on  the  west  side  they 
have  been  brought  down  to  below  the  water  level  hj  a  aerira  of  north 
and  south  faults,  and  the  ezpoanres  there  ara  of  the  trap  alone.  These 
rocks  form  an  eaet-and-weat  ridge  reaching  to  the  upper  lakes  on  the 
Washagami,  and  eastward  to  a  large  lake  on  a  branch  of  the  Trout 
river  which,  as  before  stated,  drains  Sutton  Mill  lakes  and  runs  to  the 
north.  The  slates  and  jaapilyte  or  jaeper-sandstone  beds  form  a  long 
anticline,  whose  axis  runs  east-and-weat,  and  the  majority  of  the  beda 
exposed  belong  to  the  northern  slope  of  the  anticline.  This  ridge  is  J^^^***^ 
terminated  on  the  lake  by  a  aeries  of  north  and-south  faults  with 
downthrow  to  the  west  of  unknown  amount.  The  overflow  of  trap 
appears  to  have  been  at  a  later  date,  as  there  seems  to  be  some  uncon- 
formity at  the  base  of  the  trap,  the  flow  having  filled  all  the  inequa- 
lities in  the  underlying  surface.  The  cliff  at  the  west  aide  of  the 
narrows  is  of  trap,  one  hundred  and  fifty  feet  high,  with  none  of  the 
jaspilytes  showing  beneath  it.  On  the  eaat  aide,  however,  ninety  feet 
of  these  beds  are  exposed,  with  a  varying  thickneaa  of  trap  above 
them. 

The  shore  of  James  bay  is  low  and  shallow,  and  a  short  description 

«s  i^ven  in   the  snuimary  report  is  here  added.     The  delta  at  the  ^ ,    . 

mouth  of  the  Moose  river  is  divided  into  three  channels  which  enter  rhore  of 
J'ames  bay.  The  northern  one  runs  from  north  of  Middleboro  island  ■^""**  °*7- 
to  the  north-west  of  Ship  Sands,  hut  it  is  nearly  dry  at  low  water  and 
is  also  impeded  by  targe  boulders,  so  that  it  is  not  used  except  by 
-canoes  and  small  boats.  The  southern  channel  is  also  reported  to  be 
shallow.  The  central  channol,  which  runs  along  the  south  edge  of  the 
Ship  Sands,  shoals  to  seven  feet  at  low  tide,  and  vessels  pass  at  high 
water  after  having  been  lightened  to  draw  about  twelve  feet. 

Northward  from  the  outer  bar  to  North  point,  the  water  is  very 
«hoal,  but  it  deepens  slightly  to  Nomansland.  The  low-tide  Bats  are 
not  very  wide,  but  bare  project  from  many  of  the  points  for  long  dis- 
tances, as  at  Long  Ridge  and  Cockispenny  points.  At  Halfway  point, 
limeetone  fragments  are  pushed  up  along  the  shore  from  rock  appa. 
rently   in  lilu  below  tide.     Long  Ridge  puint  is  built  up  mostly  of 

ictioni  f 
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f;nvel,  with  a,  few  boulden  showing  on  the  snrfftce.  From  Nomans- 
land  to  the  Albaoy  river  the  shore  is  ver;  flat,  and  at  low  tide  the  mud 
shoals  extend  out  for  Mveral  miles. 

The  Albany  river,  like  the  Moose,  is  divided  at  its  mouth  into  three 
'  channels.  The  trading  eBtablishment  and  missiou  are  situated  on  an 
island  on  the  north  eide  of  the  southern  channel  North  of  this  island 
is  the  broad  openinj;  called  locally,  North  river.  This  has  a  long  bar 
at  its  mouth,  similar  in  position .  to  the  Ship  Sands  at  Mooee.  Tbfr 
southern  entrance  to  this  is  the  larger,  and  it  seems  to  be  much  deeper 
than  the  channel  going  to  the  settlement.  The  small  channel  nortb 
of  the  bar  is  shallow  at  luw  water  and  has  a  bar  outside  on  which  w& 
found  a  depth,  at  high  tide,  of  verj  little  over  one  fathom.  Very 
shoal  water,  in  which  boulders  appear,  extends  northward  beyond 
Nottasbay  point  and  boats  are  obliged  to  keep  nearly  out  of  sight  of 
land  to  escape  the  ehoaU.  Chickaney  river,  which  enl«rs  north  of  the- 
Albany,  is  said  to  be  another  channel  from  the  same  river. 

Shoals  were  observed  well  out  from  shore  to  near  the  Kapiskau 
river.  In  the  inner  water  between  Akimiski  island  and  the  mainland 
there  seems  to  be  a  maximum  depth  of  about  two  fathoms.  This 
shoals  gradually  to  one  fathom  at  a  distance  of  three  miles  from  either 
shore.  The  mainland  is  generally  without  a  beach  and  between  the 
woods  and  the  tide-line  is  a  wide  flat  covered  with  grass.  The  north- 
west part  of  Akimiski  island  approaches  the  mainland  much  closer 
than  is  shown  on  the  maps,  and  a  number  of  shoals  are  scattered  from, 
hence  to  the  point  south  of  the  Bkwan  river.  The  boat  channel,  ac- 
cording to  our  guide,  runs  to  the  west  of  the  two  islands  which  here 
lie  off  the  shore.  The  position  of  the  mouth  of  the  Ekwan  river  ac- 
cording to  several  otnervations,  is  in  latitude  53°  14'  0". 

Northward  from  the  Ekwan,  the  shore,  for  a  long  distance,  is  flanked* 
by  high  gravel  bars,  but  at  low  tides  a  broad  belt  of  mud  extends  out 
several  miles,  so  that  travelling  along  this  coast  with  canoes  is  very 
unpleasant  should  the  time  of  high  water  be  in  the  middle  of  the  day 
or  night.  Landing  on  the  beach  without  a  long  "  carry  "  through  the 
mud  is  only  possible  at  high  tide. 

The  rivers  that  enter  the  bay  between  Niahkow  point  and  Cap& 
Henrietta  Maria  are  not  large  and,  as  the  former  maps  are  mere  sket- 
ches, it  is  difficult  to  locate  those  which  are  not  known  by  a  local  In- 
dian name.  The  first  stream  north  of  the  Ekwan  is  a  small  channel 
said  to  be  a  branch  from  that  river.  It  is  marked  by  two  gravel  bars 
to  th*  north  about  a  mile  from  the  beach.  Swan  river,  which  is  per- 
haps Kaft  river  of  the  map,  enters  in  latitude  53°  36'.     It  is  in  a. 
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ali(;ht  bay  or  curve  in  the  shore  liae.  Id  Itttitude  51*  the  shore  takes 
a  curve  to  the  vrest,  fonning  a  point  and,  aa  the  tree-line  curves  to  the 
north-west  from  here,  this  is  probably  Point  Monraing,  the  first  wood, 
ed  point  south  of  Cape  Henrietta  Maria.  Several  small  streams  flow 
into  this  bay.  The  first  is  called  by  the  Indiana,  Nowashe  river — the 
next  Patchipawapoko — then  the  largest  along  this  coast,  the  Ojunna- 
g&n,  followed  by  the  last  stream  Kikitowasaki,  fifteen  milea  north  of 
the  Optnnagsn.  The  latitude  of  the  mouth  of  Opinnagan  river,  by 
obeervation,  is  54'  12'  24". 

The  bay  to  the  south  of  Cape  Henrietta  Maria  is  shallow  and  muddy 
with  wide  mad  flats,  but  near  the  extreme  eastern  end  of  the  cape, 
the  shore  is  reported  to  he  bolder,  and  limestone  beds  are  said  to  out- 
crop at  high  tide  mark.  These  are  probably  oontiQuations  of  thofe 
found  on  the  Ekwan  and  Attawapiskat  rivers  to  the  south-west. 

The  timber  along  the  coast  gradually  becomes  smaller  in  going  north, 
ward  and  the  tree  line  recedes  from  the  shore,  leaving  it  finally  at  the 
Opinnagan,  so  that  the  country  behind  the  cape  is  more  or  less  an 
open  plain.  The  shore,  where  the  trees  are  at  a  distance  from  the 
beach,  is  generally  an  even  mud  slope,  covered  above  high  tide  with 
grass,  followed  by  a  wide  belt  of  stunted  gray  willows  which  give  an 
appearance  like  the  sage  bush  of  the  plains.  Behind  this,  a  few  isolated 
aprucee  of  small  size  appear  before  the  tree-line  is  reached,  In  sailing 
along  this  coast,  it  is  impossible  to  know  which  way  to  steer  so  as  to 
mn  parallel  to  the  land  as  nothing  is  to  be  seen  ahead  by  which  to 
shape  one's  course. 

Tides,  Fur  bearitig  Animalt  and  Game. 

The  tides  along  this  narrow  shore  are  not  regular  in  their  amount  siae  aod  fall 
of  rise  and  fall,  which  is  determined  in  a  great  measure  by  the  direc-  ^^"  °"^ 
tion  and  strength  of  the  wind.  From  the  Ekwan  river  northward,  the 
high  tide  appears  to  be  about  six  and  a  half  hours  after  the  moon's 
meridian  passage — the  flood  and  ebb  running  seven  and  five  hours 
respectively,  while  to  the  south  of  the  shallow  ground  between  Akim- 
leki  island  and  the  mainland,  the  flood  comes  from  the  south  and  is 
much  earlier.  High  tide  at  Lowasky  river  occurs  at  between  two  and 
a  half  and  three  hours,  and  at  Albany  about  the  same.  The  flood 
tide  at  Lowaaky  river  runs  four  hours  and  the  ebb  eight.  At  Albany 
the  flood  runs  five  hours  and  the  ebb  seven.  At  the  outer  bar  at 
Hooae  river  the  tides  are  from  half  an  hoar  to  an  hour  earlier. 
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Fur-bearing  animals  are  not  particalarl^  uameroas,  but  the  Indiaiu 
bring  in  to  the  Hudson's  Bay  Company's  poaU,  fox,  ott«r  and  bearer 

^JJ^JJ^^     Caribou  are  occasionally  secured  but  not  in  large  number*,  Black  skins. 

tame.  bears  are  also  ocoasionally  killed.     Last  season  (1901)  I  was  infonned 

that  the  Indians  on  Akimiski  island  killed  three  white  or  polar  bears 
during  the  early  samner,  and  one  was  seen  by  our  party  along  the 
coast  north  of  the  Ekwan. 

In  the  interior,  the  game  birds  are  all  very  scarce,  the  fall  hunt  for 
ducks  and  geese  being  confined  to  the  shores  of  the  bay.  The  rivers 
afford  a  limited  supply  of  whiteEsh,  and  a  small  species  of  this  fish  is 
caught  in  the  tide-water  along  the  west  shore  of  James  bay.  The  nets 
are  set  or  hung  on  stakee  on  the  tide  flats,  and  are  covered  by  the  tide 
for  a  few  hours  each  day.  Sutton  Hill  lakes  are  well  supplied  with  a 
slender  variety  of  gray  troot  and  the  streams  running  to  the  north  into 
Hudson  b»y  are,  at  certain  seasons,  well  stocked  with  brook  trout. 
In  August  the  stream  draining  Sutton  Mill  lakes  was  full  of  these  fish, 
and  several  fine  specimens  were  caught  on  the  lake  above  at  the 


Hiitorical  tvimmary. 

X  1  e  dIo-  "^^^  southern  coast  of  Hudson  bay,  east  from  Port  Nelson  (York  Foe- . 
nn  of  rfud.  tory),  was  visited  or  expbred  by  Captains  Luke  Foi  and  Tbos.  James 
'"''     ^'  in  1631,  and  again  visited  by  James  in    1633,     These  two  navigators 

met  off  the  coast  near  the  mouth  of  the  Winisk  river  on  August  29- 
30,  1631.  £ach  had  given  a  name  to  the  country  to  the  south-west. 
Fox  called  it '  New  Yorkshire '  and  James  '  The  South  Principality 
of  Wales'  probably  on  account  of  the  previous  name  '  New  Wales' 
given  by  Button  in  1613  to  the  land  southwest  of  Port  Nelson.  These 
two  navigators  sailed  together  eastward  to  the  entrance  to  James 
bay  and  there  separated,  Fox  to  go  north  and  James  southward  intj> 
the  bay  to  winter.  Fox  called  the  cape  he  hod  left  '  Wolstenholmes 
IJltimum  Vale.'  James,  after  rounding  the  cape,  determined  its  latitude 
(55°. 05')  and  called  it  Cape  Henrietta  Maris,  after  the  queen  and  also 
after  his  own  ship.  His  name  for  the  cape  has  been  retained  and  his 
description  oE  the  coast  near  it  is  still  very  true  and  is  in  a  concise 
DMoriptioD  of  form  *  : — '  From  Port  Nelson  to  this  cape  the  land,  trends  (generally) 
C»M  J»meK.  ^''''^■sooth-eaat,  but  makes  with  points  and  bays,  which  in  the  parti- 
culars doth  alter  it  a  point,  two,  or  three.  The  distance  is  about  one 
hundred  and  thirtie  leagues.     The  variation  at  the  Cape,  taken  by 

•  Yojtgot  of  Fpi  *Dd  Junes  to  tbe  Nurth.west.    HsUfut  SooiBty.  p.  490. 
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Amplitude,  is  dbont  8ixt«eDe  degrees.     A  most  should  and  periloas 
coast,  in  which  there  ia  not  one  Harbour  to  be  found.' 

Ha  did  not  follow  the  shore  far  to  the  south  of  the  cape,  but  made 
out  to  the  Bear  islands  ftnd  so  on  to  the  south  end  of  Charlton  island, 
There  he  wintered.  Retumiug  in  the  summer  (1632)  be  landed  at 
the  oape  and  set  up  a  cross  with  the  arms  of  the  king  and  of  the  cit^ 
of  Bristol. 

The  eastern  face  of  the  point  seems  to  hare  deeper  water  off  it  than 
along  the  north  ihore^  as  James  anchored  in  six  fathoms  about  a  mile 
from  the  shore.  He  reports  a  loug  shoal  point  muning  out  to  the 
northward  or  north-east. 

In  a  publication  hy  the  Hakl)rat  Society  entitled  '  The  Geography  DeKription  of 
af  Hudsons  Bay  '  by  Capt.  Coats  (an  officer  with  the  H.  B.  Co.  from  ^^^  river 
1727-1751),  the  description  of  the  coast  from  Severn  river  to  Cape  ^^PJj^ 
Henrietta  Haria  in  written  for  the  information  of  sailors,  but  in  it  is  Marub^ 
given  some  indication  of  the  character  of  the  land  as  well.  The  follow-    *'* 
ing  eitracts  from  the  above  work  give  the  main  part  of  Coats '  deacrip. 
tion  (see  pp.  16-62.) 

'  From  Severn  river  to  Cape  Henrietta  Klaria,  in  latitude  65°  lO*  N., 
the  course  is  E.  S.  E.,  to  westward  of  which  in  65°  30'  near  Oape  Look- 
out is  some  broken  ground,  banks  and  ridgea  a  great  way  off,  come  no 
nearer  than  seventeen  fatham  ;  the  land  very  low  and  fenny,  appears 
here  and  there  in  tnfts  of  tree. 

To  southward  of  the  Cape  the  land  runs  S.  S.  K,  very  low  but  clean 
even  soundings  with  wood  in  some  plaoea.  The  shore  is  flatt  a  good 
ways  off' 

' Near  the  same  latitude'  (54°  38'  to  54°  28')  on  the  west  main  p^^^j 

is  a  bluff  of  wood,  called  Point  Mourning,  from  the  hurying  of  one  of  Moummg. 
Captain  James  men  there.     The  land  to  northward  of  this,  and  west, 
ward  of  the  Cape  is  alt  a  low  fenny  unbounded  marsh,  not  to  be 
seen  but  in  fine  weather,  so  your  lead  is  your  principal  guide.' 

The  topography  of  this  coast  and  of  the  western  side  of  James  bay 
has  been  but  roughly  sketched  by  these  navigators  and  little  altered 
by  subsequent  ones.  The  streams  draining  to  Hudson  bay,  as  also 
those  flowing  eastward,  were  mapped  from  sketches  made  by  various 
officers  of  the  Hudson's  Bay  Company.  The  route  through  Sutton 
lakee,  by  the  Little  Ekwan  river  was  sketched  by  Mr.  Thos.  Bunn  in 
1803.  Later,  a  route  to  the  Wioiek  via  the  Washagami  branch  of  Ute 
Ekwan  was  mapped  from  a  track-survey  or  sketch  by  Mr.  Qeo.  Taylor 
in  1808.    This  latter  route  is  not  used  by  the  Indians  of  the  present 
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RoatM  ^'^y  <^*  perh&pi  the  atrsftms  to  be  u&vigat«d  a,n  too  inuJI.    The  Little 

changed.  EkwKD  b  now  r«[M)rted  to  bo  blocked  up  bj  driftwood  and  the  old 

routes  Are  totally  changed.  The  route  to  the  take  in  now  from  the 
Waahagami  outward  over  a  long  stretch  of  moskeg,  and  that  to  the 
Winisk  in  made  by  a  portaga  from  farther  up  the  Ekwan,  direct  to  a 
small  stream,  a  tributary  of  the  Winisk. 

The  information  as  to  the  origin  of  the  topography  which  appeared 
on  the  old  mape  is  obtMoed  from  a  nuumscript  map  compiled  for  the 
Hndaon's  Bay  Company  to  show  the  explorations  of  Ur.  Peter  Fiddler- 
Thb  is  now  in  the  office  of  the  Qeograpber,  Interior  Department. 
These  sketches  were  no  doubt  supplied  to  Arrowsmith  Aod  were  since 
reproduced  on  all  the  maps  of  this  district. 
Snrvej  of  The  Attawapiskat,  river  at  the  soathern  boundary  of  this  district, 

by  or^Bdl  *■"  *'"'™y«*  i"  1886  by  Dr.  R.  Bell,  who  the  same  year  completed  his 
survey  of  the  Albany  river.  The  same  season  Mr.  A.  F.  Low  traversed 
the  coantry  to  the  west  from  Ijake  Winnipeg  to  the  Severn  river  and 
deaoended  the  latter  stream  to  the  sea.  Instead  of  following  the  main 
stream  for  the  whole  distance,  be  crossed  from  Severn  lake  to  Trout 
lake  lying  to  the  east  and  descended  the  eastern  branch  or  Fawn 
river,  joining  the  main  stream  about  fifty  miles  from  the  sea. 

Ekwan   Riveb. 

Outlet  of  Of  the  many  outlets  at  the  mouth  of  this  stream,  the  principal  or 

wan  nver.    ^^^^  having  the  greatest,  depth  of  water,   is  the  central  one.     Several 

small  wooded  islands  are  situated  at  the  mouth,  and  to  the  east  of 

these  the  several  branches  of  the  stream  flow  over  boulder  and  gravel 

flats  to  the  sea.     At  high  tide  the  level  of  the  river  is  only  alfected  as 

far  up  as  the  first  wooded  island,  and  at  low  tide  there  is  abovt  a  mile  of 

swift  currant  from  this  point  to  the  sea.     Boats  entering  at  low  tide 

have  only  about  two  feet  of  water  at  the  steepest  slope.    In  the  spring 

there  is  probably  sufficient    water  to  float  boats  drawing  over  four 

feet  of  water. 

Strong  There  is  a  strong  current  in  ascending  the  river  for  the  first  eighty 

ourren  .  miles,  Mid,  in  this  part,  the  whole  distance  is  usually  made  by  tracking 

the   canoes.     In  the  present  condition,  the  sides  of  the  valley    are 

generally  free  from  bushes  and  tress,  so  that  there  is  good  walking 

along  the  bank. 

After  passing  above  the  islands  in  the  mouth  of  the  stream,  it  is 
found  that  the  river  has  cut  down  through  a  terrace  of  clay  with  a 
small  percentage  of  taud  and  pebbles.  The  pebbles  are  generally  found 
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near  the  surface  of  the  terrace — here  about  fifwen  feet  above  the 
stream.  The  eastern  edge  of  this  terrace  slopes  steeply  to  the  sea  audi 
as  it  ia  wooded  to  near  high  tide  mark,  scarcelr  »nj  trace  of  it  b  seen 
from  the  sea.  The  tide  flat  which  borders  the  coast  is  probably  derived 
from  the  denudation  of  the  edge  of  this  terrace. '  The  absence  of  cli9s 
or  cnt-baoks  along  the  coast  would  indicate  a  recently  receded  ahore- 


The  surface  of  the  terrace  was  found  to  be  covered  with  a  thick  coat-  Timber  oon- 
ing  of  moss,  and  the  timber  on  it  is  mostly  small  sprnoe  and  tamarack.  Ip^^  ^ 
Some  of  the  trees  might  be  from  six  to  eight  inches  in  diameter  but  tunarack. 
the  average  is  much  less.  At  the  edge  of  the  bank  a  fringe  of  larger 
trees  occasionally  appears,  but  it  does  not  extend  far  from  the  stream. 
The  exposures  on  the  banks  show  the  terrace  to  be  mode  up  mostly  of 
stratified  clay  and  sand,  near  the  surface,  with  a  Que  clay  of  soft  texture 
beneath.  Of  the  boulders  and  pebbles  in  the  channel  of  the  stream 
and  along  the  sloping  banks,  fully  fifty  per  cent  are  of  light  yellowish- 
gray  limeetone  and  the  remainder  are  of  Huronian  and  Laurentian 
cryatallines.  Ocuuionally,  bits  of  red  quartzite  and  iron-bearing  shales 
from  the  rocks  of  the  Naatapoka  Q  oup  were  seen.  Ijarge  boulders  of 
greenstone,  having  rounded  inclusions  of  coarser  texture  and  lighter 
colours,  occur  here  as  well  as  on  most  of  the  streams  entering  Jameg 
bay.  These  ara  also  probably  derived  from  the  amygdaloids  in  the 
upper  part  of  the  Cambrian  sections  found  on  the  east  side  of  Hudson 
bay. 

Not  far  from  the  mouth,  the  river  again  divides  into  a  number  of 
channels,  and  the  banks  in  this  vicinity  are  only  about  ten  feet  high. 
The  current  increases  slighcly  and  several  swift  places,  are  causMi  by 
an  accumulation  of  boulders  in  the  channel.  A  small  branoh  channel, 
running  north  to  the  bay  north  of  Niabkow  point,  leaves  the  river 
from  behind  some  of  the  islands  of  this  group.  The  river  continues 
with  swift  current  and  is  divided  in  a  few  places  by  islands. 

Thirty-three  miles  from  the  mouth,  the  first  strong  rapid  occurs,  and 
the  underlying  limestones  outcrop  ,in  a  ledge  runniag  across  tbe  bed  of  Fowili.. 
t^e  stream.     The  beds  are  lying  apparently  horizontal,  and  are  of  a 
grayish-white  dolomitic  limestone  holding  a  few  badly  preserved  fossils, 
from  which  Dr.  Whiteaves  describes  or  identifies  the  following:— 
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Favotittt  Bisingeri ;  Trimerella  bor«alu  ;  Retievlaria  teptenlrionaiit  ,- 
£uomphalua  tp.  indet ;  and  Arvnteu*  Mkuxmetuit. 
IdiDMtaiici  In  the  next  ten  miles,  whiah  is  t^e  disUutce  to  the  portajie  at  a  seriea 

llkldle  npid.  of  heavj  rapidi,  there  are  two  stiff  rapids  at  which  the  limestones  oot- 
crop.  At  the  heaviest  of  these,  called  the  Middle  rapid,  the  fall  amounts 
to  approximatelj  five  feet  Tha  beds  exposed  here  are  thicker  and  con- 
tain man;  more  foesil  remeins  than  at  the  first  rapid — The  fossils  are 
principally  large  trilobites  and  corals,  as  in  the  following  list :  Spirifer 
eruput ;  Jtetieularia  ttptenirumalia  :  Salpin{fottoma  bor^aU  ;  Diapho. 
rotloma  perforatum, ;  Phrofmocerat  lineolatum  ;  nianut  sp.  indet.  ; 
and  SrtmUut  BkwaneruU. 

Above  this  the  banks  gradnally  rise  in  a  aeries  of  steps  to  thirty  feet, 
which  might  be  taken  as  an  iodicatioD  of  an  old  shore  line. 

Tha  portage  mentioned  above  is  on  the  northern  side  of  the  river. 
Here  the  stream  has  cut  a  shallow  gorge  through  the  limestone.  This 
has  been  slowly  widened,  and  is  the  first  indication  of  age  that  the 
river,  thus  far  has  shown.  Below  this,  from  the  sea  up  stream,  the  river- 
channel  is  new — that  is  to  say,  it  is  stilt  wearing  down  the  sides  of  the 
valley  and  is  bordered  by  cut-banks.  The  material  thus  fed  into  the 
river  is  being  rapidly  removed,  and  there  is  little  of  it  deposited  till 
the  sea  is  reached. 

The  rapids  below  the  portage  show  a  certain  amount  of  river  wear, 
but  not  so   pronounced    as    at  the  portage.     The  beds  ont  ue  not 
deposited  in  a  regular  manner,  bub  are  disarranged  owing  to  the  local 
development  of  coral  reefs,  which  give  the  immediately  overlying  beds 
Kmilar  to        the  appearance  of  having  been  disturbed  and  bent.     These  same  lime- 
AtwI^Ut  Bt^nee  on  the  AlUwapiskat  river,  just  to  the  sonth,  are  described  by 
riTBi.  Dr.  Bell  as  cavernous  limestonen.  It  would  seem  that  ^e  more  porous, 

or  what  seem  to  be  the  coralline  masses,  weather  much  more  easily 
than  the  thinner  beds.  On  this  river  there  are  no  caverns,  as  the 
valley  is  not  eroded  deeply  enough  to  expose  much  of  the  rock.  "The 
beds  below  the  coral  reef  at  the  portage  are  thin  and  lying  nearly 
horizontal,  but  above  the  portage  the  beds  are  thicker  and  contain  a 
very  nnmerous  assortment  of  remains  of  gastropods  and  corals.  The 
collections  made  here  tor  the  purpose  of  determining  the  horizon  were 
moBtly  from  the  rocks  near  the  upper  end  of  the  portage  road.  The 
list  of  species  determined  or  described  by  Dr.  Whiteaves,  and  published 
as  a  supplement  to  this  report,  in  his  (pinion  indicates  a  horizon  rather 
high  up  in  the  Silurian. 

Those  which  occur  at  this  part  of  the  river  are  given  in  the  following 
list  :— 
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H<UytiUi  entemtlaria  ;  Lyeliia  luperba ;  Zaphreniia  Stokuii ;  Pyonoa-  UM  of  fossili. 
i/yliu  «Ugan*;  Pyonogtyltu  Guelphontis ;  Favositea  Qothlandioa ; 
FavogiUt  BUingtri;  Siromatoporoid  sp.  iadet. ;  Crinoidaa  ap.  indet.  ; 
fenetlallasubaretiea;  TrimeTtlla  Bkvianantig ;  Slrophodonta  sp.  indet. ; 
Pleetambonitet  tratuvergalia ;  Spirifer  sp.  indet. ;  Betieularia  tepten- 
trionalis;  JferUtina  (?)  expwnta ;  Hetieularia  sp.  indet;  Gtaatia 
varMUii ;  Atrypa  reticularit ;  CamarotoKhia  Bktcatutuia ;  Atn- 
banyahia  undulata ;  Ambonychia  t^Untrionaiii ;  MytUarca  p«r- 
noidei;  Clenodonta  *u  bovata  ;  Euomphalopterui  ap.  indel.;  Mega- 
lon^hala  robuata  :  Salpingottoma  horaale  ;  Oyronema  apeeiomim ; 
Oyronema  Dowtingii;  Oyronema  br«vi»pira;  Loxonema  ap.  indet. ; 
Orthonyehia  obtuea ;  Platyoeraa  compactwn ;  Strophoslylua  amplus ; 
StrvphoatyliM  infiatat ;  Slrophoflylut  JUieinetua  ;  Endooeraa  (or  If  anno) 
sp.  indet. ;  Kionaceraa  eaneellaium  ;  Orthoceraa  Skwanenae  :  Ortho- 
ctraaep.  indet.;  Phragmocera»  lineolalum ;  Illanuaap.  indet.;  BronUm 
Ektoanenaia ;  Bronteua  aquiloTtaria  ;  And  Caraurue  Tarqninina. 

For  nearly  four  miles  above  the  portage  the  current  is  swift  uid 
several  amall  rapids  occur,  the  largeat  of  which  haa  a  f&ll  of  three  fe6t. 
At  thirteen  miles  from  the  portage  is  another  rapid  where  the  ezpoaed 
rock  ia  a  thinly  bedded  limeatone  in  a  low  anticline,  the  axis  of  which 
runs  N.E.  and  S.W.  A  stead;  awift  current  ia  met  all  the  way  to 
Flint  rapid,  thirty  miles  above  the  portage,  but  the  banks  are  in  places 
partly  overgrown  with  groaa  and  the  edge  of  the  slope  fringed  with 
willow.  Both  species  of  poplar  begin  to  make  their  appearance,  and 
some  trees  are  of  fair  size.  In  the  lower  reoohee  the  banks  are  for  the 
most  part  bare  and  clay,  with  boulder  pavemente  near  the  stream. 

All  the  exposures  of  the  clay  contain  marine  shells  near  th^  tc^,  Marine  ahelk. 
from  which  the  foUoviog  species  were  collected : — Saxicava  rugoea, 
Mya  tntneala,  Maeoma  ealcarea  and  ConKutn  cilUUum. 

No  definite  boulder  clay  was  seen,  oa  it  ia  covered  by  the  marine  clay 
and  the  constant  sliding  from  the  surface  conceals  the  underlying  beds. 

The  Flint  rapida  are  not  more  pronounced  than  many  of  the  othera, 
but  as  the  river  has  cut  partly  through  a  series  of  beds  of  yellowish 
gray  limestone,  in  which  there  are  many  iacluaions  of  chert,  the  Indians 
have  named  the  rapid  "  Piwana  powestik  "  or  Flint  rapid. 

The  country  on  either  side  ia  about  ten  feet  above  the  stream.  Poplar 
shows  in  spots  and  ocoaaiooally  clumps  of  large  black  spruce,  but 
tbeee  are  generally  on  the  islands  or  prominent  points  of  the  river  banks. 

What  ia  called  Upper  or  Loat  rapid  is  a  small  faU  of  two  feet,  nine  ^t,^^  ^lA- 
milea  above  Flint  rapid,  where  the  river  flows  over  thin  beds  of  lime-  Jt«t«<l «, 
14-F-3  ""•"""■ 
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■tooe.  The  soction  ot  the  rocks  exposed  oonsista  of  only  a  tew  beds, 
making  a  total  of  aboat  aix  feet.  The  lower  members  are  ashy  gray  ia 
colour,  somewhat  mottled,  and  break  iato  irregular  lumpy  fragments. 
A  few  fossils  collected  from  these  beds  are  given  in  the  following 
list,  from  the  appendix  by  Dr.  Whiteaves. 

\Zaphrentu  Stokesii;  Faxtorite*  Gothlandica ;  OrUm  sp.  indet. ; 
Plewrotomaria  sp.  indet. ;  Aetinocerai  KeetoatinenK ;  Phagmocerat 
lineokUtim ;  ItochUina  or  Ltperdttia  sp.  iodet. 

The  central  beds  are  yellow  and  full  of  cavities  of  irregular  shape, 
with  a  tbickDess  of  perhaps  two  or  three  feet.  The  top  beds  are  gray 
and  similar  to  those  at  the  basa     Fossils  are  scarce. 

Above  the  rapid  to  the  mouth  of  Little  Ekwan  river,  the  valley  is 
probably  slightly  older  than  below,  and  the  banks  are  covered  with 
willow  and  poplar.  The  channel  is  wide  and  dotted  with  numerous 
islands.  In  a  few  places  side  channels  form  large  islands  and  the  car- 
rent  in  this  part  is  much  slower,  averaging  only  about  a  mile  and  a 
half  per  hoar. 
2  The  Little  Ekwan  enters  from  the  north  in  a  narrow  valley.  The 
stream  appears  to  be  very  small  and  is  reported  to  be  blocked  by  drift 
timber  and  windfalls,  so  that  the  Indiana  do  not  travel  on  it  witii  canoea. 
Just  to  the  south  is  titw  mouth  of  the  Wagakashi  coming  from  the  south 
in  a  valley  which  is  a  continuation  of  that  of  the  Little  Ekwan. 
Another  stream  from  the  south,  the  Matiteto,  enters  three  miles  above 
the  idttle  Ekwan  and  there  are  several  places  in  the  stream  between 
theee  two  points  where  the  current  is  swift.  Here  the  river  has  cut  a 
channel  through  thin  bedded  limestone  and  aboat  a  foot  of  this  shows 
on  the  banks.  It  is  a  fine-grained  yellow  limestone  and  shows  no 
fossils.  Three  miles  above  the  Matiteto,  the  same  beds  apparently, 
are  also  cat  by  the  channel  of  the  river,  and  this  ia  the  highest  point 
on  the  river  where  we  saw  the  underlying  rocks.  These  exposares  no 
doubt  formed  rapids  in  the  earlier  history  'of  the  channel,  but  they 
have  unce  disappeared,  and  the  general  grade  of  the  river  is  now 
nearly  reached,  except  at  one  or  two  points.  Similar  denudation  is 
observed  at  Flint  and  Last  rapids,  but,  as  there  is  a  heavier  bed  of  lime- 
stcoie  to  cut  through,  there  is  still  a  large  amount  of  work  for  the  river 
to  do.  At  the  portage  and  the  series  of  rapids  in  that  vicinity  the 
rock  is  in  thicker  masses,  consequently  the  falls  are  in  the  midst  of  the 
rock  exposures. 

Above  the  mouth  of  the  Matiteto  a  higher  terrace  is  reached  and 
through  this  an  older  valley,  opening  to  the  east  in  a  wide  mouth  is 
entered.    The  eastern  face  of  this  terrace  and   the  sides  of  the  old 
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valley  show  sand;  deposits  whioh  are  prol^bly  the  shore  deposits  when 
the  sea  flanked  the  eastern  edge  of  this  platean.  Their  nature  was 
not  worked  oat,  owing  to  lack  of  time,  but  there  is  little  doubt  that . 
beaches  may  be  found  in  this  vicinity.  Throagh  the  old  valley  the 
river  is  now  cutting  another  channel  and  for  ten  miles  upward  the  River  cuttinK 
stream  is  very  active  and  is  wearing  rapidly  throagh  the  clay.  Above  dumnel. 
this  the  grade  is  not  so  steep  and  consequently  the  current  is  much 
slower.  The  immediate  banks  of  the  stream  in  many  places  do  not 
reach  the  sides  of  the  old  valley,  bnt  the  higher  plateau  is  in  view  at 
many  points  and  finally,  before  reaching  the  mouth  of  the  Waahagami, 
the  nvsr  seems  to  be  flowing  in  a  much  narrower  valley  with  occa- 
sional clit-banks,  apparently  the  old  channel  slightly  deepefted.  The 
active  part  of  tha  revived  stream  has  not  yet  reached  the  underlying 
rock,  and  its  work  is  retarded  by  an  occasional  accumulation  of  boul- 
ders. About  six  miles  below  the  Washagami  a  sudden  bend  of  the 
stream  to  the  south  has  thrown  the  current  against  the  south  bank, 
and  excavation  on  a  large  scale  is  going  on  in  this  locality. 

The  high  plateau  here  entered,  as  well  as  its  eastern  slope  to  James  putesu  oover- 
bay,  is  covered  by  a  coating  of  marine  clay  which  probably  overlies  '"■  , 
boulder  clay.  That  some  of  this  exists  beneath  the  marine  clay  is 
proved  at  only  one  or  two  small  exposures.  It  probably,  in  many  places, 
contains  no  boulders  and  therefore  the  dividing  line  between  it  and 
the  marine  clay  is  hard  to  define.  The  reddish  clay  near  the  mouth 
of  this  river,  although  mainly  free  from  boulders,  appears  to  have 
received  its  colouring  matter  from  a  soft  red  shale  which,  though  not 
outcropping  on  the  bank  may  occur  in  the  bed  of  the  river  below  the 
limestone.  This  may  be  a  local  development  of  the  boulder  clay,  as 
were  it  a  part  of  the  marine  deposit  a  more  extensive  distribution 
might  be  expected.  Large  boulders  are  not  nnmerona  in  the  river 
channel,  bat  at  intervals  there  are  aocnmnlations  of  them.  Small 
rounded  boulders  and  pebbles  are  common,  but  the  majority  seem  to 
come  from  the  surface  of  the  clay  or  the  upper  part  of  the  section.  Ma- 
rine shells  were  collected  from  the  banks  near  the  lop  of  the  exposures, 
and  these  are  of  the  same  species  as  those  recorded  *on  a  prerioos  page 
as  haring  been  found  near  the  mouth  of  the  stream.  The  same  species  DiSerential 
were  also  collected  from  the  higher  parte  of  the  plateau  at  an  elevation  of  "P"'^ 
four  hundred  feet  above  tide,  showing  that  all  this  region  was  submer- 
ged at  the  close  of  the  glacial  period,  to  at  least  between  four  and  five 
hundred  feet.  The  uplift  since  then  has  been  greater  perhaps  in  the 
northern  part  of  this  area  than  in  that  to  the  south  near  the  height- 
of-land.  This  difierential  uplift  is  clearly  shown  in  the  area  to  the 
west  formerly  covered  by  the  glacial  Lake  Agasaiz,  where  the  h^hest 
1*— F— 2J 
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beach  at  the  norlh-«Mt  corner  of  the  Dack  Movtntains  is  now  350  feet 
above  the  outlet  at  I^ke  Traverse.  The  plom  now  drained  b;  the 
Ekw&n  and  Attawapisknt  rivers,  on  its  emergence  from  the  sea,  sloped 
northward,  and  the  drainage  probably  took  a  northern  direction  to 
Hudson  baj  but,  as  the  plateau  reached  an  elevation  approaching  its 
present  poeition,  this  slope  was  lessened  and  the  stretms  were  diverted 
toward  James  bay.  The  older  portions  of  the  river  channel,  which  are 
situated  in  the  higher  part  of  the  plateau,  probably  carried  streama 
which  found  their  outlet  by  uniting,  and  flowing  to  ihe  north  from 
the  vicinity  of  the  Little  EkwMi  river  and  thus  through  the  deep 
valley  in  which  ie  situated  Sutton  Mill  lakes.  The  present  general 
direetioD  ror  both  these  streams  is  on  nearly  parallel  lines  running 
north-eABterly,  but  making  a  decided  bend  to  the  east  and  east-eouth 
east  from  the  vicinity  of  the  Little  Ekwan. 

The  aurfaoe  of  tJie  plane  or  slope  Ebward  James  bay  is  very  regu- 
lar, and  the  uplift  and  cotuequnnt  retreat  of  the  sea  very  uniform  in 
its  movement.  A  slight  steepness  in  the  slope  at  the  rapids  at  an 
elevation  of  100  feet  above  the  sea  might  be  accounted  for  by  a  short 
halt  of  the  eea  margin  at  this  line  and  consequent  denudation.  As 
the  drainage  on  all  this  slope  is  new,  the  greater  part  of  the  aur&ce  is 
still  very  flat  and  ewampy,  as  the  mtnor  drainage  is  not  developed. 

W  ABB  AG  AH  I    RiVER. 

The  canoe  route  from  the  Ekwan  river  to  Sutton  Mill  lakes  follows  a 
small  branch  from  the  north  to  the  first  small  lake  and  thence  west- 
ward, by  a  series  of  portages,  to  a  stream  flowing  north  to  the  lake, 
l^is  braacb,  colled  the  Wasbagami,  is  a  small  stream,  very  swift  in  its 
upper  part  and  having  a  steady  strong  current  all  the  way  down  to 
the  Ekwan.  Five  miles  from  this  stream  it  receives  a  tributary  from 
the  west,  called  the  Nematogoi  river,  which  appears  to  be  nearly  as 
large  as  the  north  branch  which  is  supposed  to  be  the  main  stream. 
Above  this  the  water  of  the  stream  is  clearer  and  comes  from  a 
series  of  lakes  above.  Several  tributary  brooks  enter  the  valley  but 
they  are  all  apparently  small.  In  the  upper  part,  the  stream  mean- 
ders from  side  to  side  of  a  valley  which  it  has  formed.  This  is 
cut  down  about  twenty-five  feet  and  numerous  exposures  show  strati- 
fied clay,  with  a  few  feet  at  the  top  of  a  sandy  clay  with  pebbles.  A 
few  boulders  in  the  bed  of  the  river  are  apparently  derived  from  bbe 
surface  or  upper  part  of  the  clay.  Probably  the  majority  are  from 
the  harder  clay  beneath,  down  to  which  the  channel  has  been  cut. 
Some  of  the  steeper  parts  of  the  channel,  where  the  current  is  also 


ib.  Google 


DOirUHO.  tTABHAOAMI   BIVBB  21    F 

swift,  are  completely  paved  from  side  to  aide  to  side  with  these  boulderSf 
DOW  considerably  rounded.  The  valley  in  the  lower  part  approaching 
the  Ekwan  is  wider  and  the  present  channel  of  the  river  seldom  reaches 
either  side. 

Iq  the  distance  traversed  to  the  first  lake,  seventeen  miles  in  direct  Fall  of  over 
line,  the  fall  is  abont  fifty-five  feet  or  an  average  of  over  two  feet  ,^e.**  ""^ 
per  mile  for  the  lower  third  of  this  distance,  and  this  is  increased  in 
the  upper  to  at  least  five  feet  per  mile  for  a  short  distance. 

On  reaching  the  first  lake  it  is  quite  noticeable  that  there  is  no 
longer  a  river  valley  such  as  in  the  lower  part,  but  the  lakes  occupy 
a  wider  depression  that  may  have  been  an  old  channel.  The  first  one 
is  Washagami  lake  and  it  is  succeeded  by  a  chain  of  three  closely  con- 
nected small  lakes  to  another  large  one  called  Minago  or  Spruce  lake. 
The  first  mentioned  is  said  to  be  the  largest  or  rather  longest  of  the 
group.  Beyond  Minago  lake  lie  Moss  and  Tamarack  lakes.  On  the 
north  side  of  the  latter,  high  hilla  ^f  black  rocks,  which  are  probably 
similar  to  the  trap  rocks  of  Sutton  Mill  lakes,  are  reported. 

This  series  of  lakes  appear  to  lie  in  a  valley  now  draining  south,  but 
it  seems  too'large  or  wide  to  have  been  formed  by  the  small  stream 
cow  draining  through  it.  The  present  stream  has  no  doubt  formed  a 
new  channel  to  the  south  of  the  lakes,  as  it  is  still  very  actively  widen* 
ing  the  bends  where  it  touches  each  side  of  its  owu  valley,  but  above 
this  there  ia  aa  older  valley.  The  origin  of  this,  as  well  as  of  the 
valley  of  Sutton  Mill  lakes  is  no  doubt  connected  with  the  early  sys- 
tem of  drainage,  now  probably  diverted  into  other  channels  by  the 
differential  uplift  of  the  coast. 

The  portage  route  from  the  Washagami  to  Sutton  Mill  lakes  is  pn_j--_       ^ 
munly  along  the  surface  of  the  higher  plateau  through  mossy  muskeg  fromthe 
interrupted  by  a  few  small  lakes  all  draining  eastward  to  the  little  to  Stit^'"* 
Ekwan  river.  Leaving  the  Washagami,  the  trail  runs  northward  nearly  ^'^  Mter. 
a  mile  through  muskeg,  rising  steadily  to  a  gravel  ridge  having  the 
appearance  of  a  beach  ridge.     This  is  followed  a  mile  to  the  north- 
east to  the  first  small  lake.    On  the  north  side  of  this  ridge  are  several 
small  lakes  which  all  drain  to  the  east  from  one  to  the  other.    At 
these  lakes  two  short  portages  are  made  and  then  tbe  second  long 
portage  is  reached.     This  is  abont  a  mile  and  a  quarter  long  through 
lumpy  mossy  muskeg  and  only  one  slight  rise  is  crossed  where  the 
ground  is  dry.    It  ends  at  a  small  lake  abont  500  yards  long  with  low 
margin.     From  tbe  north-east  end  of  this,  another  long  portage  of 
abont  the  same  length  nmning  east  north-east  reaches  the  western 
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edge  of  a  deep  v&Iley  running  north  to  Sutton  Mill  lakes.  This  cod- 
taina  &  sm&ll  stream  from  the  north-west  which  has  cat  a  deep  narrow 
gorge  through  the  boulder  clay.  This  stream  enters  the  valley  at 
Sntton  Mill  lakes  about  two  miles  south  of  the  lake  and  meanders 
back  and  forth  through  a  marsh  at  its  border.  The  stream  is  navig- 
able for  canoea  from  the  end  of  the  trail  or  for  that  part  of  its  course 
which  is  in  the  deeper  valley.  Several  small  rapids  over  gravel  bare 
are  passed  before  the  stream  reaches  the  marsh.  The  Indians  have 
erected  a  fishing  weir  at  one  of  the  upper  ones.  This  structure  is 
merely  a  cloee  fence  made  of  poles  standing  across  the  stream  having 
a  basket  at  one  side  also  of  polee  sloping  slightly  op  from  the  water  to 
imprison  the  fiah  as  they  are  going  down  stream.  Small  fish  pass 
readily  either  way,  bat  the  larger  ones  are  caught. 
Timber  in  ^^°  timber  in  the  valley  is  very  much  larger  than  on  the  surface  of 

vtMey  lugar.  the  plateau.  Black  spruce  and  tamarack  are  the  principal  trees,  and  on 
the  plateau  these  average  about  four  or  five  inches,  but  in  the  valley 
near  the  lake  several  about  twelve  inches  in  diameter  were  seen.  The 
surface  is  nearly  everywhere  covered  with  moss,  even  on  the  slopes  of 
the  valley,  and  only  in  occasional  places  was  ^raae  seen.  ^ 

SUTTOH  MILL  LAKES. 

Sution  Mill         These  are  represented  on  the  older  maps  by  two  fairly  large  wide 

Ikkea.  lakes  joined  by  a  short  small  stream,  whereas  the  lakes  are  long  and 

very  narrow,  occupying  a  deep  valley  running  north  and  south.     At 

the  south  end  another  valley  from  a  short  distance  to  the  west  makes 

a  bend  to  the  east  and  joins  the  main  one.     The  water  of  the  lake  is 

about  100  feet  below  the  level  of  the  bordering  country.     The  slopes 

of  the  valley  are  steep  and  in  many  places  show  cat-banks  of  marine 

clay,  probably  ovsrlying  boulder  clay.     Marine  shells  were  collected 

near  the  upper  surface  of  the  plateau  at  a  height  of  90  feet  above  the 

MuineBhelb  lake,  SO  that  practically  all  this  area  has  been  submerged  with  the 

^ceo"^"*^  exception  perhaps  of  a  ridge  of  trap^covered  rocks  which croesthelake 

placwn.  at  the  narrows.     Those   rocks   protrade   through  the  clay   plain   in 

rounded  oval  ridges. 

The  depth  of  the  valley  below  the  general  surface  seems  to  be  great- 
eat  in  the  southern  lake  where,  by  sounding,  the  water  was  foond  to  be 
210  feet  deep,  or  a  total  depth  for  the  valley  below  the  surface  of  310 
feet.  In  the  northern  part,  or  the  northern  lake,  the  width  is  much 
narrower,  but  the  depth  in  the  centre  runs  from  100  to  160  feet  or  250 
to  260  feet  below  the  general  surface.     In  the  narrows  the  cUSa  -wn 
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broken  down  and  the  debris  has  filled  the  ohannel,  rusing  the  wnteria 
the  Bouthera  l&ke  about  Bve  feet.  The  heavy  mantle  of  drift  has  RockBc<nioe«l- 
effectually  concealed  the  rock,  and  only  in  the  river  valleys  mad  in  anoh  ' 
a  cut  as  thifl  is  much  rock  to  be  seen.  The  limestone  of  the  £kwtui  river 
does  not  come  north  to  the  l&kes,  as  outliers  of  the  trap  hillsoccur  just 
to  the  south  of  the  lake  in  the  valley  into  which  the  trail  from  the 
Waehagatni  leads.  In  the  northern  lake,  past  the  trap  hills,  hmestone 
again  appears,  and  an  exposure  of  it  occurs  on  a  small  island  where 
there  ia  about  ten  feet  expoeed.  Below  the  water-level  the  cliff  is 
abrupt  to  a  depth  of  sixty  feet.  -  This  shows  th&t  probably  the  Silurian 
deposits  surround  the  Cambrian,  but  are  at  a  lower  leveL  The  valley, 
although  excavated  through  the  superficial  deposits,  found  as  its  lowest 
level  a  former  break  not  only  through  the  Cambrian  at  the  narrows 
but  also  a  deep  deft  in  the  limestone  beds  to  the  north.  In  the  valley 
which  runs  northward  from  the  lake,  the  timestone  beds  cross  the  pre- 
sent river  channel  at  a  greater  elevation  above  the  sea  than  the  out 
through  them  in  the  lake  valley. 

As  to  the  origin  of  the  vaUey  in  which  the  lake  lies,  it  seems  to  be  origin  of 
clearly  caused  by  the  action  of  a  stream,  which  in  some  manner  has  '"^y- 
since  been  diverted,  probably  to  Sow  eastward  to  James  bay. 

If  the  rising  of  the  land  was  inaugurated  in  the  southern  part  and 
gradually  proceeded  north  as  the  pressure  of  the  glacial  mass  was 
removed,  then  the  general  slope  northward  would  have  been  steeper 
in  front  of  the  elevated  portion  and  drainage  channels  would  follow  in 
this  direction  forming  valleys  trending  north.  After  the  elevation 
was  accomplished  or  the  land  assumed  ita  present  contour,  parts  of 
these  volleys  would  be  so  tilted  as  to  back  up  the  contained  streams 
and  cause  them  to  spill  down  the  present  slight  incline  to  the  east.  In  Diffarencea  in 
this  way  it  seems  probable  that  such  streams  as  the  Ekwan  and  Atta-  Jf^^'^^iey"" 
wapiskat,  which  make  a  decided  turn  to  the  east  from  a  point  south 
of  this  lake,  might  have  originally  run  northward  to  Hudson  bay.  In 
the  description  of  the  Ekwan  river  the  difference  in  age  of  the  upper 
and  lower  parts  of  the  valley  is  noted  and  also  the  supposition  that 
the  stream  left  its  present  valley  near  the  mouth  of  the  Little  Ekwan. 

The  great  depth  to  which  the  basin  is  eroded  may  be  due  to  other 
causes,  and  one  suggested  by  the  presenoe  of  faults  at  the  narrows  is 
that  the  changes  of  level  to  which  the  crust  has  been  subjected  caused 
a  great  fissure  to  open  along  the  tine  of  the  lake  valley  and  a  portion 
of  the  overlying  deposits  was  thus  allowed  to  drop  down.  If  however, 
this  was  the  chief  cause,  the  break  would  probably  be  traced  far  a 
greater  distance  than  the  length  of  the  present  lake  valley. 
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The  rock  exposarea  occnc  principfttl;  a.t  the  lutrrows,  or  Dear  the 
sm&ll  stream  connecting  the  tvo  lakes.  Approaching  this  from  the 
south,  the  clay  slopes  give  place  to  rocky  hills  rising  from  the  water,  in 
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Bteep  slopes  ftod  nearly  bare  aurfaces,  to  about  100  feet  abore  the  lake 
level.  Back  from  the  lake  ;  some  of  the  hills  seem  to  attain  still  higher 
elevations,  of  probably  over  200  feet.  The  sketoh-map  od  the  opposite 
page  shows  the  trsp-orowned  hills  of  this  rioinitj.  On  the  east  side  a 
series  of  fine-grained  compact  red  and  block  beds  is  exposed  ,  on  the 
west  the  exposures  are  of  trap  to  the  water's  edge.  The  fault, 
which  runs  north  and  sooth,  here  has  a  downthrow  to  the  west  of 
over  60  feet,  carry iog  all  the  stratified  lower  rocks  beneath  the  lake 
level.  The  only  sections  of  these  beds  to  be  seen  are  on  the  east  side, 
principally  in  the  vicinity  of  the  portage.  Just  at  this  place  a  small 
cap  of  trap  stands  near  the  gorge  and  behind  it,  to  the  east,  is  a  narrow 
valley  net  eroded  as  deeply  as  the  cut  at  the  stream,  but  only  to  the 
apper  beds  of  the  sandstone  and  slate.  Through  this  valley  the  road 
for  the  poitage  passes,  rising  to  about  fifty  feet  between  its  extremities. 

The  highest  point  that  the  trail  reaches  is  over  a  ledge  of  iron-bearing  iron-beftriDK 
slates,  above  which  on  either  hand  rise  the  rough  hills  of  trap.  As  the  *'*'^- 
slates  are  nearly  horizontal,  the  total  thickness  exposed  on  the  portage 
road,  together  with  that  brought  up  by  a  slight*  anticline  just  to  the 
south,  represents  all  that  was  seen  of  these  rocks.  Korthward  the 
beds  decline  at  a  slight  angle,  so  that  they  reach  the  water  and  are 
brought  up  again  for  a  short  distance  at  the  second  narrows,  or  the 
point  marked  A  on  the  sketch.  Here  the  fault  runs  to  the  west  of 
the  projecting  point  so  that  the  same  beds  appear  on  both  sides  of  the 
channel,  but  the  western  point  is  separated  from  the  rocks  to  the  west- 
ward by  an  accumulation  of  drift  material  forming  a  low  spit  with 
sandy  bays  on  either  side.  The  deep  channel  is  eroded  through  the 
sandstones,  to  a  depth  of  140  feet.  The  section  published  in  the  sum- 
mary report  is  that  of  the  rocks  to  the  south  of  the  portage  road.  The  Jupjiyu^. 
jaspilytee  when  examined  in  thin  section  are  found  to  be  compacted 
sandstones,  the  grains  of  which  are  stained  to  various  shades  of  red  by 
the  presence  of  iron  oxide,  which  forme  in  many  cases  a  coating  around 
them  All  the  beds  are  made  np  of  fragments  of  various  degrees  of 
fineness  arranged  in  a  natural  order,  the  coarser  at  the  base  and  the 
finer  at  the  top.  The  slaty  beds  just  beneath  the  trap  are  made  up  of 
much  finer  grained  particles  of  quartz,  coloured  dark  by  a  matrix  of 
opaque  fine-grained  material  separating  the  grains.  Some  at  least  of 
tins  mass  is  probably  magnetite.  The  quartz  grains  constitute  50  per 
cent  of  the  mass,  and  of  this  about  half  are  of  red  chalcedonic  quartz 
and  the  other  part  clear  grains  mode  np  of  a  mass  of  mosaic  quartz. 
The  red  beds  beneath  are  of  much  coarser  grain,  and  are  seen,  even  in 
a  hand  specimen,  h>  be  made  np  of  rounded  particles  of  red  colours. 
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At  point  A  thti  dark  slfttes  have  a  thickness  of  20  feet,  and  below 
this  the  red  beds  begin  to  appear  in  tbiu  streaks.    The  partings  of  the 
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&a»^niaed  dark  elates  become  thinner  and  the  lower  beds  become  red 
in  colour. 

At  the  portage  the  aoction  consists  of  Diaety  feet  of  stratified  beds 
capped  by  a  varying  thicknesa  of  trap.  On  the  west  side  of  the  stream 
there  is  a  thickness  of  about  160  feet.  This  is  a  dark  green  gabbro 
with  a  diabase  structure.  The  predominating  mineral  is  chlorite,  with 
plagioclaee,  albite  and  quartz.  Small  dark  almost  opaque  crystals  of 
iltneoite  surrounded  by  limestone,  are  occasionally  seen.  The  elates 
beneath,  to  a  thickness  of  20  feet,  are  dark  grayish  black  to  greenish 
black  and  are  thin-bedded  and  of  fine  grain. 

Near  the  base  they  resemble  clay  slates  but  are  very  hard  and  brit-  An  an*l;aiB 
tie,  being  cemented  by  the  magnetite.  An  analysis  of  a  specimen  from  °^^  uetit  me- 
this  bed,  furnished  by  Dr.  Hofimann,Kires  metallic  iron  33 -40  per  cent,  tallicirun. 
siliceous  insoluble  residue  48-49  per  cent.  The  percentage  of  quartz 
increases  downward  in  the  section,  and  thin  layers  found  at  eighteen 
feet  from  the  top  are  nearly  all  quartz.  Some  of  the  red  beds  near 
the  top  are  somewhat  crystalline  in  appearance,  but  on  a  polished  sur- 
face the  rounded  grains  are  quite  apparent.  At  27  feet  below  the  top, 
Che  rook  consists  is  of  a  bright  red,  close  grained  jaspilyte,  which  in 
thin  section  shows  well  rounded  grains  of  a  bright  red  material,  in  all 
probability  an  eruptive,  which  was  broken  to  a  sand  and  cemented  by 
quartz  forming  hard  quartdte.  The  cementing  quartz  is  in  a  fine  moeaic 
and  some  of  the  red  grains  show  minute  cracks  and  sometimes  a  net- 
work of  fissures  which  are  filled  by  the  same  mosaic.  In  a  few  of  the 
grains  that  have  less  of  the  colouring  matter,  the  material  is  a  reddish 
cbalcedonic  quartz  with  a  dark  red  staining  around  the  margin.  At 
about  30  feet  down  in  the  section,  the  red  sandstones  alternate  with 
dark  rusty- weathering  coarse  slates.  At  35  feet,  the  dark  semi-crya- 
tallinebeds  are  composed  mainly  of  small  particles  of  quartz  and  mague 
tite.  The  percentage  of  magnetite,  as  determined  by  Dr.  Hoffmann,  is  PercentuDof 
very  high  —the  metallic  iroo  cootenl  being  68-62,  the  insoluble  residue  munetite 
4-21  with  no  trace  of  titanic  acid.  This  would  make  a  very  good  ore 
but  it  appears  to  be  in  very  thin  beds  alternating  with  the  sandstones. 
As  all  these  ores  bare  a  very  high  percentage  of  silica,  owing  to  the 
bands  of  sandstone,  a  reduction  of  this  constituent  might  be  had  by 
selection  or  some  mechanical  process.  From  many  of  the  beds  between 
40  and  50  feet  in  the  section,  thin  members  are  found  to  be  nearly 
pare  magnetite,  while  the  thicker  beds  are  of  the  dark  red  sandstone 
containing  less  of  the  iron  ore.  A  talus  covers  the  section  from  50  to 
70  feet.  Dark  hard  beds  with  narrow  partings  of  slates  similar  to  the 
top  beds  are  found  down  to  80  feet.     The  lowest  beds,  or  down  to  90 
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feet,  are  very  dark  red  snodttonea  of  the  same  chnrKcter  m  those  above, 
but  the  outside  of  the  ^r&iaa  and  in  manj  cases  the  whole  individual 
is  composed  of  the  iron  ore.  An  analysis  of  a  apecimmi  from  the 
lowest  bed  exposed  shows  less  iron  than  in  the  slates  at  the  top  ;  besides 
ADftlyaJB  of  ^^^  lower  membera  of  this  section  are  very  hard.  This  rock  contained 
■prcimtrnfrom  jQetalUc  iron  27'72  percent ;  insoluble  siliceous  residue  61*12  per  cent. 
These  samples  are  not  specially  rich  in  iron,  but  serve  to  show  that 
tbe  whole  maas  of  this  bill  contains  a  large  amount  of  low  grade  ore. 
The  three  samples  analyzed  are  from  the  top,  middle  and  bottom  of 
the  section. 

On  the  small  island  in  the  northern  lake  a  cliff  of  limestone  was 
found.  The  beds  exposed  are  somewhat  similar  to  those  seen  on  the 
Ekwan  at  the  upper  rapids  In  this  cliff  there  seems  to  be  a  gna.1 
mass  of  bioken  fragments  of  corals  and  shells,  mixed  with  what 
appears  to  be  limestone  fragments,  the  whole  forming  an  agglome- 
rate. The  colour  is  an  ashy  gray.  Beneath  the  water  the  beds  are 
yellowish  and  of  a  finer  grain.  A  few  badly  preserved  fossile  were 
collected,  but  among  these  Dr.  Wbiteaves  has  recognized  or  described 
tbe  following  species  :  Zapkrentis  Slolceiii  ;  Favo»it»»  ffitingeri;  Plus- 
nopora  Keeicatinen$ii ;  Strophtodonta  sp.  indet. ;  Calymene  Niaga- 
rerttit  (I);  Encrinurus  sp.  indet.  Limestone  fragments  are  numerous 
along  the  shores  to  the  south  of  this,  to  within  four  miles  of  the 
narrows,  and  are  derived  no  doubt  from  the  beds  beneath  the  water. 

Timber.  "^^  ^^  southern  lake,  limestone  pebbles  are  also  numerous,  but 

they  are  mixed  with  fragments  of  other  rooks  and  are  derived 
from  the  boulder-olay  of  the  banks,  while  marine  shells  from  the 
upper  marine  clay  are  also  mixed  with  them.  The  timber  seen 
along  this  lake  is  mostly  spruce  and  tamarack.  The  heaviest  growth 
is  in  the  valley  at  the  southern  end  of  the  lake,  and  along  tbe 
small  streams  draining  into  it  from  the  west.  In  going  up  the  lake, 
the  timber  gradually  becomes  smaller,  though  at  the  portage  between 
tbe  two  lakes,  there  is  a  fair  grove  of  spruce,  aud  a  few  poplara 
form  a  fringe  along  the  soatbern  slope  and  on  the  lower  ground 
south  of  the  narrows.  In  the  northern  part  there  is  one  grove  of 
poplar  OD  the  western  side,  four  miles  north  of  the  narrows, 
growing  on  a  ridge  which  seems  to  he  made  up  of  lime-stone 
fragments  and  therefore  well  drained.  This  groye  is  quite  park- 
like, it  being  carpeted  by  grass  instead  of  the  almost  universal 
moss  which  seems  to  cover  the  whole  country.  The  spruce  is 
mainly  tbe  block  species  {Picjn  nigra)  and  scarcely  any  trees  of  tbe 
white  spruce  are  seen.     Of  the  poplar,  both  species  are  found  on  the 
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"Ekwtin,  bot  oa  the  Iftke  Populua  Inmuloidet  seems  to  r&nge  farthest 
north.  Neu-  the  north  end  of  the  lake  the  spruce  trees  become  not 
only  smftU,  bnt  ue  separated  from  oae  another  b;  moesy  openings, 
as  if  they  had  been  set  oat  artificially.  Alon^  the  top  of  the  bank  the 
tring^  of  trees  is  thin  and  at  the  outlet,  Trout  river,  a  patch  of 
bnmt  coantry  will  in  a  few  years  be  bare. 

The  country  seems  to  be  nearly  devoid  of  game,  but  the  waters  of  Brook  and 
the  lake  are  well  stocked  with  a  slender  kind  of  lake  trout,  and  pientifuL 
in  the  stream  draining  north  and  at  the  narrows,  brook  trout  were 
found  in  large  numbers  up  id  three  pounds  in  weight  Along  the 
shores  marine  shells  from  the  clays  of  the  sideii  of  tbe  valley  are  tound 
along  with  those  of  fresh  water  species  now  existing.  These  latter 
embrace  the  following: — Yalvata  Iriearinala,  Say;  V.  nncera,  Say; 
Planorbia  parvus.  Say ;  Limiuga  etagnalis,  L. ;  L.  paluatria,  MuUer ; 
and  L.  catascopium.  Say ;  as  determined  by  Dr.  Whiteaves. 

COAST   OF  JAMBB   BAT  FROM    BKnAN   BIVBB  KORTHWARD. 

In  the  bay  into  which  tbe  river  empties  there  are  Kiany  bars,  bat  Ban  m  mouth 
the  main  channel  leads  straight  out  to  sea  for  a  short  distaoce  and  is  '^y^'"^ 
then  diverted  north  and  south  by  a  long  bar  which  shoals  at  half  tide. 
This  bar  is  about  three  miles  from  low  tide  mark.  There  are  two  or 
three  branch  channels  just  at  the  mouth,  through  the  gravel  and  mud 
delta,  bat  these  are  used  only  when  the  tide  is  in.  Along  the  shore 
to  the  point  about  five  miles  north  of  the  river  the  general  slope  of  the 
shore  is  fairly  steep,  that  is,  the  mud  flate  do  not  extend  out  very  far. 
The  resident  Indians  call  this  point "  Niahkow  "  (the  sandy  point),  but 
it  seems  to  be  made  up  principally  of  mad  and  boulders  with  a  sandy 
beaoh  ridge  at  high  tide.  The  boulder  bar  stretches  out  far  to  the 
east  at  low  water.  We  saw  it  only  at  half  tide  and  then  had  to  make 
a  long  detour  around  it  with  the  canoes.  Several  small  brooks  break 
through  the  ridge  to  the  bay,  and  tent  poles  at  these  places  indicate 
their  occasional  use  as  halting  places  or  oamps. 

The  timber  line  is  here  near  the  shore  but  runs  at  sojne  distance  Timber  line 
back  of  the  point  from  Niahkow  northward  ;  for  about  ten  miles  the  "»"«'»  "bore. 
shore  is  fairly  straight  but  shallow,  with  few  boulders  on  the  mud  Sate. 
The  beach  ridge  is  separated  from  the  timbered  land  behind  by  a  nar- 
row strip  of  mud,  which  in  some  places  is  covered  by  grass  and  a  few 
small  willows.  A  high  gravel  bar  lying  about  a  mUe  off  shore  marks 
the  mouth  of  a  small  stream,  which  is  an  outflow  from  the  Ekwan 
river.    The  stream  is  small  and  flows  in  a  shallow  sheet  over  the  mud 
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flats,  SO  that  it  caonot  be  eatered  even  by  (»noes  except  at  high  tide. 
Here  the  higher  beach  ridge  is  near  the  timber  tine  and  a  mud  flat  ex- 
tends oat  300  yards  to  a  secoad  gravel  ridge  which  has  been  lormed 
in  front  by  the  high  tides  A  lower  ridge  is  now  being  formed  in 
advance  of  this  again,  but  it  is  covered  by  the  highest  tide.  When 
the  tide  is  out,  it  dries  or  uncovers  to  beyond  the  high  gravel  bar  oppo- 
Bit«,  or  to  the  north  of  the  month  of  the  river.  The  evening  we  ar- 
rived at  this  place,  the  Indians  who  were  camfted  there  pointed  ont  to 
us  a  whit«  object  on  the  bar  »nd  by  examination  with  the  glass  it 
proved  to  be  a  wandering  white  bear  which  had  come  ashore  on  a 
piece  of  ice.  Our  friends  were  rather  nervous  over  the  matter,  but  the 
animal  had  disappeared  by  morning,  and  the  only  other  traces  of  this 
species  were  some  tracks  that  were  seen  along  the  shore  farther  to  the 

Northward  from  this  brook  there  is  a  slight  bend  in  the  coast  to  the 
west  to  form  a  shallow  bay  and  at  about  ten  miles  from  the  brook  a 
fair  sized  stream  called  locally  Wabisbew  Sipi  (Swan  river)  enters 
the  bay.  The  shore  of  this  bay  is  flanked  in  many  places  by  sand  rid- 
ges, but  as  we  passed  at  low  tide  we  saw  only  part  of  the  shore,  and 
the  moutb  of  the  river  being  at  a  distance  was  hard  to  make  out.  As 
the  shore  here  is  backed  by  a  uniform  line  of  small  spruce  trees,  varied 
occasionally  by  higher  bunches  or  groups,  a  grove  of  poplar  which 
shows  on  the  left  bank  of  the  stream  when  opposite,  is  about  the  only 
indication  of  the  presence  here  of  a  river.  Northward  from  this 
stream  tbft  shore  bends  ilightty  to  the  east  ^^n,  and  a  point  sixteen 
miles  north  of  the  river  is  in  the  same  longitude  as  the  mouth  of  the 
brook  which  comes  from  the  Ekwan  river.  At  eight  miles  from  Raft 
river,  gravel  bars  that  form  small  islands  at  half  tide,  run  out  from 
the  shore  to  the  southeast,  and  behind  these  the  shore  ridge  for  a  short 
distance  is  wanting,  and  the  mud  slopes  up  gradually  to  a  grassy  flat. 
The  tree  line  of  small  spruce  follows  the  shore  pretty  closely  for  about 
fifteen  miles  north,  but  it  then  leaves  the  beach  and  turns  to  the  north 

The  points  are  merely  high  gravel  ridges,  which  are  formed  parallel 
to  the  shore  in  an  irregular  order.  The  intervals  between  are  con- 
nected by  lower  ridges  formings  loops.  Another  series  is  also  found  in 
a  few  places  near  the  tree-line  belonging  to  an  earlier  set.  Small 
streams  are  found  running  out  by  the  gaps  in  the  shore  ridges  and  afford 
camping  places  between  the  months  of  the  larger  streams.  At  thirty 
miles  north  of  the  Raft  river  two  high  sand  bars  or  small  islands  are 
again  seen  near  the  shore. 
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They  are  situated  inside  the  tide-line  and  at  low  tide  are  not  reached 
by  the  sea.  Opposite,  on  the  mainland,  a  narrow  fringe  of  trees  forms 
a  point  behind  which  the  tree-line  bears  off  toward  the  northwest. 
This  may  be  the  "  Point  Mourning  "  referred  to  by  Capt.  Co&ta,  ae 
being  so  named  from  the  burying  of  one  of  CapL  James'  men  there. 
James'  account  does  not  mention  this  occurrence,  and  he  appears  to 
have  landed  on  this  coast  only  at  Cape  Henrietta  Maria. 

Sailing  along  in  a  oanoe,  the  shore-line  seems  very  far  away,  but  gulls,  ^„(j  ^at, 
yellow-legs  and  other  small  birds  were  perched  along  on  the  ®dge  [^'M.'i'*] 
of  the  mud  and  were  the  principal  guide  to  the  direction  of  the  shore-  to  det«nuine. 
line,  as  the  mud  flats  look  like  smooth  water,  since  there  is  always  so 
much  water  draining  down  the  slope. 

Several  large  boulders  appear  at  low  tide  at  this  point,  and  there  are 
also  two  high  gravel  bars  opposite  the  end  of  the  trees.  From  Point 
Mourning  northward,  the  shore  turns  about  northwest  as  far  as  the 
Opinnagow  river,  and  the  beachee  seen  at  high  tide  disappear  and  the 
slope  of  the  shore  becomes  much  flatter.  Long  shallow  ridgee  of  clay 
mn  out  to  the  northeast,  just  after  passing  Point  Mourning,  and  on 
these  ore  scattered  many  boulders.  The  larger  ones  are  frequently 
near  the  shore,  but  they  do  not  seem  to  indicate  having  been  shoved  in 
any  direction  by  the  ice,  as  ia  so  often  shown  on  the  shores  of  such 
shallow  lakes  as  Lake  Winnipegoeis.  The  shore  slopes  upward  very 
gradually,  and  is  of  mud  to  the  highest  point. 

At  the  margin  of  the  ordinary  tides  a  thick  wiry  grass  covers  the 
surface,  and  is  succeeded  by  a  small  scrubby  willow  which  extends 
back  to  the  timbered  country.  Several  brooks  and  small  rivers  enter  the 
bay  jnst  to  the  northwest  of  Pcont  Mourning.  A  stream  called 
Nowaahe  river,  at  eight  miles  from  the  point,  cuts  a  wide  but  shallow 
channel  through  the  mud,  but  it  is  not  deep  enough  to  ent«r  exoept  at 
high  tide  and  is  probably  an  overflow  channel  from  the  Fatchipawapoko, 
the  next  stream  which  cornea  in  at  about  eleven  miles  from  the  point. 
The  month  at  low  tide  is  wide^  but  very  shallow  and  dotted  with  boul- 
ders. The  sand  bars  which  have  formed  the  beach,  end  before 
reaching  this  stream,  and  are  succeeded  by  mud  shores.  These  extend 
along  for  six  miles  between  the  last  stream  and  the  Opinnagow  river,  opJoQuow 
which  is  the  largest  along  this  part  of  the  coast.  The  channel  lead-  i^ver. 
ing  to  this  river  is  deeper  at  tow  tide  than  any  of  the  others.  Instead 
of  a  broad  shallow  bar  at  the  mouth,  the  river  ia  divided  into  two 
channels  by  a  grassy  island  near  the  sea.  That  to  the  south  is  pro- 
bably the  larger,  but  is  impeded  by  boulders.  At  low  tide  there  is  a 
shallow  part  near  the' line  of  high  tide  where  the  greatest  t 
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IfttioDof  the  bonldera  is  foand,  but  below  this  and  out  to  low  tide  the 
bontden  are  less  frequeot.  At  low  tide  the  entrance  to  this  channel 
is  two  or  three  feet  deep,  so  that  a  smalt  boat  oonld  get  in  and  come 
up  the  river  as  the  tide  deepened  the  channel.  The  main  difficulty 
would  be  in  finding  the  rirer  at  alt,  as  there  is  so  little  to  mark  ite 
position — the  tree  line  being  so  far  from  the  shore. 

Along  this  part  of  the  coast  there  are  no  bars  visible  at  any  dis- 
tance from  the  land,  as  is  the  case  along  that  part  near  the  month  of 
the  Ekwan. 

Navigation  Although  the  coast  is  very  flat  the  navigation  for  small  boate  does 

not  difficult     not  offer  any  great  difficulties  except  from  the  want  of  harboura    Onr 

for^amall        ^^^  thoQght  that  a  Small  sailboat  could  be  taken  into  the  mouths  of 

Raft  and  Opinnagow  rivers,  and  that  as  the  shore  was  fairly  free  from 

boulders,  the    boat   could  if  necessary  be  run  ashore  without  damage 

at  high  tide  ani  left  in  the  mud. 

The  great  objection  to  this  method  of  finding  harbour  is  in  tbe  fact 
that  the  tide  does  not  maintain  an  even  flow  or  ebb,  being  influenced 
to  a  very  large  extent  by  the  direction  and  force  of  the  wind.  The 
ordinary  flow  of  the  tide  may  be  assumed  to  be  about  six  feet,  bat  a 
heavy  north  wind  may  nuse  it  to  over  twelve  and  a  south  wind  will 
lessen  the  flow,  though  not  to  such  a  large  aotount. 

Gboloqy. 

The  formations  observed  in  the  district  consist  of  (1)  the  Cambrian 
rocks  of  SuttOD  Mill  lakes ;  (2)  the  Silurian  limestone  bordering  the 
west  shore  of  James  bay  and  the  south  shore  of  Hudson  bay  j  and 
(3)  the  clays  which  form  the  general  covering  over  nearly  ail  the 
country  left  by  the  ancient  glacier  and  the  retreating  ocean. 


Rocknnf  Clin-      The  rocks  which  are  probably  of  this  age  are  closely  allied  to  those 

^"»X        previously  described  by  Dr.  R.  Bell  and  afterwards  by  Mr.  A.  P.  Low  on 

thow  on  nut    thn  east  coast  of  H  udnon  bay  and  in  the  narrow  belt  of  islands  parallel 

Hudaon  bmj.    to  that  shore — the  Manitounuck,  Nastapoka  and  Hopewell  islands,  and 

the  narrow  strip  along  the  coast  in  the  neighborhood  of  Manitounuok 

sound  and  at  Richmond  gulf.  These  were  described  by  Dr.  Bell  is  the 

report  for  1677-7S  pp.  11-19  o  and  called  the  "  Maintounuck  Group," 

and  their  similarity  to  the  rocks  of  the  Lake  Nipigon  region  was 

pointed  out. 
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Gap  in  Trap  Uill<  aC  Nar 
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The  Mction  there  recorded,  ia  in  a  general  w^y,  m&de  up  of  quarts 
conglomerates,  quartzites  and  sandstones.     Associated  with  and  over- 


ll 
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Ijing  them  ia  a  series  ot  cherts  and  shalee,  mostly  dark  colored.  Over- 
lying these  beds  is  a  heavy  trap  overflow  and  the  total  thickness  of 
the  series  is  placed  at  about  2,600  feet.  This  great  thickoess  is  not 
found  *  on  the  west  side  of  the  bay,  however,  but  the  upper  put  is 
probably  there  represented.  The  lower  part  is  no  doubt  oonoealed 
by  the  Silurian  limestones  which  are  deposited  along  the  margin^ 
flanking  it,  not  only  along  the  Hudson  bay  side,  but  also  to  the  south  in 
the  valley  of  the  Ekwan  river.  The  thickness  of  the  marine  clays  and 
till  which  surround  this  rocky  ridge,  also  conceals  the  underlying  rock. 
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«iid  it  it  only  in  snoh  fta  eronon  valley  m  thftt  of  the  Uke  abore  re- 
ferred t(\  that  expoearee  of  the  bedi  beneath  the  trap  oan  be  eeen. 

In  the  Tioinity  of  Sutton  Uill  lakes  the  seriee  is  nearly  horizontal, 
inclining  slightly  to  the  north  toward  the  bann  of  Hndeon  bay  and 
•a  exposed  consists  of  a  thickness  of  90  feet  of  sandstone  and  elatee,  ' 
capped  by  an  extnuive  trap  showing  a  thickness  of  160  feet.  The 
SanditoiiM  s&ndatonee  and  slates  here,  as  well  as  on  the  Labrador  peninsula,  are 
rawnatod  ""  impregnated  with  iron  oxides  chiefly  in  the  form  of  magcetite  and 
wiS  irtai  hematite.  The  sandstones  exposed  are  composed  of  rounded  and 
flattened  grains  of  a  reddish  cbalcedoaic  qnartz  surrounded  by  a  slight 
deposit  of  the  iron  ore,  and  the  interspaces  are  filled  by  a  fine  mosaic  of 
quartz.  In  the  darker  coloured  rock  the  grains  are  surrounded,  and  ia 
parts  replaced,  by  magnetite,  while  the  interstitial  quartz  is  less  in 
amount.  The  appearance  of  the  beds  is  that  of  a  banded  jasper,  con- 
eisting  of  red  beds  separated  by  numerous  narrow  seams  of  a  dark 
slate.  On  smooth  sur^toes  the  individual  grains  of  the  sandstone  are 
■distinctly  shown.  The  slates  which  occupy  the  upper  part  of  the 
section  are  mnde  up  of  minute  fragments  of  quartz,  both  red  and 
■colourless,  forming  60  per  cent  of  the  mass,  while  the  remainder  is 
made  up  of  a  series  of  opaque  particles  which,  from  the  result  of  an 
analysis  of  the  rock,  is  probably  largely  magnetite. 

Boekt  rimilM  These  rocks,  when  compared  with  those  from  the  Animikie  of  Tbun- 
^tjj  A"""'-  der  bay,'presont  many  features  in  common.  Their  description  as  given 
derbay.  by  Mr.  E.  D.  Ingall  (Annual  Report,  Oeo.  Surv.  Can.,  vol.  III.  p.  61 

H.)  shows  that  the  general  character  is  very  much  the  same,  but  in 
the  Sutton  Mill  lakes  rocks  the  calcareous  and  dolomitic  portions  are 
wanting  or  have  been  replaced.  The  only  mineral  of  economic  impor- 
tance observed  in  this  series  is  iron.  Magnetic  ores  of  this  metal  are 
freely  distributed  throughout  the  whole  of  the  section  of  the  stratified 
eeries,  but  the  fact  that  these  ores  are  not  generally  concentrated 
in  thick  enough  beds  would  count  agaiust  Ibeir  practical  value. 
Closer  examination  might  show  that  the  richer  parts  of  the  section 
could  be  profitably  worked.  A  few  specimens  from  the  exposure  were 
brought  in  to  the  laboratory,  and  analyses  of  three  were  made.  These 
are  from  the  upper  part  of  the  section,  the  centre,  and  the  lowest  bed. 
The  analyses  of  the  three  samples,  as  furnished  by  Dr.  Q.  C.  HoBmaoD, 
Mv  given  below  : — 

From  the  upper  bed — 

Metallic  iron 33  -  40  per  oent. 

Insoluble  siliceous  reridue 4849       " 

Titanic  acid none 


ib.  Google 


DOWUM-  CAHBBIAK  S9  V 

From  oo&tre  of  the  atwtioD — 

MetaUiciron 6662  per  cent.  B 

Inaolttble  siliceous  residae 4  ■  21       " 

Titanic  acid ...  none 

From  lowest  bed  exposed — 

Metallic  iron   27-72  per  cent 

Insoluble  siliceous  residue 61 '13      " 

Titanic  acid none 

The  upper  and  lower  beds  represent  the  general  mass  of  the  sand- 
atone  and  slate,  the  first  being  the  alate  of  the  beds  just  below  the 
trap  and  not  picked  oat  as  being  an  iron  ore,  while  the  specimen  from 
the  base  of  the  section  was  of  the  dark  red  sandstone  or  jaspilyte,  which 
showed  streaks  in  which  the  magnetite  made  up  a  Urge  percentage.  The 
apeoimen  from  the  centre  of  the  section  repieeents  one  of  many  of  the 
richer  beds  in  which  nearly  all  the  silica  has  been  replaced  by  magne. 
tite.  There  is  a  probability  that  thick  enough  beds  of  this  ore  could 
be  found  for  profitable  working,  but  their  remoteness  from  the  sea  on, 
any  near  line  of  railway  would  render  their  present  value  in  any  case 
▼ery  doubtful 


The  Talleys  of  all  the  stream?  entering  the  western  side  of  ^i^g  j^u  ^j 
James  bay  are  cut  down  through  the  drift  deposits  to  a  flat-lying  limesione. 
limestone,  which  forms  a  wide  belt  around  the  west  shore  of  the  bay 
and  along  the  southern  shore  of  Hudson  bay.  On  the  Albany  river  the 
upper  part  of  the  series  is  proved  to  be  of  Devonian  age,  and  beneath, 
at  a  greater  distance  from  sea,  Silurian  limestones  are  exp^ed.  These 
beds  probably  overlap  aoy  older  oues  that  may  be  beneath,  and  rest 
directly  on  the  Archfean. 

On  the  Attawapiskat  river  Dr.  Bell  recognize  I  the  Silurian  in  the  Rocks  proved 
apper  reaches  of  that  stream,  bub  a  small  series  of  fossils  collected  farther  silurian.^^ 
down,  near  the  bay,  seemed  to  present  a  Devonian  facies,  and  the  rocks 
of  this  age  were  then  supposed  to  extend  northward  to  this  river.  The 
oolloction  of  fossils  from  the  portage  on  the  Ekwan  river  was  ae  com. 
plete  as  we  could  make  it  in  view  of  this  fact  Many  of  the  species 
formerly  collected  both  from  the  Attawapiskat  and  the  Severn  rivers 
were  of  forms  apparently  new  to  science  or  andescribed,  so  that  their 
value  as  horizon  mar':{erB  was  not  very  great.  My  collection  embraced 
many  more  species  and  some  in  a  good  state  of  preservation,  so  that 
Dr.  Whiteaves  had  no  difficulty  in  deciding  at  once  that  they  were  not 
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DevoDiae  but  Siluriui  and  tlut  the  specie!)  brought  from  the  Attowa- 

piskat  river  were  id  a  great  measure  duplicated  io  this  collection. 

^"'Q'l'an  It  seems  therefore  certain  that  the  Devonian  rocks  are  confioed  to 

to  southern      the  Southern  part  of  Jamei  ba;  and  the  adjacent  country,  extending  a 

wt  ot  J»ines  g(,(,^j  distance  north  of  the  Albany  river.     On  the  Severn  river  Mr. 

Low  collected  fossils  which  appear  to  be  of  Silurian  age. 

The  section  of  the  Ekwan  appears  to  be  nearly  horizontal,  or  the 
beds  exposed  in  ascending  the  stream  seem  to  be  in  an  ascending 
series.  The  first  appearance  of  the  underlying  rocks  noted  in  ascend- 
ing the  stream  is  a  colouration  in  the  boulder  clay,  probably  from  a 
red  shale  in  the  bed  of  the  river  Exposures  of  this  were  not  seen,  but 
higher  up  at  the  first  heavy  rapid,  limestone  of  a  gray  to  whitish 
colour  in  lumpy  beds  outcrops  both  below  and  at  the  rapid.  The  beds 
are  very  hard  nod  dolomitic  and  contain  very  few  fossils.  At  the  next 
rapid  the  beds  are  yellowish  and  appear  in  thinner  layers  and  of  finer 
grain.  The  thickness  exposed  at  both  these  rapids  does  not  appear 
to  be  of  any  great  amount,  probably  not  over  20  feet. 

The  exposure  at  the  portage  is  of  a  very  irregularly  bedded  lime- 
stone, owing  to  the  presence  of  large  masses  of  porous  or  coralliiM 
formation,  which  has  formed  a  very  irregular  surface  for  the  sncoeed- 
ing  layer  which  in  consequence  seems  contorted.  Below  the  coralline 
masa  the  beds  are  thin  and  of  fine  textnre.  The  general  oolour  is  a 
grayish  white  aud  the  rook  is  hard,  tough  and  massive,  and  con- 
tains a  greater  variety  of  foesils  than  at  any  of  the  other  expo- 
sures. Lists  of  the  species  found  at  these  several  rapids  are  given 
in  the  general  descriptions  for  the  localities.  All  the  exposnrea 
at  the  rapids  above  this  have  a  very  similar  appearance,  except  that  ia 
the  exposures  near  the  last  rapid  of  this  series  the  lower  beds  ue  frag- 
ments!, or  break  with  a  lumpy  surface  and  are  ash  gray  in  oolonr. 
Above  these  are  yellow  beds,  in  which  there  are  numerous  irregular 
cavities.  The  ashy  coloured  beds  bear  a  very  strong  resemblanoe  to 
the  Devonian  rocks  of  the  south  shorn  of  Lake  Winnipegoeis,  bat  do 
not  bold  different  fossils  from  those  at  the  portage  on  this  river. 
The  yellow  beds  which  are  full  of  cavities  are  similar  to  rocks  <^ 
.Silurian  age  on  Cedar  lake  in  the  Saskatchewan  district. 

Other  expoenres  of  these  beds  occur  to  the  north  of  the  Cambriaa 
rocks  of  Sutton  Mill  lakes,  and  are  found  very  near  them  so  that  the 
continuity  of  the  series  around  this  mass  both  by  the  south  to  the 
Severn  rivtr  and  to  the  east  by  the  coast  is  almost  certain.  On  the 
e  end  of  the  eastern  point  at  Cape  Henrietta  Maria,  our  Indian 
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guide  described  exposures  of  what  seemed  undoubttfdly  to  be  limegtone 
of  about  the  same  characberistica  as  thst  oa  the  Ekwao  river. 


POST  TSBTIART. 

On  all  the  rock  exposures  ia  the  couatiy  adjacent  to  the  Ekwao  aiaoul  rtriae 
river,  where  the  exposed  surfaces  have  not  been  subjected  to  denuding  reoorded. 
agencies,  glacial  strite  hare  been  recorded  shoving  a  movement  of  the 
ice  mass  toward  the  southwent.  Onl^  one  exposure  on  the  Ekwaa 
showed  such  a  striated  surface,  and  this  gave  8.  40°  W.  All  or  uearlv 
all  the  surfaces  exposed  in  the  valley  were  eroded  bj  river  action  and 
the  scouring  effect  of  ice  in  the  spring^floods,  so  that  the  origin^ 
glacial  striae  were  obtit«rated.  The  till  left  hy  this  ancient  glacier  ia 
deposited  in  an  even  mantle  over  the  surface  and  contains  a  few 
boulders,  but  the  fragmental  portions  of  the  mass  are  of  small  size 
Thedepressionof  the  earth's  surface,  owing  tothe  weight  of  theice  sheet, 
is  shown  by  the  presence  of  marine  clays  on  the  surface  <A  the  boulder 
cl  ly,  and  as  these  are  of  nearly  the^  same  composition  as  the  clays 
beneath,  the  liae  of  demarcation  is  hard  to  define.  The  marine  clays 
extend  up  the  Ekwan  river  to  past  the  mouth  of  the  Washagami  and 
northward  to  and  surrounding  the  ridge  of  trap  which  protrudes 
tiirough  the  plain  at  Sutton  Uill  lakes.  The  extreme  limit  of  submer-  Limit  of 
genoe  in  the  district  to  the  south  is  given  by  Dr  Bell  as  500  feet.  '^ 
Near  Sutton  Mill  lakes  the  top  of  the  marine  terrace  now  stands  at 
400  feet  above  tide,  bo  that  the  submergence  of  the  present  coast  line  . 
WM  greater  than  this  amount.  Thejfoasils  which  determine  these 
clays  include  the  following  species  :  Saxieava  rugoaa,  Mya  truncata, 
Macoma  calcarea  and  Cardium  ciliatum. 
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APPENDIX  I. 

Preliminary  list  offoanUJrom  the  SHurian  {Upper  Silurian)  rods 
of  tilt  Bkwa'i  river,  and  Sutton  Mill  lake*,  Keewatin,  colUcted  6y  D, 
B.  Doviling  in  1901,  unUi  deKriptiont  of  mch  tpecies  at  a^ptar  to  be 
naif. 

BY  J.  F.  AVHITEATES. 


♦ANTHOZOA. 

TETBACORALLA. 

Zaphrentit  Stoketii,  Edwards  and  H&ime. 

EkwEta  river;  portage  road  at  falls,  two  8p«cimeiu;  and  upper 
rapid,  two  Bpeciniena. 

Small  island  in  the  northern  of  the  two  S^ttoD  Mill  lakes  :  fonr 
Bpeoimens. 

Pyenotlylui  OutlpHentit,  Whiteaves, 

Ekwan  river :  portage  road  at  falls,  one  apecimen ;  and  foot  of 
portage  road,  one  specimen. 

Pgenoetj/hit  eltyant,  Whiteaves. 

Skwan  river,  portage  road  at  falls  :  one  speoimen. 

HKXACORILLA. 

Favoeiiet  Golhlandica,  Lamarck. 

Ekwan  river :  foot  of  portage  road,  five  specimenB ;  portage  road 
at  fallfi,  one  specimen ;  and  upper  rapid,  one  specimen. 

Favorites  Binngeri,  Edwards  and  Haime. 

Ekwan  river  :  lower  rapid,  one  specimen  ;  foot  of  portage  road,  one 
specimen  ;  and  portage  road  at  falls,  one  apecimen. 

'The  Anthoioa  have  kindly  been  determined  by  Mr.  L.  M.  iMUbe. 
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Small  ielktid  in  the  aorthera  Sutton  Mill  Iftke  ;  one  specimen. 
This  speeieB  occurs  also  in  the  Ni^a»  and  Goelpb  formatiooa  ot 

Ontario. 

OCTOCORALLA. 

SedynUt  eaimwlaria,  L. 

"  The  typical  form,  as  identified  by  Canadian  and  United  States 
palteontologista,  under  tbia  name  or  that  of  Catenipora  etckaroidet,. 
Lamarck,  and  C.  agglomerata,  HaJI."     Lambe. 

Ek  wan  river,  foot  of  portage  road:  one  epocimen,  that,  according 
to  Mr.  Lambe,  is  like  speoimens  from  the  Niagara  and  Onetph  forma- 
tionsof  Ontario  and  from  Division  4  of  the  Anticosti  group  of  Anticosti. 
ZjfMia  siijwba.  (  =  Trematopora  mperha,  Billinga.) 

Ekwan  river,  porti^  road  at  falUi :  one  specimen. 
HYDROZOA. 
Stromatoporoidea,  genera  and  species  undetermined. 

Ekvan  river,  portage  road  at  falls  :  two  fragments,  which  seem  to 
be  referable  to  di&rent  genera. 

ECHINODERMATA. 

Crinoidea,  genera  and  species  uncertain. 

Ekwan  river,  portage  road  at  falls  :  a  cabt  of  the  interior  of  a  dorsal 
cup,  that  shows  little  more  than  the  general  shape  and  the  impress  of 
a  few  large  hexagonal  plates.  Foot  of  portage  road :  two  portions  of 
finely  anntdated  columns,  which  are  circular  in  section  and  perforated 
by  a  pentalobate  axial  canal. 

POLYZOA. 
F*negt«Ua  avlarctica,  sp.  nov.* 

Zoarium  spreading,  somewhat  fan-shaped,  but  probably  funnel 
shaped  when  perfect.  Branches  very  slender,  oarinated  on  the  cellnli- 
ferons  face,  and  averaging  from  a  fourth  to  a  third  of  a  millimetre  in 
thickness.  Bifurcations  very  infrequf  nt  in  the  only  specimen  collected, 

,  will  KKm  be  illus- 
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oocnning  ftt  intervAla  of  five  mm.  or  more.  laterstices  much  wider 
thAQ  the  branches.  DisBepicnentB  about  one  mm.  apart,  or  four  a.nd  a 
half  to  fire  in  the  space  of  five  mm.  Fenestrulea  longer  than  wide, 
irregular  but  somewhat  rectaDgular,  nearlj  or  quite  a  mm.  long  and 
approximately  about  half  aa  wide  aa  long.  Zoeecial  apertures  circular, 
in  two  ranges,  opening  somewhat  laterally,  twenty  in  each  range  in 
the  space  of  five  mm.,  and  three  to  four  on  each  side  in  the  length  of 
a  fenestrule,  closely  disposed  but  separate,  slightly  irregular  in  their 
disposition,  sometimes  alternate  on  the  two  sides  of  the  keel,  sometimes 
opposite,  their  margins  indenting  the  borders  of  the  feneatrules.  Under 
a  highly  magnifying  simple  lens,  the  keel  appears  to  be  minutely 
BpiDoee  in  placee. 

Ekwan  river,  portage,  road  at  falls :  one  fnirly  good  specimen.  Mr. 
R.  S.  Bassler,  of  the  U.  B.  National  Museum,  to  whom  the  writer  is 
indebted  for  critical  suggestions  in  regard  to  the  structural  peculi- 
aritiea,  and  affinities  of  this  and  the  following  species,  writes  that  the 
zotecial  apertures  of  this  Feneettlla  "seem  unusually  large,  but  this  is 
due  to  the  removal  of  the  outer  inveetmeBt  of  the  zoarium." 

Phanopora  KeetBotinenaia,  sp.  nov, 

Zoarium  bifoliate,  branching,  consisting  of  a  thin  flattened  frond 
which  is  six  millimetres  wide  on  an  average,  but  ten  mm.  wide  at  a 
bifurcation,  and  which  bifurcat«s  at  intervals  of  about  eleven  mm. 
Zotecia  rhombic,  a  little  longer  than  wide,  seven  in  two  millimetres 
measuring  lengthwise  and  eight  to  eight  and  a  half  measuring  trans- 
versely, divided  by  thin,  straight  longitudinal  partitions,  which  form 
their  sides  and  separate  them  into  longitudinal  rows.  Apertures  of 
the  zocecia  obliquely  oval.  Surface  marked  by  arching  striK,  which 
curve  convexly  forward. 

Small  island  in  the  northern  Sutton  Mill  lake,  one  specimen.  In 
regard  to  this  specimen,  M.  Bassler  writes  aa  follows :  tt  is  "  a  Pha- 
nopora  closely  allied  to  several  Clinton  species,  but  which  I  should 
regard  as  new.  In  zocecial  structure  is  is  very  close  to  P.  multi/tda. 
Hall,  and  especially  to  P.  fimbriata,  James.  P.  m\dtifida  has  a  differ- 
rent  zocecial  growth  and  slightly  larger  zocecia.  P.  fimbriata  has  about 
the  same  zocecial  measurements,  but  the  growth  of  the  zoarium  is  quite 
different." 

Seven  other  species  of  Pkasnopora  are  known  to  occur  in  the  Oambro- 
Silurian  and  Silurian  rocks  of  Canada.  These  are  ;  P.  innpietu, 
Uirich,  from  the  TreotoA  limestone  of  Montreal ;  P.  eomUUaCa,  P. 
eiwiformii  and  P.  explanaia,  Hall,  also  P.  punctata,  Kicbolson  and 
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Hinde,  from  the  Clinton  and  Niagara  formations  of  Ontario  ;  and  P. 
txcellens  (Plitodictj/a  excellent,  Billinge),  and  P.  tuptrha  {Ptilodittt/a 
euperba,  Billings),  from  the  Anticosti  group  of  that  island. 

BRACHrOPODA. 
Trim^reUa  £kwaiunns,  nom.  emend. 


Ekwan  river,  portage  road  at  falls  :  three  ventrals  and  two  imper- 
fect dorsal  valved. 

The  specific  name  is  here  slightljr  amended,  in  accordmce  with  the 
more  modem  spelling  of  the  name  of  the  river. 

Trimerella  borealia. 

TrimerHta  bortalit,  WLileaves.  1902.     Ottaw»  Natundist.  vol.   ivi,  p.  112,  pL  [ii. 
figa.  2*3. 

Etwan  river,  lower  rapid  :  a  cast  of  the  interior  of  both  valves. 
Siropheodonta,  sp.  Indet. 

Ekwan  river,  foot  of  portage  road :  one  well  preserved  ventral 
valve,  with  the  surface  markings  essentially  like  those  of  S.  varittriala, 
var.  arata. 

Siropheodonta,  sp.  indet. 

Small  island  in  the  northern  Sutton  Mil!  lake  :  two  specimens,  with 
the  exterior  marked  by  very  fine,  equal,  radiating  striie. 

PUctambonites  transversaiU  (Wahlenberg). 

Ekwan  river,  foot  of  portage  road  ;  two  imperfect  but  charac- 
teristic ventral  valves.  In  the  Museum  of  the  Survey  there  are  speoi- 
mena  of  this  speciee  from  the  Niagara  group  at  Orimsby,  Dundas,  and 
Hamilton ;  from  divisions  2,  3  and  4  of  the  Anticosti  group,  four 
miles  west  of  Jupiter  river,  at  East  point,  and  at  the  Jumpers,  Anti- 
costi )  also  from  the  Silurian  (upper  Silurian)  rocks  of  Lake  Temia- 
conata,  N.B. 

Orthit,  sp.  indet 

Ekwan  river,  upper  rapid  :  one  half  of  t*ie  ventral  valve  of  a 
Bmalt,  rather  coarsely  ribbed  and  apparently  uadeacribed  species  of 
the  0.  Davidsoni  type.     A  similar  but  more  perfect  valve,  in  the 
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MaMnm  of  the  Surrey,  vm  oolleoted  on  the  Fftwn  river,  or  brutoh  of 
the  Severn,  by  Mr.  A.  P.  Low  in  1886. 

CamaroUxckia  EktoMtentii,  sp.  noT. 

Shell  small,  moderately  convex,  truuversely  anbelliptioal  and  wider 
than  lonf[. 

Ventral  valve  with  an  extremely  small,  narrow,  erect  or  straigbt 
beak,  behind,  and  a  well  defined  mesial  sinus,  that  extends  backward 
to*aboat  the  midlength,  in  front;  the  whole  surface  of  the  valve- 
marked  with  thirteen  rather  distant  angular  radiating  riba,  three  in 
the  mesial  sinus  and  five  on  each  side. 

Dorsal  valve  with  a  still  smaller  beak,  and  with  a  fold  correspond ing 
to  t!ie  mesial  sinus  of  the  ventral,  its  surface  marked  with  twelve  angu- 
lar  ribs,  four  on  the  fold  and  four  on  each  side  of  it. 

Hinge  area  and  interior  of  the  valves  unknowa. 

Ekwan  river,  portage  road  at  falU  :  one  well  preserved  cast  of  the- 
interior  of  the  closed  valres. 

This  small  rhynchonellrtid  may  possibly  prove  to  be  an  extreme 
variety  of  C  neglaeta  ^the  Atrypa  negleela.  Hall,  of  the  second  volume 
of  t'  e  Palnontology  of  the  State  of  New  York)  from  which  it  seems 
to  differ  chiefly  in  its  transversely  and  rather  narrowly  snbelliptical 
marginal  outline. 

Atrypa  retieiilarit,  L. 

Ekwan  river,    foot  of  portage  road  :  two  small  specimens. 
Glaui  t  variabiliM,  sp.  nov. 

Shell  very  small,  strongly  compressed  and  lenticular  in  outline  in 
transverse  section,  or  moderately  convex  and  varying  in  marginal 
outline  from  nearly  circular  and  sometimea  a  little  wider  than  long  to 
snbovale  and  a  little  longer  than  wide. 

Ventral  valve  with  the  front  margin  either  nearly  straight  and 
devoid  of  sinus,  or  faintly  sinuated,  or  provided  with  a  rather  wide 
but  not  distinctly  defined,  shallowly  concave  or  not  very  deep,  mesial 
sinns,  that  extends  backward  to  about  the  midlength.  Umbo  of  the 
ventral  valve  small,  narrow  and  not  very  prominent  or  produced,  its 
beak  slightly  incurved  and  apparently  perforate. 

Dorsal  valve  with  the  umbo  and  beak  smaller  than  those  of  the 
ventral. 
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Surface  apparently  smootb. 

Spiralia directed  toward  the  dorsal  aide  (Schuchert) ;  jngum,  muscular 
impressiODa,  and  hinge  dentition  noknown. 

IMmensionB  of  a  typical  and  average  specimen  (from  the  Winisk 
river):  maiimnm  length,  slightly  over  eight  millimetres;  greatest 
width,  eight  mm.  and  a  half ;  maximum  thickness,  four  mm. 

Two  small  loose  blocks  of  limestone  from  cr  near  the  moath  of  ths 
Winisk  river,  collected  by  Mr.  W.  Mclnnes  in  1903,  are  almost  exclu- 
sively composed  of  nearly  perfect  shells  of  this  species,  many  of 
which  have  the  spiralia,  or  internal  spiral  cones,  preserved.  Some 
of  the  beat  of  these  specimens  have  been  examined  by  Mr.  Charles 
Schucherb,  of  the  U.  3.  National  Museum,  who  writes  u  follows  in 
regard  to  them  in  a  letter  dated  March  9,  1904.  "  The  spiral  cones 
in  the  Winisk  shell  are  directed  toward  the  dorsal  side,  but  I  cannot 
see  the  jugam.  For  the  present  I  would  refer  it  to  Glatsia.  In 
external  charactera  it  is  very  near  to  G.  tuhovata  (Sowerby)  but  the 
difierence  in  the  spiralia  will  distinguish  them,  as  the  latter  has  the 
cones  inwardly  or  medially  directed.  This  diSerence  is  certainty  of 
specific  value,  but  for  the  present  I  should  not  regard  it  as  of  generic 
importance,  as  di&rent  genera  of  the  Atrypide  have  the  spiralia 
directed  either  laterally,  medially  or  dorsally." 

Ekwan  river,  foot  of  portage  road,  one  specimen ;  Fawn  river 
(or  branch  of  the  Severn),  thirteen  specimens  ;  all  of  which  are  pro- 
bab'y  referable  to  this  species,  though  none  of  them  show  any  vestige 
of  the  spiralia  or  of  any  of  the  other  characters  of  the  interior  of  the 
valves.  They  are,  perhaps,  a  little  more  convex  proportionately  than 
the  typical  form  from  the  Winisk  river.  The  sinus  in  each  of  their 
ventral  valves  seems  to  be  a  little  more  developed.  Tn  these  respects 
the  specimens  from  the  Winisk  are  more  like  the  Atrypa  compretia  of 
Bowerby,  and  those  from  the  Ekwan  and  Fawn  rivers  more  like  the 
A.  iviovata  of  the  same  author,  both  of  whiah  are  now  regarded  as 
forms  of  Glaaaia  tubovala. 

Spiri/er  eritput  f  Hisinger.  Var. 

Ekwab  river,  middle  rapid  :  one  good  specimen  of  a  small  radiately 
ribbed  Spiri/er,  that  is  apparently  similar,  in  size  and  general  shape, 
to  the  S.  eritput,  as  described  and  figured  by  European  and  American 
palieontoIogistB,  but  which  has  narrow  and  angular,  not  wide  and 
rounded  ribs. 
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Spiri/er  (?)  sp.  indet. 

Ekwau  rtrer  :  portage  road  at  falls,  one  apecimea  ;  and  at  foot  of 
portage  road,  one  specimeti;  both  casta  of  the  interior  of  ventral 
valves  that  Hre  possibly  referable  to  S.  radxatua,  Sowerby,  bat  that  are 
much  too  imperfect  and  too  badly  preserved  to  be  aatiafactorily  deter- 
mined even  geaerioally. 

Belicularia  septtntrionalia,  8p.  nov. 

Shell  strongly  biconvex,  but  often  with  a  faint,  BhaIlo#,  narrow 
longitudinal  groove  or  depression  in  the  inediaii  line  of  each  valve  ; 
varying  in  outline  indifferent  specimens  from  subovate  orsomewhat 
pentagonal  and  a  little  longer  than  wide,  to  not  far  from  circular  and 
»a  wide  as  long,  but  always  abruptly  contracted  and  attenuate  in  the 
umbonal  region  behind  ;  front  margin  of  the  valves  straight  and 
entirely  devoid  of  a  mesial  fold  or  ^inus. 

Ventral  valve  with  a  narrow  but  prominent  or  produced  umbo,  a 
depressed,  incurved  and  acute  beak,  and  an  extremely  small  deltby- 
riam. 

Umbo  and  beak  of  the  dorsal  smaller  and  leas  prominent. 

Moat  of  the  specimens  are  little  more  than  merecastsof  the  interior 
of  the  closed  valves.  Their  surface  is  entirely  devoid  of  ribs  of  any 
kind,  and  at  first  sight  would  aeem  to  be  marked  only  with  concentric 
lines  of  growth.  But,  upon  closer  examination,  numerous,  obscure, 
close-set  and  very  slightly  raised  concentric  lines,  or  fa'nt  and  minute, 
low,  rounded  ridges,  can  be  detected  on  portions  of  the  exfoliated  test 
that  happen  to  be  preaerved,  and  the  shell  structure,  under  a  lens,  is 
seen  to  be  fibrous. 

Characters  of  the  interior  of  the  valves  unknown,  though  there  are 
indications  of  a  median  septum  in  each, 

Ekwan  river  :  lower  rapids,  one  specimen  ;  middle  rapid,  one  speci- 
men; and  portage  road  at  falls,  four  specimens. 

This  large  and  nearly  smooth  species  is  provisionally  referred  to  the 
genus  Seticularia  on  account  of  its  general  resemblance  to  S.  modesla 
(Hall),  and  S.  perplejra  {McChesney)  which  is  the  Spirijer  lineatus  of 
Shumard  and  other  American  palKontologists:,  but  not  of  Martin  ; 
though  it  may  prove  to  be  a  Martinia. 

Selicularia  (f)  sp.  indet. 

Ekwan  river,  foot  df  portage  road  ;  two  specimens,  each  of  which 
has  the  whole  of  the  dorsal  valve  and  most  of  the  ventral  preaerved. 
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though  the  Dmbo  and  beak  of  the  latter  are  broken  off.  Both  &re 
traDSvereely  subelliptical  ia  outline  and  wider  than  long,  and  both 
have  a  rather  ahallow  marginal  sinus  in  the  ventral  valve.  They  are 
entirely  riblees,  but  the  better  preserved  one  of  the  two  ia  finely  and 
nodosely  cancellated  by  numerous,  close-set,  minute  concentric  ridges, 
that  are  crossed  by  similar  radiating  ones. 

At  the  portage  road  at  the  falls  a  specimen,  with  the  same  general 
shape  and  vith  &  Gimilar  sinus  in  the  ventral  valve,  waa  collected,  but 
it  is  ao  r^ch  worn  that  its  surface  markings  ftre  quit«  obliterated,  and 
the  beak  of  the  ventral  is  so  imperfect  that  it  is  impossible  to  tell 
whether  it  was  originally  perforate  or  not.  This  specimen  seema  to 
correspond  fairly  well  with  E.  Billings'  figures  of  Athyi'it  Blancha, 
from  the  Silurian  rocks  of  Maine,  which  Hall  and  Clarke  refer  to 
MerUtina,  but  which  Schuchert  says  is  a  Meriitella. 

Merittina  {?)  expan&a,  sp.  nov. 

Shell  tumid,  regularly  and  rather  strongly  biconvex,  transversely 
Bubelliptical  and  always  a  little  wider  than  loog ;  front  margin  of  the 
valves  not  at  all  sinuated  ;  surface  entirely  devoid  of  any  kind  of 
ribs. 

Ventral  valve  with  a  rather  depressed  though  slightly  prominent 
umbo,  and  an  incurved  beak. 

Dorsal  valve  with  a  much  more  depressed  umbo  and  a  smaller  beak. 

Surface  markings  of  the  exterior  of  the  test  unknown,  those  of  its 
exfoliated  inner  layer  consisting  of  numerous,  close-set  and  very 
minute,  concentric  raised  lines,  as  well  as  of  a  few  rather  distinct  con- 
centric lines  of  growth  ;  structure  of  the  test  fibrous. 

Characters  of  the  interior  of  the  valves  unknown,  though  there  is 
clearly  a  long  mesial  septum  in  the  ventral  valve,  and  apparently  a 
similar  one  in  the  dorsal. 

Ekwan  river :  portage  road  at  falls,  one  specimen  ;  and  toot  oi 
portage  road,  an  unusually  large  but  imperfect  speoimen.  Attnwa- 
piskat  river,  seventeen  to  thirty  milee  below  Rainy  island.  Dr.  R. 
Bell,  1886  :  eight  specimens. 

These  specimens  are  mere  casts  of  the  interior  of  the  closed  valves, 
with  small  portions  of  the  inner  layer  of  the  test  attached  to  some  of 
them.  It  is  by  do  means  clear  whether  the  beak  of  the  ventral  valve 
of  any  of  them  is  perforate  or  not.  They  are  provisionally  and  very 
doubtfully  referred  to  iferiitina,  on  account  of  their  general  resem* 
blance  in  external  form,   to  the  European  M.  tutnida,  bat  it  may  be 
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that  they  shoald  rather  be  referred  to  MtrituUa  or  Relwviaria.  Thej 
«eem  to  differ  from  Retwviaria  teptentrunudU  in  their  noiformly, 
truiiTeraelj  &ad  broMlIy  sabelliptioal  contour,  and  iit  the  more 
depreaaed  umbo  of  the  veatrnl  valve  of  each. 

M0LLU8CA. 

PELECTPODA. 

Ambonyehia  ttndulata  (Whitfield). 


Ekwan  river :  portage  road  at  falls,  an  imperfect  left  valve ;  and 
foot  of  portage  road,  a  nearly  perfect  and  very  convex  right  valve. 

B  ith  of  these  specimens  are  marked  with  "  strong  regularly  rounded 
-concentric  undulations."  Mr.  £.  0.  TJlrich,  who  has  kindly  examined 
the  five  specimens  of  pelecypoda  collected  by  Mr.  Dowling,  and  to 
whom  the  writer  is  indebted  for  some  critical  suggestions  in  regard  to 
them,  thinks  that  LeptodomuM  undulatut  is  an  Amhonychia  allied  to 
A.  planittriaia.  Halt,  and  that  the  former  had  fine  surface  radii. 

Ambonyehia  lepUnlrionalis,  sp.  nov. 

Shell  obliquely  and  acuminately  aubovate  or  subrhomboidal,  very 
inequilateral,  rather  strongly  convex,  moat  prominent  in  the  umbonal 
region  of  each  valve.  Anterior  side  very  short,  abruptly  truncatod, 
or  rather  inflected,  and  flattened  ;  posterior  side  a  little  longer,  broadly 
rounded  at  its  extremity  and  forming  a  subangular  junction  with  the 
hin^  line  above.  Umbones  prominent,  tumid  but  rather  narrow  ; 
beaks  incurved,  anterior,  and  almost  if  not  quit«  terminal ;  binge  line 
straight  behind  the  beaks,  equal  to  about  two  thirds  of  the  greatest 
length  of  the  valves  beneath. 

Surface  marked  with  a  few  faint  and  obscure  concentric  undulations 
and  lines  of  growth,  also  by  extremely  minute  radiating  lines.  Test 
very  thin. 

Hinge  dentition  and  muscular  impressions  unknown. 

E!kwan  river,  portage  road  at  falls  :  a  cast  of  the  interior  of  bpth 
valves,  with  pact  of  the  test  preserved. 

This  shell  i»  rather  similar  to  the  A.  affinu  of  Ulrich  from  the  Middle 
Galena  of  Minnesota  and  Illinois,  both  in  its  shape  and  surface  mar- 
kings. But,  in  the  former  the  posterior  end  is  more  broadly  rounded 
and  not  so  much  produced  below,  and  the  radiating  raised  line.i  of  the 
surface  are  much  more  minute. 
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MyliJarca  pmftoidM,  sp.  nov. 

Shell  comiHVeB«d  convex,  rather  obUqoelT  Babovate  and  very  ineqai- 
lateral,  or  broadly  mytiloid  and  aubalate  behind.  Anterior  aide  veiy 
short,  trnncated  or  abruptly  inflected  above  and  roanded  below  ;  pos- 
terior aide  a  little  longer,  its  onber  margin  tmncated  somewhat  obli- 
quely and  forming  an  angular  or  subangular  junction  with  the  cardinal 
border  above,  bat  ronnded  below.  Cardinal  border  behind  the  beaka 
straight,  its  entire  length  equal  to  fnlly  two  thirds  or  moro  of  the 
jpreatest  length  of  the  valves  below  ;  hinge  area  large ;  umbone?  appa- 
rently not  very  prominent;  beaks  appressed,  inonrved  and  almost 
terminal. 

Sur&ce  marked  with  a  few  impressed  and  concentric  stris  of  growth  ; 
teat  rather  thick. 

Hinge  with  both  cardinal  and  lateral  teeth ;  mnscnlar  impresaions 
unknown. 

Ekwan  river,  portage  road  at  falls  :  ons  teatiferous  left  valve. 

Mr.  Ulrich  thinks  that  this  shell  is  "closely  related  to,  if  not  quite 
the  same  as,  Jm&ony<^ta  aphata,  Hall,"  from  the  Niagara  limestone  of 
lUinois,  which  be  (Mr.  Ulrish)  referred  to  Mytiiarea,  in  1S94,  in  the 
seventh  volume  of  the  Reports  of  the  Geological  Survey  of  Ohio.  A. 
aphicea,  however,  was  based  upon  a  mere  cast,  wbioh  does  not  show  the 
proportionate  length  of  the  hinge  line,  the  size  of  the  cardinal  area, 
nor  the  surface  markings,  so  that  it  ia  scarcely  possible  to  make  a  satis- 
factory comparison  between  it  and  the  specimen  from  the  Ekwan  river. 

CUnodonta  tuhovata,  sp.  nov. 

Shell  small,  inequilateral,  moderately  convex,  subovate  and  one 
foorth  longer  than  high.  Anterior  (1)  side  short  and  rounded  ;  poste- 
rior {I)  side  produced,  a  little  longer,  and  more  narrowly  rounded  at  its 
outer  termination ;  ventral  margin  gently  convex ;  auperior  border 
sloping  abruptly  downward  in  front  of  the  beaks  and  much  more  grad- 
ually 30  behind  them ;  umbones  small  and  moderately  prominent ; 
beaks  also  small,  incurved  and  placed  in  advance  of  the  midleogtb  ; 
ligament  external,  short,  placed  on  the  shorter  end  of  the  hinge  line. 

Surface  faintly,  very  minutely  and  concentrically  striated. 

Hinge  dentition  and  muscular  impressions  unknown. 

Dimenaionsof  the  only  specimen  collected  :  maximum  length,  twenty 
millimetres ;  greatest  height,  fifteen  mm.  and  a  quarter ;  maximum 
thiokoesa,  tea  mm.  and  a  quarter. 
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Ekwsn  river,  portagA  ro&d  at  falls :  one  testifnroua  specimen,  with 
both  valves. 

The  homologies  of  the  shell  of  CUnodonUt  are  unknown,  and  it  is  not 
at  all  clear  which  is  the  anterior  and  which  the  posterior  Bide  of  thi« 
species.  If  the  shorter  is  the  posterior  side,  as  in  Nuevla  and  as 
would  seem  to  be  indicated  by  the  position  of  the  ligament^  then  the 
beaks  of  this  species  are  placed  a  little  behind  the  midlength  and 
vice  vern 

"In  outline  this  shell  agrees  verjr  nearly  with  my  C.  Hmulalrix  ai.d 
less  closely  with  C.  Albertina,  but  the^e  species  had  the  ligament  on 
the  lonf^r,  instead  of  the  shorter  end  of  the  hinge."  Ulrich. 

GABTBROPODA. 

I'leuroloniaria  (or  Euotnphaiopterui)  sp.  indet. 

Ekwan  river,  upper  rapid  :  five  badly  preserved  casts  of  the  inte- 
rior of  the  shell  of  a  widely  umbilicated  species  of  I'leurotomaria  or 
Euomphalopteriu,  with  a  very  low  obtuse  spire.  These  specimens  are 
very  similar  in  shape  to  caste  of  Pleurotomaria  Valeria,  Billings, 
which  is  probably  an  BuomphalopUrua,  but  the  outer  whorl  of  each  is 
not  so  distinctly  keeled  at  the  periphery. 

Euamphaiopterut,  sp.  indet. 

Ekwan  river,  foot  of  portage  road  :  a  specimen  with  the  upper 
half  of  the  shell  completely  worn  away,  the  basal  half,  which  is  all  that 
is  left,  being  narrowly  umbilicated  and  showing  part  of  a  peripheral 
alation. 

Megolomphtda  rofitufo,  sp.  nov. 

Shell  large  for  the  genus,  strongly  convex  but  deeply  and  rather 
widely  umbilicated  on  both  sides,  the  umbilicus  occupying  about  one 
half  of  the  entire  diameter  though  ita  margin  is  not  very  distinctly 
defined.  Whorls  at  least  three  and  perhaps  more,  increasing  very 
rapidly  in  size  and  laterally  expanding,  coiled  closely  on  the  same 
plane  and  everywhere  in  close  contact,  but  with  little  or  scarcely  any 
overlapping ;  their  periphery  encircled  by  a  continuous  slitband  ; 
exposed  portions  of  the  inneronestmncated  almost  vertically  but  some- 
what obliquely  on  each  side.  Outer  whorl  rounded  on  the  periphery 
in  some  specimens,  faintly  and  obtusely  subangular  in  others,  distinctly 
inbangular  around  the  umbilical  margin  on  both  sides,  the  umbilical 
wall  being  steep  but  somewhat  oblique.    Slit-band  narrow,  in  half- 
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grown  specimens  moderately  elevated  and  bounded  on  each  aide 
of  its  sammitby  aapiral  raised  line,  but  this  minute  double  keel  becomes 
obsolete  on  the  outer  half  of  the  last  volution,  in  adult  sheila.  Outline 
of  transverae  section  near  the  aperture  snbreniform  and  much  wider 
chaa  high  in  some  specimens  but  somewhat  triangular  and  nearly  or 
quite  as  high  as  wide  in  others ;  outer  Jip  aot  preserved  in  any  of 
the  specimens  collected,  but  apparently  not  abruptly  expanded ;  apert- 
ural  slit  unknown.  ' 

Surface  of  moet  of  the  specimens  collected  marked  only  with  curved, 
transverse  striee  of  growth,  but  in  one  specimen  the  markings  consist 
of  small  narrow,  thin  transverse  ridges,  with  flat  spaces  between  them. 

Ekwan  river,  portage  road  at  falls  :  seven  specimens,  all  of  which 
are  imperfect  at  the  aperture.  The  largest  is  seventy  two  millimetrea 
in  its  maiimum  diameter. 

The  generic  name  Megaloinphala,  Ulrich,  1897,  is,  however,  too 
cloee  to  Megalomphalits,  Brusina,  1871. 

Saipirtgostoma  boreale,  sp.  nov. 

Shell  small,  consisting  of  three  rounded  volutions  that  are  a  little 
wider  than  high  and  coiled  on  the  same  plane,  in  close  contact,  with 
little  or  no  overlap,  or  at  least  closely  contiguous  if  not  actually  in 
contact ;  umbilicus  wide  and  open,  exposing  most  of  the  inner  whorh. 
Aperture  trumpet  shaped,  lip  widely  and  abruptly  expanded. 

Surface  marked  with  minute  rounded  spiral  ribs,  that  are  crossed 
by  small,  crenate,  lamellose  raised  ridges.  The  slit-band  is  not  well 
shown  in  either  of  the  few  specimens  collected,  but  it  seems  to  be 
narrow,  and  continuous,  at  least  at  some  distance  behind  the  aperture. 

Ekwan  river :  middle  rapid,  foot  of  portage  road,  and  portage 
road  at  falls  ;  one  specimen  from  each  of  these  localities.  The  largest 
of  these  specimens,  though  only  twenty-three  millimetres,  or  less  than 
an  inch,  in  its  maximum  diameter,  has  an  abruptly  expanded  aperture. 
The  other  two  are  obviously  immature  shells,  each  about  eleven  mm. 
in  its  greatest  diameter.  In  one  of  them  the  posterior  half  of  the 
earliest  volution  is  free  from,  and  not  quite  in  contaot  with,  that 
which  immediately  succeeds  it. 

It  is  only  in  the  continuity  of  the  slit-band  that  this  species  and 
shells  of  this  genus  are  supposed  to  differ  from  Tremaitolue,  or  as  Dr. 
Paul  Fischer  spells  it,  Tr^mafonottu. 
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Slropho^ylua  JUicinetui,  sp.  nov. 

Shell  depressed  turl)inKte  and  vider  than  high,  opire  rather  ahorti 
leas  than  h&lf  as  high  as  the  outer  whorl,  as  viewed  dorsallj.  Whorls 
six  or  perhaps  seven,  rounded  but  slightly  flattened  at  the  suture 
above,  iocreosinf^  rapidljr  in  size,  the  outer  one  strongly  inflated,  ven- 
tricose  and  imperforate  at  the  base.  Aperture  subcircular,  lip  thin 
and  simple. 

Surface  marked  with  extremely  minute  and  close-sec,  tow,  rounded* 
spiral  raised  lines,  and  by  fine  transverse  striie  of  growth.  On  the  last 
volution  but  two  of  one  specimen  there  are  nineteen  of  these  spiral 
raised  lines,  and  four  and  a  half  in  a  millimetre.  On  the  outer  whorl 
of  an  apparently  adult  specimen,  and  near  the  aperture,  there  are  three 
spiral  raised  lines  to  a  mm. 

Ekwan  river,  portage  road  at  falls  :  two  specimens,  with  the  minute 
surface  markings  well  preserved.  One  of  these  is  »  testiferous  spetn- 
men  with  nearly  the  whole  of  the  spire  preserved,  but  with  the  outer 
whorl  almost  completely  broken  off;  and  the  other  a  cast  of  the  inte 
rior  of  the  last  two  whorls  of  the  shf^ll  of  an  adult  Rp«cimen,  with  a 
small  piece  of  the  teat  preserved,  nt  and  near  the  aperture.  Beside 
these  there  are  four  specimens  that  are  probably  referable  to  this 
species,  though  none  of  them  show  any  trace  of  the  minute  spiral  lines 
upon  the  exterior  of  the  test.  Three  of  these  are  from  the  portage 
rood  at  the  falls,  and  one  from  the  foot  of  the  portage  road. 

This  specie.s  would  seem  to  be  con^neri:  with  Cyclonenxa  cancella- 
tum  of  Lindstrdm,  from  the  Silurian  rocks  at  Gotland,  which  Ulrich 
says  is  a  Stropho»tylu». 

CEPHALOPODA. 

Eiidoceraa  (or  Nawno)  sp.  indet. 

Ekwan  river,  portage  road  at  falls  :  two  fragments  of  aiphunclea,  or 
of  a  siphuncle,  that  are  presumed  to  be  referable  to  either  Eiuloeerat 
or  Nanno,  on  account  of  their  apparent  homologies  with  specimens 
collected  by  Dr.  Klls  and  the  writer  in  1903  in  the  chazy  or  Black 
River  limestone  at  Kingston  Mills,  Ont. 

Aelinocerat  Keewalinente,  nom.  prov. 

This  is  a  provisional  name  for  some  peculiar,  obliquely  subnummn- 
loidal  and  presumably  submarginal  siphuncles,  or  portions  of  siphuncles, 
somewhat  resembling  those  of  A.  coehlealum  (Schlotheim).  They  are 
longicone  and  increase  very  slowly  in  thickness,  nearly  circular  in 
transverse  section,  and  encircled,  at  more  or  less  regular  intervals,  by 
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tuuTOW  and  rathar  deep,  obliquely  transverse  constrtctionB.  Between 
these  constrictions  the  aiphuncle  is  laterally  compressed  and  bat  slightly 
expanded,  while  its  tmnveree  diameter  is  from  two  to  three  tiires  as 
great  as  the  distance  between  the  oonstriobions. 

The  surface  making?  of  these  siphunclea  consist  of  fine. close-set 
longitudinal  strife. 

Rainy  island,  Attawapishkat  river,  Dr.  B.  Bell,  1886:  three  fine 
'  and  rather  slender  specimens.  Ekwan  River,  upper  rapid  :  two  dis* 
torted  fragments. 

The  beat  specimen,  from  the  Attawapishkat  river,  whicli  shows  ten 
of  the  uiphuncular  constrictions,  is  three  inches  and  nearly  a  half  in 
length,  by  twelve  millimetrea  in  diameter  near  the  smaller  end,  and 
twenty-two  near  the  larger.  la  this  speciiiien  the  width  of  the  si- 
phunole  is  about  twice  as  great  as  the  distance  between  two  of  the 
constrictions.  In  another  equally  slender  but  shorter  specimen  from 
the  same  locality,  which  shows  seven  siphuuculur  constrictions,  the 
width  of  the  siphuncle  is  nearly  three  times  as  great  as  the  distance 
between  the  constrictions,  at  the  smaller  end  ;  and  only  twice  as  great 
at  the  larger. 

Kionocerae  cancdlaturn  (Hall). 
OrOtoccrat Mnadlaium,  (Hall).  VSO. 

OHKocerat  cal-amnarc,  Hull.  1866.     Nut  O.  colvmnarr,  Marklin,  1857. 
OrUiorrTat  titammoni,  O.  Hoyii,    0.  tinmlatnta,  and  O.  irrei/ulatr.  McCbeaney, 

1861 ;  teste  Hall. 
Orthoeerat  Woadaorthi,  McChesney,  1H05  ;  teste  H»]l, 
Onhoctni  Cadiitm,  RillinKa.  lHfl6. 

Qrthocera,  angutalun,.  Hall.  1867.  But  not  O.  latffulatum,  Wahlenbeit-  IMl. 
OHIuiecrai  virsalun.  Hall.  1S67.  Not  O  viryatum,  Sowerby.  1839. 
OrlAocemi  nibeaneeClatutn,  HaU.  1877. 
OHhooerai  om,  HaU.  1877. 

Ekwan  river  ;  portage  road  at  falls,  two  fragmentary  specimens,  the 
largest  lees  than  two  inches  in  length ;  and  middle  rapid,  two  similar 
fragments;  all  of  which  seem  to  be  referable  to  this  species.  Each  of 
these  specimens  is  a  portion  of  a  longicone  orthoceratite,  with  a  cir- 
cular transverse  section,  a  central  or  nearly  central  siphuncle,  and 
marked  with  narrow  longitudinal  ridges,  separated  by  wider  grooves 
or  intervals,  with  minute,  close-set,  transverse,  raised  lines  between 
them.  Specimens  with  similar  external  characters  have  been  found 
in  the  Niagara  and  Ouelpb  formations  at  three  localities  in  Ontario 
and   Quebec.     These  are  the  Orthocerag   Cadimu,   of  Billings,  from 
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Orimaby  and  EIo»;  a  apecimon  from  Elora  tbut  the  writer  has 
referred  to  0.  Scammoni  ;  ftad  a  apeotmea  from  L'Anse  a  la  Barbe, 
near  Port  Daoiel,  in  the  Bale  dea  Chateurs,  in  the  Muaeum  of  the 
Survey,  labelled  0.  virgatum,  by  £.  Billings. 

0.  Cadmtig,  0.  lubcancellatum  and  0.  onu  are  names  that  have  been 
given  to  thia  shell  on  the  assumption  that  Hall'a  Orlhoeera*  can. 
cellatum  is  not  the  same  as  the  Orthoceratitea  cancelUtius  of  Bichwald. 
Billings,  in  a  paper  entitled  "  New  Speciea  of  Fosaila  from  the  Clinton 
and  Niagara  formations  "  and  published  with  hia  "  Catalogues  of  the 
Silurian  Fossils  of  the  Island  of  Anticoati",  aays  that  his  0.  Cadmvs 
appears  ta  be  0.  eancelUuum,  Hall,  not  Eichwald.  And  in  the 
explanation  of  &g.  11,  of  Plate  19  (10)  of  the  Twentieth  Re- 
gents' Report,  Hall  saya  that  the  character  of  the  surface  of 
impreasions  of  the  exterior  of  specimens  from  Wiaconsin  and  Illinois 
that  be  figures  and  refera  to  0.  angulalujn  and  0.  virgatum,  is 
"  precisely  like  that  of  0.  caneellalum,  Hall,  from  the  Niagara  group 
of  New  York,  and  differs  in  no  easential  particular  from  the  minute 
surface  markings  of  0.  coCvmnare."  But  Dr.  Foord  has  shown  that 
Eichwald's  Orlhoceralitea  eancellatus  ia  an  Sndoceras,  and  the  specific 
name  ca'ntxllatum  does  not  appear  to  be  preoccupied  in  Ortkocerat, 
and  certainly  is  not  in  Kionoeertu.  And  if  it  be  objected  that  "  once 
a  synonym  always  a  synonym  ",  then  the  next  specific  name  to  be 
aslected  would  seem  to  be  .f.  or  (0.)  Seamnunii,  if  Hall's  0.  eaneella- 
tum  ia  not  the  same  aa  the  0.  eanaliciUatum  of  Sowerby. 

Orthoceraa,  sp.  indet. 

Apparently  brevicons  ;  longitudinally  ridged,  ridges  unequal  in  size 
and  irregular  in  distribution. 

Skwan  river,  portage  road  at  falls:  a  fragment  that  is  not  suffi- 
ciently long  to  show  concluaivety  whether  it  formed  part  of  a  brevicone 
orthoceratit«  or  not. 

Orthocerat  Ektoan»n»e,  ap.  nov. 

Shell  increasing  rather  rapidly  in  thickness,  compressed,  elliptical  in 
cross  section;  surface  of  the  test  amooth  ;  septa  very  close  together^ 
■iphuncle  apparently  central,  though  the  internal  structure  is  badly 
preserved  in  the  only  specimen  collected. 

Ekwan  river,  portage  road  at  falla :  one  specimen,  a  little  over  two 
inches  in  length,  and  fully  two  inches  in  its  longer  diameter  at  the 
larger  end.  Perhaps  a  Rizoceras,  which  is  possibly  an  inadvertent 
spell  iDg  of  Rhizocera». 
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Phragmoeertu  Uneoiatum,  sp.  nov. 

Shell,  or  cut  of  the  interior  of  the  shell,  app&rently  easeDtialljr 
similar  to  that  of  P.  X'eator,  as  described  and  figured  by  Hall,  in 
general  shape  and  in  that  of  its  aperture,  bat  with  the  exterior  of  the 
test  marked  with  ver^  aumerous,  closely  and  regnlarlj  disposed,  minute 
transverse  impressed  linee,  that  give  to  the  surface  a  minutely  ribbed 
appearance,  under  a  lens. 

Ekwan  river  ;  middle  rapid,  a  cast  of  the  interior  of  a  large  body 
chamber;  foot  of  portage  road,  one  good  specimen  and  three  frag- 
ments ;  portage  road,  at  falls,  two  good  specimenB  and  one  fragment : 
and  upper  rapid,  a  large  but  imperfeot  cast  of  the  body  chamber  and  of 
nine  or  ten  of  the  chambers  between  the  septa. 

The  type  of  P.  Nettor  is  a  mere  cast  of  the  interior  of  the  shell,  with 
no  indications  of  tiie  surface  markings  of  the  test,  and  in  P.  Ifetior, 
Tar.  Canadenu,  there  are  remains  of  rather  coarse  longitudinal  ribs. 

CRUSTACEA. 

OSTRACODA. 

Iiochilina  or  Leperditia,  sp.  indet. 

Ekwan  river,  upper  rapid ;  a  rather  large  right  valve  about  twelve 
millimetres  long,  but  with  only  its  interior  exposed. 


Caiffmi'M  Niagartntig  ?  Hall. 

Calsment  Blvmeiitachii,  Billiiigfi,  pin  ;  but  perhaps  not  of  Bron^iart. 

Small  island  in  the  northern  Sutton  Mill  lake  :  an  imperfect  bead 
that  is  probably  referable  to  this  species,  though  it  shows  little  more 
than  a  cast  of  the  glabella,  which  is  proportionately  wider  in  front 
than  that  of  average  examples  of  C.  NiagartTtsis  from  the  Anticoeti 
group  of  Ajiticosti.  The  Canadian  Calymenes  that  E.  Billings  identified 
with  C.  Blamenbaehii  Kn  now  usually  referred  to  four  species,  viz., 
C.  unaria,  Conrad,  from  the  Trenton  limestone ;  C.  callicephala, 
Green,  from  the  Hudson  River  group ;  C.  Niagarensis,  from  the  Nia- 
gara, Ouelph  and  Lower  Helderberg  formations  and  from  the  Anti- 
costi  group ;  and   C  platys,  Green,  from  the  Corniferous  limestone. 
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Ulanut,  sp.  tndet. 

ELwan  river  :  middle  r&pids,  one  pygidinm  ;  foot  of  port«£« 
road,  three  glabellte  &nd  four  pjgidift  ;  portftfte  road  at  falls,  one  pjgi- 
dium.  The  doraal  furrows  of  these  three  glabelln  are  well  defined,  but 
the  shape  and  position  of  the  eyes  or  ocular  lobes  are  not  well 
shown  in  either. 

Br<nUeM  EhoanemU,  ap.  nnv. 

Pjgidinm  very  lar;^  attaining  to  a  length  of  a  little  more  than  four 
inches  and  a  little  longer  than  wide,  longitudinally  and  broadly  subel- 
liptical  but  truncated  anteriorly,  its  posterior  end  Deing  rather  narrowly 
rounded  and  its  lateral  margin  nearly  straight  on  each  side  anterior  to 
tbemidlength.  Ajcis moderately  convex,  iaverMlysabtnangular.  longer 
dwn  wide,  with  an  obtuite  apex,  occupying  more  than  one-third  but  leas 
than  one-fourth  of  the  entire  length  of  thepygidiumand  marked  with  a 
transverse  groove  near  its  anterior  margin.  Pleural  r^on  most  pro- 
minent at  and  near  the  inidlength  of  each  of  the  pleura)  ribs,  decreasing 
abruptly  in  convexity  outward  to  the  lateral  margins  of  the  pygidium, 
but  much  more  gradually  so  to  its  posterior  margin  ;  marked  by  fifteen 
large  flattened  convex  radiating  ribs,  with  narrow  grooves  between 
them  ;  each  rib  being  narrow  at  and  near  the  axis  and  wider  at  some 
distance  from  it,  though  all  the  rilM  fade  out  at  a  short  distance 
from  the  margin  and  before  reaching  it.  The  median  rib  is  shallowly 
bifurcate  posteriorly. 

Surface  apparently  smooth.  Cephalon  aud  thoraic  s^ments  un- 
known. 

Ekwan  river :  lower  rapid  one,  imperfect  pygidium ;  middle  rapid,  the 
largest  and  most  perfect  pygidium  collected  ;  and  foot  of  portage  road, 
one  imperfect  pygidium  and  two  fragments. 

Bronleue  aquilonarit,  sp.  nov. 

Pygidium  of  medium  size,  apparently  not  exceeding  an  inch  and  a 
half  in  width,  transversely  subtiUiptical  and  much  wider  than  long,  with 
an  almost  Hat  but  slightly  ccnvex  axis,  and  still  flatter  pleural  roiiion. 
Axis  short,  inversely  sub  triangular,  with  on  obtuse  apex  and  aomewlw.t 
conciLve  sides,  near'ly  t  n'ice  as  wide  as  long,  almost  smooth  but  marked 
with  one  transverse  furrow  near  the  anterior  margin ;  median  rib  a 
little  wider  th.in  any  of  the  lateral  ribs  and  bifurcate  posteriorly  ; 
lau-riLl  ribs  seven  on  each  side,  straight  and  flattened  convex,  all  o'  the 
ribs  fading  out  before  reaching  the  margin. 

Surface  apparently  smooth.  Cephahm  and  thoracic  segments  un- 
known. 
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■  Ekwan  river:  portage  rood  at  falls,  three  pygidia,  each  with  the 
axis  imperfect ;  aod  foot  of  portage  road,  one  pygidium  with  the 
uds  well  preeerred. 

BronUus  Nitxgarmttii,  Hall,  from  the  Niagara  limestone  ol  Ontario, 
baa  a  much  larger  pygidimn,  with  the  midrib  entire  and  contracted  at 
its  midlength,  while  the  Uteral  riba  are  wider  and  Sexaoua.  B.  aeanitu. 
Hall,  from  "  limestone  of  the  Niagara  group  at  Wisconsin  "  and  Ontario 
(which  S.  A.  Miller  says  is  a  synonym  of  B.  occasug  of  Winchell  and 
Marcy)  has  a  mach  larger  and  more  pointed  pygidium,  with  an  "  enti- 
rely simple  "  and  undivided  midrib.  B.  intularie  of  Billings,  from  the 
Anticosti  groap  of  Anticoeti,  is  a  diminutive  species  with  a  pygidinm 
less  than  half  an  inch  wide  and  wider  than  large ;  while  B.  PompUiua, 
Billings,  from  the  Silmian  {Upper  Silurian)  rocks  at  Fort  Daniel,  has  a 
small  pygidinm  with  a  "lon^tudiual  median  lobe  in  the  axis." 

CM-aurui  TarqniniuB  (Billings). 

Ckeirurvt  Targumiul,  BillingB.  1863.  Froc.  Portland  Nftt.  Hist.  Soc.,  vol.  j,  p. 
131,  fig.  23. 

Ekwan  river :  portage  road  at  falls,  and  foot  of  portage  road.  At  each 
of  these  localities  two  heads  were  collected,  which  seem  to  be  essentially 
similar  to  the  types  of  C.  Tarquinius,  from  Port  Daniel,  in  the  Museum 
of  the  Survey,  thoogh  the  characters  of  the  posterior  angles  of  the 
cephalon  of  that  species  are  still  ankaown.  In  the  Ekwan  river 
Bpecioiens,  the  eyes  are  opposite  the  second  lobe  of  the  glabella,  the 
cheeks  are  coarsely  panctured,  and  each  oi  the  posterior  anglee  of  the 
oepbalon  ends  in  a  short  spine. 
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Littof  pfanU  eollecud  by  Mr.  D.  B.  DouHug  at  the  mouth  of  the 
Skuxm  and  Albany  rivert,  JSHl. 

BY  .rOHX  MACOIIN,  JI.A.,  K.L.S. 

Though  Mr.  Dowliii<,'  onlj  coUected  41  specks  of  floweriug  plants 
the  collection  in  ia  sevt^ral  rospecU  an  interesting  one.  In  the  first 
place  no  plants  li.id  previously  been  obtained  frum  the  we~t  coast  of 
James  bay  as  far  north  as  the  Ekwan  river,  so  that  the  mnge  of  every 
species  collected  has  been  extended.  No  truly  Arctic  plants  were 
obtained,  but  on  the  other  hand  there  were  several  species  which  require 
a  temperate  climate.  Atnongbheacaro  La'/iyrugpalnttris,  Rosa Uanda, 
Uerteiuia  panieu/ata  and  Erynmnm  cheiranthoidet. 

One  of  the  most  int«resting  plants  in  the  collection  is  the  rare 
Pyretltrum  bipinnalum  only  found  in  Cunada  in  the  Hudson  bay 
region.  Other  intflre4ting  species  are  Primula  elrir.ta,  Ci/pripedium 
passerinuiH,  C'trejc  tur/'osn,  and  Poa  a/pitia. 

1.  Anemofw  multifido,  ?uir.  SI.  Tarav.-iciiin  uHiciiinli',  L. 

Z  Aneuioiw  pMvitlora,  Ux.  22.  I'rimul.t  fntinomi,  L. 

3.  lUniiiiculiu  circinaCiiH,  Mibth.  23.  Priiiiiils  atricla,  Hum. 

4.  BrmykpurpUTMoena,  BiiDgt?.  24.   MerU'iwik  jianiculatA,  Uun. 

5.  Krysiniuni  uheinnthnided,  L.  2.1.  PiivliculBriH  (irneiilandica,  Retz. 
&  Strllkrik  lonfiiiw,  Coldie.  26.  Caxtilleia  |>aUida,  Kunth. 

7.  iMthjmtfaiaatrui,  L.  2i.  Pinguicula  vulffaris,  L. 

H.  U«);uniin  M»:kpnKii,  Rich.  28.  Plimta^  maritime,  L. 

9.  Potentilla  Aiuerina,  L.     Vtr.  Gnrn-  2S.  Cyprip^ium  pMwrinuiii,  Ricli. 

landioa,  Sbd.  30.  Hnbenari*  dilaUU,  Gray. 

lU.  Futuntillia  [niticuw,  L.  31.  Habc-naria  hyiHrborca,  K.  Br. 

II.  Pragaria  VirKioiana,  Duch.  32.  Siityrinchiuiu  angtistifolium. 

12;  Rwa  blanda.  Ait.  33.  Allium  K<'h.pnoprMum,  L. 

13.  Kiibua arcticiu,  I^  S4..  Jiiocu^  BatCicUH,  Willd. 

14.  Haraaltnim  lanaCum,  Mi.  H5.  TrxgVi-hin  maricinium,  L. 
ISu  AchiIU«MilMolmij>.L.,vir.  nignv-  3G.  Caivx  maritiinn.  MuU. 

.eeni,  L.  37.  Carpi  turfwia  Fri™. 

16.  AruiinUla  Canadpnais  Mi.  .18.  Erio]>homiii  pulyntachyon,  L. 

17.  Brigtiron  hyHOiiifoliUK,  Mx.  3tt.  KlymuK  niolliK,  Trin. 
la  Senucio  Bal»mits?.  T.  ft  G.  40.  Pvu  aliiina,  L. 

19.  Senecio  p^uatriii,  Ht»k.  41.  Pua  arctlcn,  R.  Br. 

30.  Pyicthnim  hitiinnaluTn,  Willd. 


ib.  Google 


GEOLOGICAL  STJBVET  OF  OAKADA 

ROBERT  BELL,  M.D.,  D.Sc.  (Cantab.),  LLD.,  F.R.S.,  I.S.O. 


EEPOET 
OKIGIN,  GEOLOGICAL  RELATIONS  ANB  COHrOSITIOK 

NICKEL  AND  COPPER   DEPOSITS 
SUDBURY  MINING  DISTRICT 

ONTAKTO,  CANADA 
ALFRED  ERNEST  BARLOW,  M.A,  D3c. 


OTTAWA 

PBINTED  BT  8.  &  DAWSON.  PRINTER  TO  THE  KING'S  MOST 

BXOBLUENT  MAJESTY 

1904 


ib.Googie 


ib.Google 


To  RoBBET  Bell,  M.D.,  LL.D.,   D.Sa  (Cantab),  F.R.S.,  I.S.O. 
Actiog  Director,  Geological  Survej  of  Canada. 

Sir, — Ibeg  to  traDsmit,  herewith,  my  report  on  the  Origin,  Clealogical 
Relations  and  Compositian  of  the  Nioket  and  Copper  Deposits  of 
SudbtUTi  Ontario.  The  report  also  includes  brief  references  to  the 
character  and  extent  of  all  the  more  important  aickel  deposits  of  the 
world,  with  a  general  statement  of  their  production  and  methods  of 
smelting  and  refining.  Details  of  the  mining,  smelting  and  refining 
operations  of  the  Sudbury  ores  are  furnished,  as  well  as  complete 
statistical  tables  of  production,  prices,  uses  and  compoution  of  the 
nickel  of  commerce.  It  is  belieTed  that  the  report  will  serve  to  bring 
together  in  one  volume,  all  of  the  more  valuable  and  critical  original 
investigations  in  regard  to  these  immense  and  apparently  inexhaustible 


Canada  has  at  last  realized  the  true  importance  and  value  of  these 
mines  and  has,  within  the  last  year,  taken  her  position,  from  which 
she  will  not  recede,  of  being  the  largest  producer  of  nickel  in  the 
world.  Hoping  the  present  report  will  satisfy  the  demand  which  has 
existed  for  some  time,  for  detailed  and  accurate  information  in  regard 
to  these  ore  bodies, 

I  have  the  honour  to  be,  Sir, 

Your  obedient  servant. 


ALFRED  ERNEST  BARLOW. 


Qbolooigvl  sdbtbt  ofeicb, 
Ottawa,  jdlt  4th  1904. 
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THE  NICKEL  AND  COPPER  DEPOSITS  OF 
SUDBURY,  ONTARIO. 


Alfred  Ebnest  Bablow,  M.A.,  D.  St 


Ten  years  having  elapsed  since  the  appearance  of  the  first  oEGciol  Reuoiu  for 
mid  detailed  account  of  theae  famons  ore  bodies,  (')  coupled  with  the  ^,,eut  wwk. 
fact  of  a  renewed  and  even  increased  interest  and  activity  in  the  min- 
ing of  nickel,  marked  the  time  as  most  opportune,  when  another  attempt 
shonld  be  mode  to  arrive  at  a  more  accurate  and  complete  understand- 
ing of  the  true  nature  and  extent  of  these  deposits  which  have  proved 
such  a  valuable  asset  to  Canada.  Besides,  the  first  edition  of  the  map 
of  the  Sudbary  Mining  District,  published  in  1891,  to  accompany  a 
report  by  Dr.  Robert  Bell  on  the  geology  of  this  area  (')  had  nearly 
all  been  diBtribut«d,  and  this  in  spite  of  the  fact  that  the  Bureau  of 
Uines  of  Ontario  bod  on  several  occasions  isaaed  special  editions  of 
practically  the  same  geological  map,  to  accompany  the  Annual  Reports 
of  their  department,  as,  for  instance,  in  the  years  1892  and  1900.  In 
addition,  it  was  felt  that  although  the  zeneral  accuracy  and  usefulness 
■of  this  map  had  never  been  questioned,  it  was  lacking  in  certain  details 
which  are  now  known  to  be  of  the  first  importance  and  which  are 
most  essential  for  a  proper  interpretation  and  judgment  of  these  depo-  Continuitj'  of 
sits.  Thus,  on  the  first  map,  the  intrusive  mass  with  which  the  Chi-  aorti,^"" 
cago  and  Victoria  Mines  occur,  is  entirely  separated  from  a  band  of 
similar  rook  along  the  southern  borders  of  which  the  Gertrude,  Creigh- 
ton  and  North  Star  deposits  are  situattnl,  whereas,  it  has  now  been 
ascertained  that  all  of  these  properties  are  developed  along  the  south- 
ern boundary  of  one  large  and  continuous  band,  constituting  the  south- 
em  or  principal  belt  of  the  nickel  bearing  eruptive.  Again,  on  this 
first  map,  no  distinction  in  drawn  between  the  masses  or  belts  of  nickel 
bearing  norite,  and  certain  older  hornblende  porphyrites,  diorites  and 
green  schists,  which,  although  closely  related  to,  and  often  resembling 

(1)  Aqd.  Bep.  GeoL  Sur.  Can.,  VoL  V,  part  S,  1K90-9I,  pp.  122-138. 

(2)  Ann.  Rep.  Geo).  3ur,  Can.,  VoL  V,  part  F,  1890-91,  pp.  1-96. 


i  by  Google 


6  OBOLOQICAL   SURVST   OF 

the  uorite,  are  altogether  barren  of  deposits  of  tbe  valnable  aalphide 
material.  This  resemblance  is  particularly  strikiag  when,  as  ia  fre- 
qaentlj  the  case,  both  have  aadergone  more  or  leas  pronounced  meta- 
The  norite  a  morphism.  It  is,  therefore,  not  Burpnsing  that  in  the  first  instance 
({iai  omt.  they  were  coafonnded  and  mapped  together.  Moreover,  the  presence 
of  the  norite  as  a  distinct  geological  unit  was  not  suspected  until  long 
after  this  first  work  was  completed,  the  associated  greenstones  being 
considered  as  portions  of  the  norite,  which  had  been  metamorphosed 
by  the  intruaien  of  the  younger  granite  mosses.  Bven  the  Buretin  of 
Mines'  map  of  1902,  which  should  have  furnished  the  latest  informa- 
tion in  regard  to  this  area,  made  no  attempt  whatever,  either  to  oorreot 
tbe  more  glaring  inaccuracies  in  the  geological  boundaries,  or  to  trace 
out  the  important  line  of  separation  between  the  nickel  bearing  erup- 
tive proper  and  the  closely  related,  though  barren  greenstones. 

Limitofnew  In  Undertaking  this  new  work,  it  was  felt  that  by  confining  opera- 
work,  tions  as  closely  as  possible  to  the  area  characterized  by  the  presence 
of  the  sulphide  bearing  norite  and  other  kindred  eruptivee,  a  more 
accurate  knowledge  would  be  obtained  of  the  mineralogical  composi- 
tion, structure  and  age  relations  of  the  various  rock  masses,  while  at 
the  same  time  the  boundaries  between  the  several  formations  could  be 
drawn  with  a  much  greater  degree  of  precision. 


Mines  aiid 
Sudbury 


Two  map  sheets  hare  been  prepared  to  accompany  this  report,  called 
respectively  the  "Victoria  Mines"  and  "Sudbury"  maps,  each  on  a  scale 
of  one  mile  to  an  inch.  The  former  covers  an  area  of  220  and  the 
latter  210  square  miles,  making  a  total  of  430  square  miles.  The  prin. 
cipal  new  work  on  the  Victoria  mines  map  has  been  the  outlining  of 
the  two  smaller  bands  of  norite  south  of  the  Canadian  Pacific  Rail- 
way. One  of  these,  crossing  the  southeast  corner  of  Drury,  extends 
completely  across  the  southern  part  of  the  township  of  Denison. 
This  band,  which  oomes  to  an  end  east  oE  the  Vermilion  river,  con- 
tains the  Worthington,  Mitchener  and  Totten  mines.  The  first 
mentioned  of  these  mines  is  famous  as  having  produced  the  richest 
nickel  ore  in  the  dbtrict.  On  the  other  band,  which  forms  the  promin- 
ent ridge  to  the  south  of  McCharles  and  Simon  lakes  on  the  Whif>e- 
fish  Indian  Reserve,  no  deposit  of  any  eoonomic  .importance  has  been 
found.  The  boundaries  of  the  intrusive  mass  of  younger  granite 
which  extends  across  the  northern  and  central  parts  of  Orahom  town- 
ship, and  thence  into  Snider  and  Waters  townships,  have  also  been  oat- 
lined  with  considerable  care.  It  is  to  be  regretted  that  time  did 
not  permit  the  separation  of  the  norite  and  the  older  greenstones  and 
schists,  but  the  ^ologicsl  work  done  in  1 901  was  intended  to  cover  the 
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whole  of  the  southern  belt  in  one  saagon,  snd  »t  the  time  It  wu  consi- 
dered more  important  to  ascertain  defloitely  the  continaity  or  other- 
wise of  the  southern  or  main  oickel  range,     l^e  main  mass  of  the 
norite,  therefore,  which  runa  northeast  from  the  Victoria  mines,  was 
followed  through  the  northern  part  of  the  township  of  Deniaon,  and 
thence  across  the  Vermilion  river  into  the  sonthern  part  of  the  town- 
ship of  Creighton,  thus  making  connection  with  the  other  mass  of 
similar  basic  intrusive  rOcks,  which  had^been  shown  on  geological  maps 
previously  issued.    With  the  exception  of  a  somewhat  critical  examin- 
ation of  some  of  the  outcrops  of  the  pectdisr  differentiatioa  product, 
or  "micropegmatite  "  phase  of  the  norite,  exposed  on  the  shores  of  Skill 
and  Fairbank  lakes,  no  new  work  has  been  done  in  the  northwestern 
and  western  parte  of  this  area,  and  the  outlines  of  the  formations  are 
reproduced  from  the  old  goolt^oal  map. 
The  geology  of  the  region  comprised  in  the  8udbnry  map  sheet,  has  RevUion  of 
,  all  been  revised,  with  special  attention  to  tracing  out  the  boundaries  of  sudSury  krot. 
the  various  masses  of  norite  and  separating  this  nickel  bearing  erup- 
tive from  the  older  greenstones.     This  map  will  serve  to  show  in  a 
very  emphatic  manner,  the  intimate  association  of  this  peculiar  eruptive, 
and  the  various  nickel  deposits,  and  the  invariable  development  of  the 
latter  along  the  line  of  junction  between  this  and  the  neighboring 
rocks.     In  addition  to  those  two  map  sheets,  which  exhibit  on   an 
adequate  scale  not  only  the  general  geological  features,  bat  also  the  MininK  geolo- 
relative  position  of  all  the  more  important  mines,  there  are  three  other  ^      ^     ^ 
maps,  each  on  a  scale  of  400  feet  to  an  inch,  which  may  be  referred  to 
as  mining  geological  plans.    These  have  been  prepared  with  more  care, 
and  all  details  of  topography,  buildings,  openings,  eta,  have  been  laid 
down   as  accurately  as  poseible  from  surveys  made  by  means  of  the 
transit  and  cbatn.     They  are  expected  to  be  of  especial  value  to  the 
iodividual  companies  whose  properties  they  represent,  but  at  the  same 
time,  they  will  illustrate  in  detail  many  of  the  characteristic  features 
of  association,  which  most  of  these  deposits  possess  in  common  with 
one^  another.     The  two  sheets  showing  the  district  in  the  vicinity  of  Area  of 
the  International  Nickel  Company's  mines  at  Copper  Cliff,  and  extend-  S^^""  '^''' 
ing  from  Kelley  lake  on  the  south  to  the  Lady  Violet  mine  on  the 
north,  cover  an  area  of  about  9  square  miles.     The  third  map  sheet 
which  shows  the  geology  in  the  neighbourhood  of  the  Murray  and  Elsie 
Mines  as  well  as  the  position  of  the  various  mining  buildings,  covers 
an  area  of  nearly  two  square  miles.     The  following  bulletin  is  based  Murray  uid 
mainly  on  the  field  work  carried  on  during  the  seasons  of  1901  and  map. 
1902.     A  short  account  of  what  was  accomplished  each  year   has 
already  appeared  in  the  Nummary  Reports  of  the  Geological  Survey 
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Department,  (^)  In  addition  to  this  and  other  information  which  has 
appeared  from  time  to  time  in  the  official  publications  of  the  Geologi- 
cal Surrey  Department  and  the  Bureau  of  Minea  of  Ontario,  certain 
details  of  original  investigation,  which  throw  much  additional  light  on 
the  origin  and  aaaociatioa  of  these  deposits,  have  appeared  in  variona 
scientific  periodicals,  many  of  which  are  not  very  easy  of  acceas  to  the 
Othra  inform-  ordinary  reader.  It  has  been  the  purpose  of  the  writer,  in  the  pi«parB- 
included.  t>on  of  the  following  report,  to  bring  together  and  make  use  of  much  of 
this  widely  scattered  informstion,  and  by  thus  supplementing  his  own, 
render  the  present  publication  of  wider  application  and  greater  service 
to  the  public. 

In  carrying  out  the  Geld  work,  the  author  was  materially  aided 
by  Dr.  Lndwig'  Mond  of  London,  England,  under  an  agreement  by 
which  be  was  partially  relieved  from  his  duties  on  the  Survey,  during 
the  six  months  from  July  1  to  December  31,  1901. 
Work  of  Mr.  Much  of  the  accuracy  which  the  accompanying  maps  are  believed  to 
JuuM  White,  possess,  is  due  to  the  efforts  of  Mr.  James  White,  Dominion  Geographer, 
who  kindly  undertook  the  direction  of  the  surveys  necessary  tor  a 
detailed  mapping  on  a  large  scale  of  the  area  examined.  This  included 
in  1901,  a  traverse  by  means  of  trannlt  and  steel  band  chain,  of  the 
main  line  of  theCanadian  Pacific  Railway,  from  Wanapitei  station  to 
the  northern  boundary  of  tbe  township  of  Dowling,  a  short  distance 
northwest  of  Onaping  station.  The  "Sault"  branch  was'  similarly 
surveyed  from  Sudbury  Junction  as  far  west  as  Worthington  station- 
Connection  was  made  with  the  observatory  at  Rayside,  occupied  by 
Astronomer  0.  J.  Klotz.  The  position  of  this  ti^mporary  observatory, 
Work  bvIAsL  in  the  township  of  Rayside  is  stated  by  Mr.  Klotz  to  be  606  feet  west 
O.  J.  KlotK.  ^1  (^jjg  jjijg  between  lots  2  and  3,  in  con.  1,  and  441  feet  north  of  the 
centre  line  of  tbe  Canadian  Pacific  Railway.  Its  astronomical  position, 
as  determined  by  Mr.  Klotz  is  Long.  81°,  05',  38"  W.  and  Lat.  46°, 
33',  47"  N.  This  position  was  accepted  and  the  projection  of  the  map 
framed  in  accordance  therewith.  In  1902,  Mr.  White  carried  on 
similar  detailed  surveying  necessary  for  the  preparation  of  the  two  large 
scale  map  sheets  of  the  area  in  the  vicinity  of  the  International  Nickel 
Company's  mines  at  Copper  Cliff. 

Wnrk  b;  0.        In  the  whole  of  this  work,  the  author  had  the  advantage  of  the  zealons 
I*">y-        and  able  assistance  of  Mr.  O.  E.  Leroy,  M.  A.  Sc,  formerly  Demons- 
trator in  Geology  at  McOill  University,  Montreal,  and  this  oppoi^ 
tunity  is  taken  to  express  his  keen  appreciation  of  Mr.  Leroy's  untiring 
efforts  to  promote  in  every  way,  the  objects  of  the  work. 
(i)  Sum.  Rep.  GeoL  Ciur.  Can.  (1901)  pp.  141-H5,  (ltf02)  pp.  262-267. 
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By  kind  permissioa  of  Dr.  J,  B.  Porter,  and  with  the  approval  of  the  Wor^t  by  W. 
University  authoritiea,  the  magnetic  separation  of  these  ores  was  carried     '    *'  ""^ 
■on  in  the  mining  laboratories  of  McOill  University  by  Mr,  W.  M. 
Ogilvie,  B.a!  8c. 

Most  of  the  assays  and  analyses  are  the  work  of  Mr.  Donald  Locke,  Wmk  by  Do- 
a  graduate  of  the  School  of  Mines,  Freiberg,  Gernjany,  who  for  a  short  '^<'  ^^'^'■■ 
time    vas  attached  to  this  department  as  metallurgist  and   assayer. 

The  autlior  desires  to  express  thanks  for  information  &nd  assietaoce 
to  Dr.  LndwigMond,  Dr.  BernhardMuhr  and  other  officials  of  the  Mond  Acknovledg;- 
ITickel  Company;  to  President  A.  P.  Turner,  Captain  Lawson  and  *" 
-other  officers  of  the  International  Nickel  Company,  resident  at  Copper 
Cliff,  Ont. ;  to  the  representatives  of  the  Lake  Superior  Power  Compa- 
ny, Great  Lakes  Copper  Company  and  H.  U.  V  man  and  Company, 
who  were  stationed  in  the  district.  It  wonld  be  difficult  to  mention 
by  name,  all  those  who,  either  with  information  or  'otherwise,  have 
assisted  in  the  object  of  these  iovestigationa,  but  the  author  would  like 
in  this  connection  to  express  his  deep  gratitude  to  the  residents  of 
Sudbury,  Copper  Cliff  and  Victoria  Mines,  who  showed  him  the  great- 
est kindness  and  consideration  during  his  sojourn  in  their  midst. 

Previous  ExAUiKATiotrs  and  Descbiptioxs. 

The  literature  in  regard  to  the  nickel  and  copper  deposits  of  the  Hepogjta  of 
Sudbury  mining  district,  has  already  reached  such  Urge  proportions,  scientific  mnd 
that  it  seems  advisable  in  pastini,' to  make  brief  mention  of  some  of  the  interen. 
principal  publications,  which  show  evidence  of  original  research,  the 
results  of  which    have  added  materially  to    our  knowledge  of  the 
nature  of  the  occurrences  of  these  immense  ore  bodies.  These  deposits 
of  pyrrhocite,  with  their  unusually  high  content  of  nickel,^and  intimat- 
ely associated  chal  copy  rite,  are  of  importance,  not  only  from  the  econo- 
mic Btandpoint,  but  also  from  the  point  of  view  of  science,   as  having 
furnished  snob  strong  presumptive  evidence  for  regarding  these,  and 
similarly  related  deposits  as  of  igneous  origin,  and  due  to  processes  of 
differentiation  in  the  original  magma,  from  which  they  and  the  asso- 
ciated eruptive  rocks  have  solidified. 

The  discovery  of  nickel  at  the  Wallace  mine  in  1846,  (•)  although  jjigroveryof 
creating  some  excitement  at  the  time,  was  soon  forgotten,  as  well  as  ?J.'^'^f' " 
the  prediction  which  has   since   been   amply   verified,  that    deposits  mine. 
-of  both  nickel  and  cobalt  of  economic  importance  wonld  yet  be  located 

(1)  aep.  of,  Profr«M,GTOl.Sur.CMi.,lS4B-l9,  pp.01  G3;Geol  oE  Can,  1863,  p.SOe. 
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in  thia  region.  Atteation  was  Again  drawn  to  the  subject  by  the  finding; 
in  1856  (')  of  nickel  and  copper  on  Salter's  meridian  line,  a  little  over 
six  miles  north  of  Whiteflsh  lake,  and  le^s  than  half  a  mile  southwest 
of  the  main  pit  of  the  present  celebrated  Creighton  mine,  probably  the 
Early  di«co-     largest  deposit  of  nickeliferona  pyrrhotite  in   the  world.     This  was 
n^  Cro^Kh-^  t^in  lost  sight  of  or  the  discovery  considered  of  no  importance,  per- 
ton  Dime.         haps  because  of  the  meagre  information  in  regard  to  its  occurrence, 
but  more  likely  on  account  of  the  wild  and  iooccesaible  nature  of  the 
Inaocesaible     district,  in  which  the  deposit  had  been  found.     The  opening  of  the 
eoimtiy  before  Canadian  Pacific  Railway   quickly  changed  these   conditions,  and  in 
^  C*  F^      less  than  ten  years  from  the  first  opening  of  thia  means  of  access  to  the 
district,  all  the  mines  which  are  at  present  working  had  been  located. 
Fint  Bt»tu.         The  first  statistics  concerning  these  deposits  which  were  published, 
related  to  the  export  of  copper  ore  in  1886,  amounting  to  3,307  tons^ 
with  a  declared  customs  value  of  {16,  404  {").     In  1887,  this  quantity 
bad  doorMsed  to  567   tons,  valued  at  23,416  (').    The  discovery  of 
nickel  in  the  ore  about  this  time,  decided  the  Canadian  Copper   Com- 
pany to  inatal  the  necessary  plant  for  the  production  of  nickel  and 
copper  matte,  and  in  the  preparation  for  this  and  other  mining  develop' 
ment  work,  no  exports  are  recorded  from  thia  district  in  1888. 
DoKTiptioDi         In  October,  1887,  Mr.  J.  H.  Collins  visited  the  Sudbury  region  to 
(^Ui'nB. '  exnmine  into  the  extent  and  economic  possibilities  of  the  so-called 

copper  mines.  On  June  6th,  1888,  he  read  a  paper  before  the  Geolo- 
gical Society  of  London,  '  On  the  Sudbury  Copper  Deposits,'  in  which' 
he  embodied  the  results  of  these  examinations,  which,  however,  seem 
to  have  been  restricted  mainly  to  the  area  in  the  immediate  vicinity  of 
the  Copper  Cliff  and  Stobie  mines.  Anabstract  of  tbispap^r,  was  after 
wards  published,(*)  accompanied  by  two  cross  sections  of  the  mines- 
above  mentioned,  showing  the  geological  association  and  position  of 
these  deposits.  The  author  considers  the  main  ore  bodies  to  have  been 
the  result  of  secondary  action,  the  sulphides  occupying  fissures  along 
certain  linei  of  weakness,  produced  by  the  intrusion  of  igneous  material. 
Mr.Attwood'a  In  the  discnssion  that  followed,  Mr.  Attwood  stated  his  conviction 
""  ™*  that  the  diorites  had  brought  up  the  metals.     At  the  end  of  the  paper, 

a  note  is  added  bearing  the  date  of  October  22nd  1888,  that  the  ore 
of  the  Evans  mine  contains  Copper  3%,  Nickel  3.5%,  Iron  40%, 
Sulphur  24%,  Rock  29.5  %. 

(1)  Rep.  of  Fruffrvsa,  Ueol.  Sur.  Can.,  1853-S6,  pp.  lSO-181. 
(2J  Ann.  Rtj).  Geo.  3ur.  Can.  I89fi,  Part  S.  p.  25. 

(3)  .,        l&«7-88.  Part  S,  p,  21. 

(4)  Qtmrt.  Jour,  fieol.  Soc,  Lon..  Vol,  XLIV,  ISHB.  pp,  834-838. 
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In  October,    1888,   Mr.   Francia   L.  Sperry,  then  chemist  to  the  Discovery  of 
Caoadiaa  Copper  Computy,  sent  a  amftll  quantity  of  what  seemed  a  S^^'apei^. 
ramarksble  mineral  to  Frofeasor  H.  L.  'Wells,  of  the  Sheffield  Boien- 
tific  School  at  New   Haveo,  Conn.     A  few  teats  sufficed  to  show  tha^^ 
the  subslaQca  was  essentiolty  an  arsenide  of  platinum.    Several  ounces 
of  this  mineral  had  been  obtained  in  milling  certain  loose  material 
(gosuAu),  aamciated  with  the  sulphides  at  the  YermUion   mine  in  the  D««;ription  ot 
township  of  Decison.     A  complete  statement  of  facts  relative  to  its  Profs.  We!li> 
composition,  physical  characters  and  crystallograpfaic  behaviour,  was '"'     «"  •   ■ 
prepared  by  Profs.  Wells  and  Penfield,  who  proposed  the  name  '  sperry- 
lite '  for  this  new  mineral  in  honour  of  its  discoverer.  (^) 

About  the  same  time,  Profs.  Clarke  and  Catlett  (^)  of  Washington,  Discovery  of 

■  *    -  ■"—  '  '  '  ,  •      -  *     .  "i>lydyiijite  b]r 

rofs.  Cll  '  - 
od  CatU 

Company.  From  one  source,  they  obtained  two  masses  of  sulphides  to 
be  examined  for  nickel  and  copper,  from  the  other  came  similar  sul' 
phides,  together  with  a  series  of  soil  and  gravel-like  material  (gossan), 
seven  samples  in  all.  In  the  latter  case,  an  examination  for  platinum 
was  requested,  and  in  five  of  the  samples  above  mentioned,  it  was  found 
the  gravel  yielded  74*85  02s.  of  metals  of  the  platinum  group  to  the 
ton  of  2,000  lbs.  The  sulphide  ores  were  all  of  a  similar  character. 
They  consisted  of  mixed  masses,  in  which  a  gray,  readily  tarnishing 
substance  was  predotninaat,  with  some  ohalcopyrite,  possibly  some 
pyrite,  and  a  very  little  quartz.  An  analysis  of  carefully  selected 
material  of  the  nickel  mineral,  showed  its  formula  to  conform  in  gene- 
ral with  that  of  polydymite,  which  had  previously  been  described  by 
Laspeyres  from  Oriinau,  Westphalia,  of  which  it  is  evidently  a  ferri- 
ferous variety. 

At   the    Bnfi^lo   meeting  of  the   American    Institute   of  Mining  P^r  b;  Vf. 
Engineers,  W.  H.  Merritt,  Toronto,  contributed  a  paper  on    '  The  1.  Memtt. 
Minerals  of  Ontario  and  their  Development',  in  which  he  includes  a 
brief  description  of  the  Sudbury  deposits.  (*) 

In  the  Summary  Report  of  the  Qeological   Survey  for  1888,  Dr.  ExBininfttinn* 
Bell  (*)  mentions  that  'the  modes  of  occurrence  and  the  geological  ^„g  ^^ 
relations  of  the  economic  minerals  of  the  districts  examined  (between  ^'1 '"  f^- 
I<ake  Huron  and  Montreal  river)  were  carefully  studied.    Tbemetals 

fllAmer.  Jour.  8c.,  Vol.  XXXVII,  18fl9.  pp.  87-73;  &1m>  Zeit.  fiir  Kryst.  VoL  XV, 
pp.  285  uid  290-391. 
(2)  Araer.  Jour.  Sc  Vol.  XXXVII,  1889.  pp,  872-874. 
(3),Traiia.  Amer.  Imt.  Min.  Eog.,  Vol,  XVII,  1888-89,  pp.  293-300. 
(4)  Ann.  Rep.  Geol.  Sur.  Can.  1887-88,  p.  7<t  A. 
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which  give  most  promise  are  the  copper  and  nickel  deposits  which  have 
been  worked  for  the  last  three  years  near  Sudbury  '.  Again,  in  the 
report  for  1869,  Dr.  Bell,  (>)  after  a.  brief  sketch  of  the  geology  of  the 
area  included  in  the  Sudbury  map  sheet,  gives  a  tew  notes  on  the  cha- 
racter and  mode  of  occurrence  of  these  deposits,  as  also  the  progress  of 
the  mining  and  metallurgy  which  were  then  in  vigorous  operation.  Ho 
viewed  the  pyrrhotite  a  sa  true  nickeliferous  variety,  in  which  some  of 
the  iron  is  replaced  by  nickel.  The  deposits  are  described  as  '  stock- 
works  '  in  which  the  vein  structure  is  very  obscure.  The  ore  bodies 
are  regarded  as  usually  occurring  in  some  form  of  diifrite,  the  concen- 
tration of  the  ore  being  perhaps  connected  in  eome  way  with  certain 
diabase  dykes  which  were  in  some  cases  seen,  near  the  deposits. 

At  the  Ottawa  meeting  of  the  American  Institute  of  Mining  En- 
gineers,  held  in'October,  1889,    Dr.  K  D.  Peters,   who  had  charge  of 
the  operations  at  the  Canadian  Copper  Company's  mines  near  Sudbury, 
read  a  paper  'On  the  Sudbury  Ore  Deposits '.  (^)    He  opens  with  a 
short  and  very  general  statement  of  the  geological  conditions,  makes  a 
passing  mention  of  the  two  principal  sulphides  which  constitute  these 
deposits,  and  devotes  the  rest  of  his  paper  to  a  description  of  the  equipi- 
ment  and  methods  of  mining  and  metallurgy  pursued  by  the  oompaoy 
of  which  he  was  the  manager. 
Rer<^rence  b}'        III  1890,  as  one  of  the  Royal  Commis^iioners  to  inquire  into  the 
&r  Bfll  ill      mineral  resources  of  Ontario,  Dr.  Robert  Bell  of  the  Geological  Survey 
of  Canada,  in  the  treating  of  the  >'  Geology  of  Ontario  with  special 
reference  to  economic  minerals,"  devotes  some  attention  to  the  nickel 
and  copper  deposits  of  the  area  in  the  vicinity  of  Sudbury.  (") 
Rpiwrtb)-  In  1891  (*),  Dr.  Bell  described  in  greater  detail    the   nature  and 

1891  on  'Sud-  extent  of  these  deposits  and  also  their  geological  relations,  giving  the 
liiiry  MminR  results  of  the  field  work  of  the  Geological  Survey  in  this  area  during 
the  three  years  18^8-90.  Accompaying  the  same  volume,  the  first 
geological  map  of  the  district  appeared,  showing  in  this  graphic  way, 
the  limits  of  the  different  formations  or  subdivisions  of  these  old  rocks, 
over  an  area  of  3456  square  miles.  This  map,  although  faulty  and 
Fint  K«"1c8'-  inaccurate  in  places,  has  been  the  basis  of  all  subskquent  geological 
Kork  undertaken  in  this  district,  although  it  is  now  superseded  in 

(1)  Ann.  Eep.  Geol.  Surv.  Can.  18S8-H0,  pp.  29-32  A. 

(3)  TranB.  Am.  Inst.  Min.  Eng.,  Vol.  XVIII  (1889)  pp.  278-289. 

(3)  Min.  Res.  of  Ont.  1890,  p.  24  :  also  pp.  433-435,  aIko  Ann.  R«p.  Buc.  of  Nf  ines, 
Ont.  1891.  pp.  88-00. 

(4)  Ann.  Rep.  Geol.  Sur.  Can.,  VoL  V,  1890-Ml,  Part  F,  |>p.  1-P5;  «lao  Bull.  Gtw. 
Soo.  Am.,  Vol.  II,  1891,  pp.  125-137. 
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certain  areas,  by  the  maps  latelj  published  by  the  Bureau  of  Mines 
of  Ontario,  and  those  issued  to  accompany  the  present  bulletin.  The 
imperfections  of  tbese  latest  maps  will  also  in  turn  become  apparent  as 
the  region  is  cleared  and  opened  up  and  more  detailed  information  in 
regard  to  the  distribution  of  the  various  rock  masses  is  thus  possible. 

On^Iarch  6th,  1S91,  (■)  the  author  of  the  present   bulletin  read  a  ^^ 
paper  before  the  Logan  Club  of  Ottawa   '  On  the  Nickel  and  Oopper  by  A.  >1 
Deposits  of  tiadbury,'  which  was  published  in  June  of  the  same  year,  "*'''°*- 
in  which  appears  a  very  definite  statement  affirming  an  igneous  origin 
(')  for  these  masses  of  sulphide  material,  in  the  following  words  : 

'  The  ores  and  the  associated  diabase,  were,  therefore,  in  all  proba- 
bility simultaneously  introduced  in  a  molten  condition,  the  particlea  of  u^"  ^ ''" 
pjritoos  matter  aggregating  themselves  together  in  obedience  to  the 
Uw  of  mutual  attraction.'  In  the  same  paper,  the  author  makes  the 
following  significant  statement  which  has  since  been  proved  by  means  „„"  ™pii^ 
of  the  magnetic  separation  of  the  ore :  '  The  nickel  is  usually  spoken  i>«n. 
of  as  replacing  an  equal  quantity  of  iron  in  the  pyrrhotite,  but  the 
discovery  of  undoubted  crystoJi  of  millerite  or  sulphide  of  nickel,  160 
feet  below  the  surface  at  Copper  Cliff  mine,  aa  well  as  the  more  recent 
recognition  of  polydymite,  a  ferriferous  sulphide  of  nickel  at  the  Ver- 
milion mine,  in  the  township  of  Denison,  seem  to  justify  the  assump- 
tion that  in  the  more  highly  niokeliferons  deposits  of  the  region  at 
least,  the  nickel  is  also  present  as  a  sulphide,  disseminated  through  the 
ore  masses  like  the  iron  and  copper/  In  1891,  Mr.  T.  L.  Walker,  then 
chemist  at  the  Murray  mine,  obtained  30  per  cent  of  nickel  in  some  Fifst  ^mo- 
bright  cleavable  fragments  of  a  mineral  which  occurred  in  the  form  of  penclMidiw. 
mora  or  less  rounded  patches  in  the  ordinary  nickeliferous  pyrrhotite 
at  the  Worthington  mine.  The  writer,  who  had  provided  Mr.  Walker 
with  these  samples,  snggested  the  advbability  of  a  complete  analysis 
of  as  pure  material  as  could  be  selected.  It  is  to  be  regrett«d  for 
Walker's  sake,  so  far  as  priority  in  the  first  recognition  of  pentlandite 
in  this  district  is  concerned,  that  the  present  writer,  in  publishing  the 
results  of  this  first  analysis  ('),  merely  stated  his  own  belief,  thaf  these 
peculiar  nodular  masses  probably  represented  a  mixture  io  which  mil- 
lerite was  the  most  prominent  constituent,  omitting  to  make  mention 
of  the  fact  that,  the  chemist  bad  stated  bis  belief,  than  the  material 
was  almost  pure  "  Eisennickelkies  "  the  German  synonym  for  pentlan- 
dite.    At  this  time,  it  was   considered  of  more  importance  to  empha- 

11)  Ottawa  NaturalUt,  June  1891,  pp.  1-20  ;  alao  Ann.  Bep.  Geol.  Sar.  Can,,  Vol. 
V,  Part  a,  1890-81,  pp.  122  138. 

(S)  Soe  alK)  a  paper  bv  Dr.  Robert  Bell  on  '  The  Nickel  and  Copper  Depositi  of 
Sadtnir?  Diitrict,  Canada.'  Bull.  GeoL  Socj.  of  Am.,  Vol.  II,  1801.  page  135-36. 

(3)  Add.  Rep.  G«ol.  Sur.  Can.  1890-Sl,  Part  SS,  pp.  116-117. 
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zi ^e  the  f Act  which  hod  grown  beyond  a  couviction,  th»t  th«  nickel  was 
uadoobtedlj  present  in  these  or«  bodies  aa  a  distinct  sulphide,  mecha- 
nically intermixed  and  probably  separable  and  not  as  replacing  a  por- 
tion of  the  iron  in  the  pyrrhotite.  It  was  even  considered  probabl« 
that  several  nickel  sulphides,  and  not  one  alone,  contribated  to  the 
unnsual  enrichuient  of  these  ores. 
Firet  detwied  The  report  of  the  Division  of  Mineral  Statistics  and  Mines  of  the 
nickel  Geological  Survey  for  lii90,  although  not  published  until  the  fDllowing 

year,  contained  the  first  Ptatistios  showing  the  production  and  export, 
of  nickel  and  copper  matte  from  the  Sudbury  district.    Thii  was  like- 
wise acoompanied  by  a  somewhat  detailed  description  of  the  deposits, 
to  which  attention  has  already  been  drawn  ( * ).  Previous  to  this,  however, 
in  the  report(')of  the  same  department  foril869,  mention  is  made  of  the 
production  of  nickel  in  Canada,  but  the  figures  of  production  then 
supplied  were  only  used  in  the  Bummary  of  production.     This  course 
was  necessary  at  the  time,  as  the  figures  then  available  represented  the 
production  of  only  one  company,  who  gave  the  figures  on  the  under- 
standing that  they  were  only  to  be  used  in  the  compilation  of  totals. 
UeBcriptiona        In  the  first  report  of  the  Ontario  Bureau  of  Mines  fpr  1891,  then 
AlineaoTon-   j"^'  organized,  considerable  space  is  devoted  not  only  to  the  statistics 
tarioinisai.    of  production  of  nickel  and  copper  mat'e,  but  also  to  various  details 
regarding   the  geolc^cal    relationship   of  the   ores,  the   methods    of 
mining  and  metallurgy,  as  well  as  the  use  and  value  of  nickel.   It  also 
contains  the  first  of  the  annual  reports  of  the  inspector  of  mines,  which 
each  year  since  has  contained  an  epitomized  statement  of  the  progress 
of  mining  and  smelting  in  this  area. 
Paper  by  J.         In  1891,  Mnns.  J.  Gamier,  (^)  who  hod becomefamous  as  the  discoverer 
smier.  ^^  ^^  j^^_^  Caledonia  nickel  deposits,  visited  Canada,  and  on  his  return 

to  Paris,  furnished  an  account  of  his  examination  in  a  paper  entitled, 
'  Mines  de  Nickel,  Guivre  et  Flatine  du  District  de  Sudbury,  Canada. 
AnalyBceond  In  1893,  Dr.  S.  H.  Emmens  of  Youngwood,  Penn.,  and  President' 
sepnretion  of  '^^  ^^*  Cmmens  Metal  Company,  announced  the  discovery  of  three  new 
Sudburyores  nickel  minerals  from  the  Sidbury  district,  for  which  he  proposed  the 
meiu.  names  Folgerite,  Blueite  and  Whartonite.  (*)     The  substances    thus 

named,  were  stated  to  be  sulphides  of  iron  and  nickel,  the  proportion 
of  the  latter  metal   varying  from  376  per  cent  in  blueite  to  35'20 

(1)  Ann.  Rep.  Geol.  Surv.  Can.,  1890-01,  Purt.  S,  pp.  121-143. 

(2)  Ann.  R*p.  Geol.  Surv.  Cad.,  1888-89,  P»ri.  S,  1889.  pp.  8  and  123. 

(3)  Mem.  Soc  des  Ing.  Civili,  Paris,  1891. 

(4)  Jour.  Am.  Chem.  Soc.,  Vol.  XIV,  No.  7  ;  also  Ann.  R«p.  Bur.  of  Minos,  Oat.  > 
1892,  pp.  167-170. 
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per  cent  Id  folgerite.     All  authorities  are,  however,  agreed  that  none 
■of  these  are  definite  mineral  species,  being  mixtures  of  different  sulphi- 
des.    Thus  folgerite  is  regardod  as  impure  pentlandite,  blaeite  is  a  ^J^|?^^ 
nickeliferous  pyrite,  and    wbartonite   a   mixture.     A  peranal  of  I)r.  aad  bluuite 
Emmens'   Diethods  of  analysis,   and  the  variability  of  his  resnlta  are  ^g^^^^''^" 
aufGcient  proofs,  tbat  none  of  these  names  which  he  proposes,  should 
receive  a  place  in  mineralogical    literature.    Aboat   the   same  timei 
Dr.    Emmens  conducted  some   rather  crude   and    evideatly  harried 
experiments  in  regard  to  the  separation  of  the  components  of  the 
pyrrbotite  by  means  of  magnetism,  but  the  results  are  far  from  satis- 
factory. (')     The  material  on  vhich  the  trials  were  made  oame  from 
both  the  Oap  mine,  Pa.,  and  Sudbury,  Out. 

In  1892  Mons.  David  Levat,  formerly  Director-General  of  the  Soci^fai  >["uioir  on 
le  Kick'-l,  prepared  a  memoir  on  the  production  and  uses  of  nickel  and  Muna.  Dtnd 
its  alloys,    entitlei   'Progrea  de  la  M^tallurgie   do  Nickel,'    (')  an  ^™'- 
abstract  from  which  is  translated  and  printed  in  the  report  of  the 
Bureau  of  Mines  of  Ontario.  (*)  Besides  a  description  of  the  metallur- 
gical  treatment  of  the  Sudbury  ores,  he  institutes  a  comparison  between 
these  and  the  New  Caledonia  ores,  giving  all  necessary  details  in  regard 
to  these  latter,  their  rompoaition,  metallni^,  transportation,  mining 
operations,  and  ooncludea  with  certain  particulars  relating  to  the  com- 
position  of  the  nickel  of  commerce,  its  alloys  and  statiatios  of  produc- 
tion. 

During  the  summer  of  1890,  the  late  Baron  von  Fonllon  of  the  Work  by 
Geological  Survey  of  Auatria,  spent  a  few  weeks  in  the  district,  direct-  pouUon. 
ing  bis  attention  chiefly  to  the  determination  of  the  relative  ages  of 
the  different  rocks.   Hia  collection  of  rocks  for  future  study,  contained  Fint  recogni- 
a  specimen  obtained  frsm  one  of  the  detached  blocks  of  material,  which  bearing 
had  been  blasted  oat  to  make  room  for  the  the  foundations  of  the  •'"ipi^'VB. 
smelter  at  the  Murray  mines.     Examination  of  thin  sections  of  this 
specimen  under  the  microscope,  revealed  for  the  first  time  the  identity 
of  what  was  evidently  a  typical   and  unaltered  representative  of  the 
nickel  bearing  eruptive,  showing  it  to  contain  besides  the  plagioctase, 
strongly  pleochroic  hypidiomorphic  individuals  of  hypersthene,  together 
with  a  smaller  amount  of  diallage,  both  these  last  mentioned  minerals 
being  often  bordered  with  hornblende.  The  rock  thus  evidently  belonged 
to  the  general  type  of  g^thbros,  which  by  the  abundance  of  the  hypers- 

(1)  Jour.  Am.  Chem.  Soc,  VoL  XIV,  N'u.  10 ;  kleo  Ann.  Rep.  Bur.  oC  Mino,  Oat. 
18S2,  pp.  I6S-1G6. 

(2)  Add.  des  Mioei,  Paris,  1893,  pp.  141-324. 

(3)  Ann.  Rep.  Bur.  of  Mioea,  Out.,  Id92,  pp.  149-ll>2. 
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thene  ii  related  to  the  noritea.  (,\)  This  waa  the  firat  recoKnitioa  of  the- 
Deicripcion  of  trae  character  of  the  eruptive  with  which  the  oickel  depoaita  are  so- 
S.'willmi.Si'   intimately  asaociated,  although  the  late  Profeaaor  0.  H.  WilliamB  had 
in  1891  desoribed(l)a  veryaimilar  rock  from  the  vicioity  of  the  Blezard 
mine,  but  which  in  the  description  of  the  field  relations  famished  him, 
had  been  reported  as  occnrring  in  a  later  dyke.     In  1893,  Dr.  A.  i*. 
Coi™»n'»       Coleman, (^)  showed  that  the  country  rock  of  the  nickel  deposits  south  of 
n^te''ii'nd  "  C''«»'' Lake,on  the  Northern  Nickel  Range,  wasa  gabbro  oontainingboth 
r''**\(rih"   *^'*"^®  *°*^  enatatite.   In  the  pame  publication,  he  givefl  a  description 
NickelRange.  of  the  petrographical  characters  of  the  peculiar  type  of  rock  to  which 
Williams  firat  gave  the  name  "  micropegmatite, "  and  which  occurs 
here  aa  elsewhere,  throughout  the  district,  in  intimate  association  with  - 
the  sulphide  bearing  eruptive. 
Recognjiion         In  1893,  Prot  a.  L.  Penfield,  recognized  and  described  for  the  first 
by  Priif.  time,  the  mineral  pentlandite,  from  the  Sudbury  district,  found  in  some 

P™field.  sulphide  material  sent  to  him  aome  yeara  previously  by  Mr.    F.   L. 

Sperry.     (*)  Immediately  following  this  article,  in  the  same  publica- 
tion, he  criticizes  rather  severely  the  methods  of  analysis,  adopted  by 
Dr.  Emmens,  in  his  attempt  to  establish  the  claims  of  folgerite,  blueite 
and  whartonite,  to  be  recognized  as  new  mineral  species  ('). 
MafiTielic  In  the  aame  year  David  H.  Browne,  (")  chemist  of  the  Canadian 

Dkvid  H.        Copper  Company,  challenged  the  accuracy  of  Dr.  Emmens'  magnetic 
rjwiie.  work,  as  also  the  oonclunioos  baaed  thereon,  so  far  at  least  as  the 

material  from  Sudbury  ia  concerned.  At  the  same  time,  he  published 
the  details  of  certain  personal  experiments  in  connection  with  the 
magnetic  separation  of  the  orea  from  the  Copper  Clifii  Evana  and 
Stobie  mines.  The  ore  was  fiist  handpicked  and  then  crushed  to- 
various  degrees  of  fineness.  By  meana  of  these  trials,  he  succeeded 
in  dividing  the  material  thus  prepared  into  a  magnetic  and  non- 
magnetic product,  the  analysis  of  the  latter  shoving  a  close  resem- 
blance to  the  pentlandite  described  by  Penfield. 

In  June  1893,  T.  L.  Walker  (')  vbited  the  Vermilion  mine  and 
procured  some  additional  material  similar  to  that  in  which  Wells  and 

<])  "Uebereinige  Nickelenvorkommen,"  Jahr.  d.  k-k.  geol.    Reichsaiuwlt,  Vul. 
XLII.  pp.  223-3)0,  Vienna.  1892. 

(2)  Ann.  Rep,  Gwl.  Siirv.  C«i.,  1890-91,  Part  F.  p.  77. 

(3)  "The  Rook»  of  Clem  Lake  near  Sudbury,"  Can.  Rec  So.,   Vol.  V,  1892-93^. 
pp.  343-346. 

(4)  Am.  Jwir.  Sc,  VoL  XLV,  1893,  pp.  493-494. 

(5)  ..  I.  :       i>p,  494-497. 

(6)  Eng,  ft  Min.  Jour.,  Deo.  2nd,  1893.  Vol.  LVI,  pp.  565-566. 

(7)  Am.  JouT.  Sc,  Vol.  I,  1896,  pp.  110-112. 
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Penfield  had  first  discovered  aperrjlite.  The  evidence  of  these  new 
specimens  of  this  comparatively  rue  mineral,  enabled  him  to  publish 
further  details  in  regard  to  its  cryttallograiphic  behaviour.  After 
critical  ezamiaation  of  the  associated  sulphides,  he  conclades  that  this 
sperrjlite  is  sssociated  with  the  chalcopyrite,  and  not  with  the  pyr- 
rhotite,  and  that  accordingly  nickel  mattes  from  mines  low  id  cupper 
contain  very  little  platinum,  while  those  richer  in  copper  afford  a 
matte  proportionatelj  richer  in  platinum.  He  mantioos  the  faot^ 
however,  that  the  polydymite  of  Clarke  and  Catlett  or'ntains  from 
0006  per  cent  to  0-021  per  cent  of  platinum  (■). 

In  April,  1893,  Prol.  W.  L.  Goodwin  {')  announced  th     discovery  Duooven*  of 
of  a  highly  nickeliferous  pyrite,  oocnrring  at  the  Murray  mine,  and  ^^'{S^^^ 
published  an  analysis  of  this  somewhat    anusual    association.     The  ^^  ^  ^ 
material,  however,  on  which  the  examination  was  conducted,  was  mas.  t.  L.  W>lke 
sive  and  somewhat  decomposed.  A  little  latter,  however,  T.  L.  Walker 
secured  several  specimens  showing  druses  of  small  bright  cubic  crystals. 
These  were  found  associated  with  marcasite,  (containing  no  nickel  or 
oob^t)  magnetite,  galena,  obalcopyrite  and  nickeliferous  pyrrhotite. 
An  analysis  of  this  new  and  fresh  material  was  made,  and  the  conclu- 
sion reached  that  the  specimens  represented   true  nickeliferous  pyrite. 
in  which  the  isomorphus  elements,  iron  and  nickel,  replaced  each  other 
in  varying  proportions.  (^) 

During  the  summer  and  fall  of  1893,  E.  Renshaw  Bush,  while  pur-  DMcHptknt 
suing  professional  work,  visited  some  of  the  more  important  depoaita,  ^,  Bath, 
afterwards  publishing  his  observations  in  a  paper  called  '  The  Sudbury 
ITickel  Region.'  (*) 

On  December  4th,  1893,  Philip  Argall  of  Denver,  CJol.,  presented  a  P^ierby 
paper  to  the  Colorado  Scientific  Society,  on  '  Nickel,  the  Occurrence,  *"  ^^^ 
Qeologicat  Disiribution  and  Qeneeis  of  its  Ore  Deposits.'  This  author 
gives  a  short  but  rather  complete  statement  of  the  character,  composi- 
tion and  distribution  of  the  three  groups  of  the  ores  of  nickel — arse- 
nides, sulphides  and  silicates — and  makes  special  mention  of  the  main 
fealnres  and  importance  of  the  Sudbury  Ore  Deposite.C) 

On  Juioary  12th,  1894,  Dr.  Frank  D.  Adams  of  Montreal,  submit-  Opiuioni  by 
ted  a  paper  to  the  General  Mining  Association  of  the  Province  of  ^^^' 

(1)  BuU.  U.  a  G.  a,  No.  94,  p.  Jl. 
(2.)  Cut.  R«o.  So.  Vd.  V,  1893-93,  pp.  346-347. 
(3.)  Am.  Jow.  Sc  V6L  XLVII,  April,  1S91,  pp.  312-314. 
(4.)  Eng.  ft  Min.  JoOr.,  Much  17, 1S94,  VoL  LVII,  pp.  246-348. 
(S.)  Ptdo.  CoL  So.  Sou.,  VoL  tV,  1S91-92-93,  pp.  3tth4Sl. 
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Qnebeo,  '  Od  the  Igceoui  Origin  of  certain  Ore  Depoeite.'  In  this 
paper,  he  gives  a  synopsis  of  the  main  coDclaaions  reached  by  Prof.  J. 
H.  L.  Vogt  of  Christianiu,  from  his  examinations  and  atudy  of  the 
nickeliferons  sulphides  of  Norway,  and  agreeably  with  these.Dr.  Adama 
claims  an  igneous  origin  for  the  varions  Sudbury  occurrencea,  the  con- 
centration of  the  ore  being  the  direct  result  of  magmatic  differentiation 
of  the  peculiar  type  of  eruptive  with  which  the  deposits  of  both  conn- 
tries  are  always  associated.  (') 

In  1895,  Prof.  J.  F.  Kemp  of  Colnmbia  University,  New  York, 
gives  'Ad  Oatline  of  the  Views  held  today  on  the  Origin  of  Ores ' 
offering  an  explanation,  based  on  the  laws  of  tbenno-chemistry,  to 
explain  the  concentration  of  these  sulphides  of  iron,  coppef  and 
nickel.  (') 

In  1897,  Dr.  T.  L.  Walker  presented  his  inaugural  dissertation  to 
obtwn  the  degree  of  Doctor  of  Philosophy,  to  the  University  of  Leip' 
zig,  taking  as  his  subject  '  Geological  and  PetrographicaL  Studies  of 
the  Sudbury  Nickel  District,  Canada.'  This  thesis  was  afterwards 
communicated  to  the  Geological  Society  of  London,  by  Prof.  J.  J.  H. 
Teall  and  subsequently  published  in  an  abridged  form.  (')  This  public- 
ation contains  an  epitome  of  Dr.  Walker's  studies  of  the  i-ocks  which 
are  most  intimately  associated  with  the  nickel  deposits.  The  author  is 
in  full  agreement  with  Vogt,  Adams  and  others,  regarding  these  ore 
bodies  aa  of  igneous  origin,  owing  their  present  position  and  dimensions 
to  magmatic  dilforentiation.  He  furnishes  very  complete  details  of  the 
petrographicat  character,  not  only  of  the  nickel  bearing  eruptive,  but 
also  of  the  associated  greenstones  and  the  clastic  rooks  of  the  Huro- 
nian,  making  brief  mention  of  the  mineralogioal  composition  of  the 
Laurentian  gneisses  exposed  near  Wanapitei  station.  Dr.  Walker 
wae  the  first  to  recognize  that  the  '  micropegmatite ',  classed  on  pre- 
vious geological  maps,  as  belonging  to  the  Laurentian,  which  it  resem. 
bles,  is  really  a  differentiation  phase  of  the  prevailing  Dorite,  The  later 
dykes  of  olivine  diabase  are  also  described  in  considerable  detail.  The 
whole  publication  may  be  cbaracteri2ed,  in  brief,  as  the  most  complete 
statement  in  regard  to  the  geology  and  petrography  of  the  district, 
which  had  yet  appeared. 

In  1900,  J.  Watson  Bain  prepared  'A  Sketch  of  the  Nickel  Indus- 
try,' which  treats  of  the  source  and  production  of  nickel  ore?,  the  me- 


{1.)  Cad.  MiD.  R«viev,  FebruBiy,  IBM. 

[2.)  Min.  Indcitry,  Vol.  IV,  1891^,  pp.  766.766. 

(3)  Quart.  Jour.  Oeol  Soc  Lon..  Vol  LVIII,  (1897)  pp.  4 
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tallurg;  of  both  the  Nev  Caledonia  and  Sadbary  products,  coaclading 
with  a  brief  statement  of  the  composition  and  nsee  of  nickel.  (' ) 

In  1901,  Dr.  A.  P.  Coleman  gives  certain  petrographical  details  of  Dewip^on 
the  nickel  bearing  eruptive  and  the  associated  greenstones,] with  special  man  in  1901. 
reference  to  occurrences  of  these  rocks,  between  the  Stobie  and  Nickel 
Mountain  mines.     He  also  furnishee  an  account  of  the  mineratogical 
composition  and  character,  as  revealed  by  the  microscope,  of  some  of 
the  sedimentary  rocks  classified  as  Haronian  in  this  district.  (')  r^^;!;^ 

In  1901,  (*)  and  again  in   1902,  (*)  the  writer  gives  certain  pre-  Work  by  A. 
liminary  iuformation  in  regard   to  the  geology  and  petrography  of  1901  uid  1902. 
the  Sudbury  district 

In  the  summer  of  1902,   Profs.  Victor  Ooldschmidt  and  William  Sperryliteby 
I7ico1  prepared  a  very  complete  statement  of  the  cryDtallography  of  and  Nioal. 
sperrylite,  the  material  being  obtained  from  the  original  locality  at  the 
Yerinilion  mine.  (*) 

In  1903,  0.  W.  Dickson,  (1851    Exhibition  Scholar  from  Queen's  Sepantion  trf 
University,  Kingston,  and  doing  post-graduate  work  at  the  School  of  frum  oluloo- 
Uines,    Columbia  University,    New   York)    succeeded  in  separating  ^^^^ 
sperrylite  from  the  unaltered  chalcopyrite,  obtained  at  the  Victoria 
mines,  and  thus  proved  definitely  that  the  platinum  was  associated  with 
the  copper  sulphide.  (*)  This  is  in  agreement  with  the  results  obtained 
fay  Walker,  some  years  previously,  to  which  reference  has  already  been 
made,  and  also  accords  with  the  views  of  Prof.  Vogt,  from  analyses  of 
the   various  ores   from    the  Norwegian   nickeltferous   pyrrhotite  de- 
posite.  C) 

At  the  meeting  of  the  American  Institute  of  Mining  Engineers,  held  Paper  t^  C. 
in  Albany  in  February,   1903.  Mr.  Chas.  W.  Dickson,  to  whom  refe-  ^-  ^'"^^'^ 
renoe  has  already  been  made,  submitted  a  paper  entitled  '  The  Ore 
Deposits  of  Sudbury,  Ontario.'     The  information  thus  published  was 
also  presented  in  the  form  of  a  thesis  ,to  obtain  the  degree  of  Ph.  D.  at 
Columbia  Uuiversity,  New  York  city.  (*) 

(1)  Add.  Rep.  Bur.  of  Mines,  Oat.,  1900,  pp.  21S-ZS4. 
(3)  Ann.  Rep.  Bur.  oT  Mineg,  Ont.,  1901,  pp.  200-208. 

13)  Snm.  Rep.  OeoL  Surv.  Can.,  1»01,  pp.  141-146. 

14)  ...  .■  ..        1903,  pp.  Si2-m. 
IB)  Amer.  Jonr.  So.,  Vol.  XV,  1903,  pp.  460-468. 

16)  „  „  ,.        „       137-139. 

17)  Zeit  fttr  Prak.  GeoL  Aug.,  1908,  pp.  3n8-360. 

18)  Tnne.  Am.  Intt.  Mia.  Eng.  (Albany  Heltbg)  February,  1903,  66  pp. 
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This  pablicatioa  mkrka  &  decidedly  new  departure,  not  only  in  the 
methods  of  reeesroti  adopted,  bnt  also  in  the  reaulbs  sought  to  be 
obtain&J,  &nd  if  the  oonclusions  reached,  seem  new  and  startling,  and 
at  variaDce  with  many  of  the  preconceived  notions  entertained  in 
regard  to  the  composition  and  origin  of  these  ore  bodies,  the  anthor 
must  be  given  the  credit  for  having  weighed  all  the  evidence  and 
exhausted  every  means  to  prove  the  validity  of  his  oonclusiona. 

Mr.  Dickson  mentions  that  one  of  the  purposes  of  his  investigation 
has  been  to  ascertain  whether  the  nickel  and  cobalt  replace  the  iron 
isomorphously  in  the  Sudbury  pyrrhotite.  Another  purpose  has  been 
to  try  to  find  a  definite  formula  for  the  sulphide  of  this  district,  «ith 
the  idea  of  oompariog  it  with  similar  minerals  from  other  localities. 
The  thesis  is  divided  into  two  main  portions,  as  follows  :  I.  The  rela- 
tion of  nickel  to  pyrrhotite  and  II.     Genesis  of  the  Sudbury  oree. 

The  first  of  these  two  parts  of  Mr.  Dickson's  paper  deals,  in  the  first 
place,  with  a  general  statement  of  the  Sudbury  nickel  region.  Thid 
is  followed  by  a  summary  of  the  compositiou  and  origin  of  pyrrhotite, 
to  which  is  added  a  table,  showing  the  percentage  of  nickel  and  cobalt, 
in  this  mineral.  Then  succeeds  a  brief  description  of  the  Sudbury 
pyrrhotit^B,  with  tables  indicating  the  percentages  of  nickel,  cobalt  and 
copper,  not  only  in  the  ore  of  the  principal  mines,  bnt  also  the  average 
compoeition  of  same  of  the  resulting  mattes. 

Mr.  Dickson  then  discusses  the  methods  pursued,  and  the  results  of 
his  investigation  into  the  magnetic  separation  of  the  pyrrhotite,  and  as 
a  result  of  these  experiments,  he  concludes  that  all  of  the  nickel,  in  the 
Sudbury  ores  at  least,  occurs  as  a  separate  mineral,  and,  that  in  this 
district  there  does  not  exist  a  true  nickeliferous  pyrrhotite,  in  the  sense 
that  the  nickel  isomorphously  replaces  part  of  the  iron  in  that  mineral. 
In  the  second  part  of  the  paper,  he  adduces  strong  evidence  in  support 
of  his  opinion  that  all  of  the  Sudbury  ore  deposits  are  of  essentially 
and  predominantly  secondary  origin.  The  evidence  adduced,  is  derived 
not  only  from  a  study  of  the  larger  field  occurrences  of  the  deposits 
and  associated  rocks,  but  also  finds  abundant  support  in  the  relations 
between  the  ores  and  rock  minerals,  as  seen  under  the  microscope. 

A  compariacm  is  made  of  these  Sudbnry  deposits  with  those  of  Ross- 
land,  B.  C,  and  Ducktown,  Tenn.,  which  are  stated  to  show  many 
remarkable  and  essential  points  of  similarity,  and  concerning  whose 
secondary  origin,  there  can  be  no  doubt 
I  In  1903,  Dr.  A.  P.  Coleman  published  his  account  of  'TheSudbnry 
Nickel  Deposits ',  { ' )  giving  Uie  results  of  the  field  operations  under* 

(1)  Ana.  Rep.  Bur,  of  Mine*,  Ont.,  1903,  pp.  235-299. 
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tftkea  ftt  the  iaetaaoe  of  the  Bureau  of  Mioea  of  Ontario,  in  the  Bummer 
of  1903.  This  is,  doubtless,  the  moat  compreheuBive  and  satisfactory 
description  of  these  deposits  which  has  yet  appeared.  This  work  is 
copiously  illustrated  with  photognphs  of  the  different  mines  and 
buildings,  t<^ther  with  several  small  maps  showin);  the  progress  of  the 
surface  work,  and  the  dispositioD  of  the  various  openings  and  mining 
buildings.  It  is  also  accompanied  by  two  coloured  geological  maps>  G^ojocfc^ 
representative  of  the  area  in  the  vicinity  of  the  Copper  Cliff  and  ^^^'fJiS^ 
Stobie  mines.  It  is  not  considered  necessary  in  this  connection,  to  Suibie  mines.  * 
summarize  the  results  of  this  work,  as  the  publication  is  of  suoh  recent 
date,  and  readily  available  to  any  one  who  desires  to  take  advantage 
of  this  information  ;  and  no  one  interrated  in  the  geological  and 
petrographioal  problems  involved,  should  be  without  it.  In  1903, 
Dr.  Coleman  continued  this  work,  directing  bb  attention  to  the  map- 
ping out  in  detail  of  the  outline  of  the  northern  nickel  range,  in  order 
to  determine  its  connection  or  otherwise  with  the  Southern  or  Main 
Range. 

It  is  proposed,  that  during  the  coming  season,  Dr.  Coleman  will  again  Further 
continue  this  work,  with  the  intantioa  of  ultimately  publishing  a  mono-  b?*^"oX''^ 
graph,  which  will  contain,  in  succinct  form,  all  essential  information  in  num. 
regard  to  these  deposits,  which  have  figured  so  largely  in  the  mining 
industrial  development  of  Canada. 

HiaTOttT  OP  Devrlopment. 

The  presence  of  large  deposits  of  nickel  and  copper,  in  the  vicinity  public  aiten- 
of  the  town  of  Sudbury,  aud  close  to  the  boundary  between  the  Dis-  tion  attracted 
triots  of  AJgoma  and  KipiBsing,  in  Northern  Ontario,  has,  for  many  nickel  utd 
years,  attracted  world  wide  attention,  in  the  first  place,  on  account  of  ^^^(^ 
tbeir   immense  aud  'apparently  inexhaustible  character,  but  latterly, 
because  of  the  much  more  extended  use  of  nickel,  especially  as  an  alloy 
with  steel,  to  improve  the  qualities  of  the  latter.   The  recent  agitation 
for  the  imposition  of  an  export  duty  on  nickel  ore  and  matte,  has,  at 
least,  resulted  in  drawing  public  attention  to  the  fact,  that  Canada  has 
for  some  time  past,  been  one  of  the  two  great  sources  of  nickel  in  the 
world,  and  at  tbe  present  day,  produces  more  than  half  of  the  world's 
oooaumptioQ  of  this  metal.     The  history  of  the  development  of  niiket 
mining  in  this  region  is  inseparably  bound  up  with  that  of  copper,  for 
the  two  minerals  ore  always  present  in  such  intimate  association  with 
one  another,  that,  in  abstracting  their  metallic  contents,  they  are  sub- 
jected to  the  same  metallurgical  processes. 
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Knowledge  of  The  eziBtnnce  of  workkble  deposits  of  copper  in  this  region,  wu  & 
^^^  jQ  fact  thftt  had  long  been  kaoirn,  and  aa  far  back  aa  1770,  a  company 
17m  had  been  formed  and  attempts  made  to  mine  this   metal,  but  the 

difficult;  of  proouring  and  maintaining  miners,  at  so  great  a  distance 
from  an;  centre  of  civilization,  the  remoteness  of  any  market  for  the 
ore,  as  veil  as  the  absenoe  of  facilities  for  transportation,  were  in 
tiiemselves  amplj  sufficient  causes,  if  none-other  existed,  to  render 
these  first  attempts  abortive.  However,  in  1816,  owing  to  the  activity 
in  prospecting  and  locating  mineral  lands,  on  the  southern  shore  of 
Lake  Superior,  and  a  favourable  report  by  Mr.  W.  £.  Logan,  then 
newly  appointed  Provincial  Geologist,  some  enterprising  Canadians 
banded  themselves  together  into  two  associations  called  '  The  Mont- 
real Alining  ^Company ',  and  *  The  Upper  Canada  Mining  Company.'' 
The  former  company  purchased,  amongst  others,  what  was  then 
Work  itarted  known  as  'The  Brace  Mines  Location',  and,  on  account  of  the  ap- 
Miaea.  pirent  richness  of  the  deposit,  decided  to  commence  active  work  at 

this  locality,  while  the  Upper  Canada  Company  proceeded  to  develop 
and  work  what  was  known  as  the  '  Wallace  Mine ',  near  the  month  of 
Uinius  work    the  Whitefish  river,  on  Lake  Huron.    The  Wallace  mine  was  the  choice 
mime.  '^  *  number  of  locations,  owned  by  the  same  company,  on  the  noith 

shora  of  Lake  Huron,  snd  was  selected  on  account  of  its  promising 
character  and  proximity  to  civilization.  It  is  chiefly  remarkable  as 
having  been  the  first  place  in  Canada,  in  which  the  presence  of  nickel 
was  detected.  After  sinking  a  shaft  to  the  depth  of  between  60 
and  90  feet,  and  the  opening  up  of  a  few  pita  to  teat  the  size  of  the 
deposit,  all  work  was  abandoned,  and  has  not  been  resumed  since,  aa 
the  quantity  of  ore  eoconntered  in  these  operations  did  not  seem  to 
warrant  any  further  expenditure. 

Uam;'«  In  hie  report  for  1856,  Mr.  Alex.  Murray,'(^)  thus  refers  to  certain 

southwBiWm  '"it*'<T*  °f  sulphide  bearing  rocks,  which  were  long  afterwards  shown 
^tension  to  be  the  southwestern  extension  of  the  now  famous  Creighton 
mine  in  1SS6.  Nickel  mine.  '  At  the  fifth  mile  a  dingy  green  magnetic  trap,  with  a 
large  amount  of  iron  pyrites,  forms  a  ridge,  and  that  rook  with  syenite, 
continues  in  a  succession  of  ridges  to  the  seventh  mile,  beyond  which 
the  country  becomes  low  and  marshy.  Previous  to  my  visit  ta> White- 
fish  lake,  I  had  been  informed  by  Mr.  Salter  that  local  attraction  of 
the  magnet  had  been  observed  by  himself,  while  he  was  engaged  in 
running  the  meridian  line,  and  he  expressed  it  to  be  his  opinion  that 
the  presence  of  a  large  body  of  iron  ore  was  the  immediate  cause. 
When,  therefore,  I  came  to  the  part  indicated  by  Mr.  Salter,  I  made 

(1)  Rap.  Geol.  Sutv.  Cbq.  1853-56,  pp.  180-181. 
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m  very  carofal  ezamin&tioa,  not  only  in  the  directioa  of  the  metidian 
line,  but  for  &  conaiderable  distanoe  on  e&ch  side  of  it,  and  the  result 
of  my  examinntion  waa  that  the  local  attraction,  irbich  I  found 
essctlf  A?  described  hy  Mr.  Salter,  was  owing  to  the  presence  of  an 
immenae  mass  of  magnetio  trap. 

The  oompaaa  was  found  while  traversing   these  trap  ridges,  to  be  Varutini  of 
deflected  from  its  true  bearing  upwards  of  ten  degrees  at  sereral  parts,  ^^I^ 
and  in  one  place  it  showed  a  variation  of  fifteen  degrees  west  of  the  caiue. 
true  meridian,  or  about  twelve  degrees  from  the  true  magnetic  norbb. 
Specimens  of  this  trap  have  been  given  to  Mr.  Hunt  for  analysis,  and 
the  result  of  his  iavestigationa  shows  that  it  contains  m^netic  iron  Ore 
and  magnetic  iron  pyrites,  generally  disBomioated  through  the  rock, 
the  former  in  very  small  grains ;  titaniferons  iron  was  found  in  asso- 
ciation with  the  magnetic  ore,  and  a  small  quantity  of  nictel  and  cop- 
per with  the  pyrites.     It  was   remarked   that  notwithstanding   the 
powerful  influence  of  this  magnetic  mass  in  causing  a  general  local 
attraction,  the  contact  of  fragments  of  it  with  the  compass,  although 
producing  a  slight  effect,  rarely  occasioned  any  remarkable  agitation 
of  the  needle.' 

The  line  referred  to  in  the  above  description,  was  what  was  once  Pontion  of 
known  as  <  Salter's  Meridian  line ',  and  the  exact  position  of  theseout- ^P****" 
crops  of  mineralized  '  trap ',  on  tJie  line,  is  in  the  first  oonoeesion,  on 
the  boundary  between  Snider  and  Creigbton  townships.  It  can  thus 
be  seen,  thai  even  at  this  early  period  of  its  history,  the  offioersof  the 
Geological  Survey  were  aware  of  the  existence  of  nickel  in  this  region, 
anl  had  pointed  out  the  probability,  that  workable  deposits  would  be 
found.  (') 

Years  passed  by,  and  the  inaccessible  nature  of  the  country  deterred  inaooeaaible 
prospectors  from  making  any  very  detailed  exploration  or  examination)  ""^"hJcM 
BO  that  it  was  not  until  1883,  when  the  Canadian  Pacific  Railway  was  P>"*es  °f 
in  course  of  oonstmction,  that  the  first  discoveries  of  any  oonsequence         '    '* 
were  made,  since  which  time,  the  whole  belt  characterized  by  the  pre- 
sence of  the  Huronian  rocks  in  the  Sudbury  district,  has  been  overrun 
with  eager  prospectors  and  miners. 

A  not  infrequent  accident  in  newly  settled  districts,  led  to  the  first  fUtoeyetjoS 
important  discovery.     Judge  McNaughton,  late  Stipendiary  Magis-  ?^'^&  ■™'* 
trate  at  Sudbury,  had  been  lost  in  the  woods  to  the  west  of  the  town, 
and  a  diligent  search  was  at  once  instituted  for  him.     A  party,  consis- 
ting of  Dr.  Howey  and  two  others,  found  the  judge  seated  on  the 

(L)  Rep.  Geo.  Sur.  Can.  1S4S-49,  p.  63. 
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small  emineocfl  which  then  marked  the  site  of  whkt  is  now  known  as 
the  Unrn;  mine.  Dr.  Howey's  natural  cariosity  and  geological  tarn 
C^  mind  are  well  known  to  all  hia  friends,  and  it  is  not  anrprising,  there- 
fores  b^ti  having  oTercome  hia  anxiety  on  the  Judge's  acoouct,  he 
*  should  turn  his  attention  to  the  neighbouring  rocks.  Looking  down 
at  the  knoll,  which  had  served  as  a  resting  place  for  the  tired  wandtrer, 
he  noticed  that  the  rock  compoaing  it  contained  abundant  impregoa- 
tioiu  of  what  appeared  to  be  a  ralnable  ore  of  copper.  More  critical 
examination  still,  convinced  him,  Uiat  he  had  discovered  a  mine  and 
bsatily  securing  some  representative  samples,  he  exhibited  them  to  Dra. 
Oirdwood  and  Selwyn,  who  happened  to  be  in  the  neighbourhood,  and 
either  of  whom  he  considered  fullj  competent  to  pronounce  with  autho' 
rityas  to  the  economic  value  or  possibilities  of  his  find.  Dr.  Girdwood, 
it  may  be  remarked,  was,  at  the  lime,  one  of  the  chief  medical  advisers 
of  the  Canadian  PaclGo  Railway,  and  a  well  known  authority  ou  che- 
mistry and  mineralogy.  Dr.  Selwyn,  then  Director  of  the  Geological 
OpinicHM  bj  Survey,  accompanied  Dr.  Qirdwood,  in  order  to  obtain  the  necessary 
■i^inliraal.  transportation  facilities,  enabling  him  to  make  a  geological  reconnais- 
sance of  the  area  in  the  vicioity  of  the  railway.  To  Dr.  Howey's 
surprise,  they  informed  him  that  the  pyrrhotite  which  formed  such  a 
large  proportion  of  his  samples,  was  practically  valueless,  that  the  only 
metal  of  importance  which  might  be  present  in  such  a  mineral  was 
nickel,  and  that  past  experience  with  similar  ores  in  Canada  and  else' 
where,  had  taught  them,  that  this  was  always  present  in  sach  small 
amount  as  not  to  permit  ef  its  profitable  extraction.  Turning  their 
attention  to  the  cholcopyrite,  which  was  also  represented  in  his  samples, 
both  these  gentlemen  agreed,  that  although  it  was  a  valuable  ore  of 
copper,  the  mineral  was  not  present  in  sufficient  quantity  to  pay  for 
working.  Thoroughly  convinced  of  the  soundness  of  their  advice,  but 
Dr.  Howef'B  disappointed  at  the  unexpected  result.  Dr.  Howey  took  no  further 
diwppoini-  ftction  in  the  matter,  ridi'^uliug  in  a  quiet  way  the  earnest  and  per- 
sistent efforts  of  others  to  interest  capital  in  the  immense  economic 
possibilities  of  this  and  similar  deposits  afterwards  found.  One  can 
imagine  his  chagrin,  therefore,  and  sympathize  with  his  mortification, 
when  subsequent  development  demonstrated  that  both  these  gentle- 
men, whose  scientific  attainments  could  not  be  called  in  question,  had 
been  rather  hasty  in  their  judgment,  although  from  a  wide  experience 
with  the  composition  of  pyrrhotites  in  general,  they  had  been  right  in 
thus  expressing  their  opinion. 

DiKavoryof        Early  in  1884,  the  Canadian  Pacific  Railway  made  a  cutting  for 

Murray  mtae  j^eir  main  line  through  this  small  hill  (Murray  mine),  about  3i  miles 

northwest  of  Sudbury,  and  on  July  12th  of  the  same  year.  Dr.  Selwyn 
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mftd«  ft  careful  examination  of  the  location,  and,  Gtated  to  the  writer, 

some  years  aftervarda,  that  he  had  pronounced  the  lode  to  be  one  of  I^-  Belwyn's 

^  '  OpiQlOIL 

the  most  promiBlog  he  had  ;et  seen  in  Canada.  No  ench  opinion, 
however,  vas  ever  published,  althoagh  it  is  quite  possible  that  the 
greater  facility  of  examination  caused  by  the  cutting  for  the  railvaji 
and  the  maBsiveneas  of  the  deposit  thus  exposed,  reversed  his  previooa 
judgment  of  the  ore  body  in  question.  (' ) 

Other  diaooveries  soon  followed,  and  the  McGonnell,  Lady  Macdon old.  Other  mines 
Stobies  Blezard,  Copper  Cliff  and  £vana  mines  were  all  located.     At  °™ 
firsts  the  wildest  notions  were  entertained  as  to  the  extent  of  these 
deposits,  and  the  most  exaggerated  reports  circulated  as  to  their  value. 
It  was  even  confidently  asserted  that  these  were  immensely  important 
discoveries,  and  would  revolutionize  the  whole  copper  trade,  and  render  y^f.  report, 
other  mines  then  in  operation  quite  unremunerative.     Rounded  hilb  of  fT'exJj' 
gossan,  indicating  the  presence  of  the  more  solid  and  unaltered  ore 
beneath,  occur  at  intervals  for  miles  in  a  southwesterly  direction,  con- 
forming rudely  to  the  strike  of  the  stratified  or  foliated  rocks,  in  the 
vicinity.  This  circumstance  Li  all  that  seems  to  have  justified  the  early 
discoverers  in  describing  the  deposits  as  veritable  mountains  of  solid 
ore,  many  mile^  in  extent  and  hundreds  of  feet  thick.     During  the 
interval  which  has  elapsed  since  the  first  discovery  was  made,  pros- 
pectors have  not  been  idle,  and  their  efforts  have  been  rewarded  by  the 
location  of  three  large  belts  or  masses  of  the  sulphide  bearing  norite. 
Until  lately,  these  have  been   considered  as   entirely  separate  and  Form  uf 
distinct  from  one  another,  but  the  later  geological  work  is  tending  to  {^  %mti\e. 
prove  their  connection  as  one  continuous  ellipsoidal  band,  the  central 
portion  of  which  is  now  occupied  by  tufaceooa  slates  and  sandstones, 
coloured  provisionally  as  of  Cambrian  age. 

The  history  of  the  development  of  mining  in  the  Sudbury  district  History  of 
is,  in  the  main,  that  of  the  Canadian  Copper  Company,  for  it  was  the  de'elop™'""- 

1.  A  ipecimen  collected  at  the  time  by  Dr.  Selwyn  from  the  cutting  on  the  nil- 
way  at  the  Murray  mine,  was  examined  by  Dr.  Hoffmann,  whoeays  'Itcontiated  of 
magnetic-pyrites  and  oopper- pyrites,  in  association  with  a  dark  gray  fina-f^ined 
diorite  and  a  grayish  green  chloritic  schist ;  a  few  of  the  fragments  were  in  parts, 
«oated  with  hydrated  peroxide  of  iron.  Some  specimens  of  the  magnetic-pyrites 
fiom  this  deposit  contained  numerous  flakes  of  muly bdenite.  It  iras  foand  to  contain 
aftw'dryingat  100°  C,  (Hygiosoopic  water=0'Ci85  per  cent.) 

Iron  ZTM 

Copper 90S 

Solidinr 18  69 

Insoluble  matter  (gangue) 36 '  S3 

Gold mere  traces. 

S'lver 2  ■  187  oi.  to  the  ton  of  2,000  lbs. 

(Ann.  Rep.  GeoL  Snrv.  Can.  Vol.  I,  1S86,  Fart  M,  pp.  19-21. 
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first  combination  of  c«pital  which  Berionsl;  undertook  the  1 
mining  in  this  area,  while,  at  the  same  time,  having  the  distinction  of 
being  the  onl;  corporation,  which  has  oontinned  its  operations  withoat 
aerious  iaten-uption,  from  the  commencement  until  the  present  tia>6. 

The  McAllister  mine,  later  called  the  Lady  Macdonald  mine,  (now 
No.  4  mine  of  the  Canadiao  Copper  Company's  gronp),  situated  on 
the  north  aide  of  the  lake  of  the  same  name,  on  lot  T,  oon.  III.,  of  the 
township  of  Snider,  was  the  Rrat  property  on  which  any  work  was 
done  in  the  summer  of  1865,  although  later  in  the  fall,  the  Evans 
mine,  about  two  and  a  half  miles  farther  south  in  the  some  township, 
Oanadi^  was  opened  up  and  s(Mne  preliminary  tests  made.  On  January  6,  1 886, 
(HuaDiied.'  the  Canadian  Copper  Company  was  formed,  with  a  subscribed  and  paid 
up  capital  of  92,000,000,  which  was  afterwards  increased  to  t2,600,OOO, 
to  operate  the  Copper  Clif^  Stobie  and  Evane  mines. 

MininKBUrt-  On  May  1st,  18^6,  work  was  started  in  earnest  at  the  Copper  Cliff 
Clifl!  ^^^  mine,  near  the  north  end  of  lot  12,  con.  II.,  of  McKim  township,  and 
the  first  shipments  of  ore  made  from  the  district,  were  obtained  from 
the  surface  openings  of  the  original  Copper  Cliff  mine.  Later  on  in 
the  same  year,  both  the  Stobie  and  Evans  mines  were  opened  vp,  and 
the^e  three  mines  together  produced  all  the  ore  treated  in  the  smelters 
Mnt  UMt  at  Copper  Clifl;  until  the  year  1898.  The  firat  blast  furnace  installed 
at  the  old  or  East  Smelter  was  blown  in  on  December  2i,  1888,  this 
being  augmented  under  the  same  roof  by  a  second  blast  ftimace, 
which  was  started  on  September  4,  1889.  During  ISDfi,  and  1897, 
diamond  drill  exploratory  work  was  undertaken  in  connection  with 
the  deposits  afterwards  known  as  the  No.  1  and  No.  2  mines  with 
their  extensions,  and  in  1898,  many  of  these  openings  produced  a  con- 
siderable quantity  of  high  grade  ore,  but,  with  the  exception  of  the 
No.  2mine  deposit  at  No.  2,  there  was  apparently  no  very  large  or  contiauons 
body  encountered,  for  they  were  soon  abandoned  and  are  now  com- 
pletely dismantled.  About  the  same  time,  what  is  now  the  largest 
open  pit  of  the  whole  group  of  the  Copper  Cliff  mines  (No.  2),  was 
started  in  earnest,  soon  supplying  a  very  large  quantity  of  ore,  which, 
however,  contains  a  considerable  admixture  of  rocky  matter.  The 
EvaDsminc  Evans  mine,  although  with  some  rather  seriouft  interruptions,  con- 
closed  down,  tinued  to  furnish  ore  until  late  in  the  fall  of  1899,  when  it  closed  down, 
and  to  all  appearances  has  been  permanently  abandoned.  The  engines, 
boilers  and  other  machinery  have  been  removed,  and  the  rails  of  the 
spur  connecting  the  mines  with  the  main  line  of  railway,  have  all  been 
torn  up  and  carried  off  to  be  used  elsewhere.  In  the  fall  of  1899,  pre- 
parations were  made  for  opening  up  the  Frood  mine  (No.  3),  situated 
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ft  little  over  a  mile  Bonthweat  of  the  Stobie  mine,  on  lot  6,  ooq.  TI.,  Frood  n.iae 
of  the  township  o£  McKim,  and  early  in  1900,  this  was  added  to   the  "l""^^' 
lint  of  prodacing  mines.     Daring  1899,  and  succeeding  Bnasons,  many 
of  the  openings  northwest  of  JHo.  2  mine,  as  well  as  some  of  the  pits 
and  shafts  known  as  the  Clarabelle  group  of  mines,  were  being  oper-  ClanbeUa 
»ted  at  one  time  or  another,  and  added  materially  to  the  reserres  of 
ore,  but  all  of  these  were  shut  down  in  the  spring  of  1902,  when  the 
bosineaG  of  the  comp:iny  was  being  curtailed,  pending  reorganization 
and  oonsolidatioa  of  the  various  interests.     In  July,  1900,  the  work 
of  stripping  at  the  Creighton  mine  was  begun,  and  in  August  of  the  Openuig  of 
following  year,  ore  was  shipped  for  the  first  time  to  the  roaat  yards  at  mine. 
Copper  Clitr.     The  Creighton   mine  is  undoubtedly  the  largest  mine 
in  the  district  of  which  we  at  present  have  knowledge,  and  from  the 
very  beginning  of  operations,  has  produced  very  large  quantities  of  the 
almoat  pure  sulphides,  with  little  or  no  rooky  admixture.     It  is  espe* 
f»ally    valuable  as  carrying  a  high  percentage  of  nickel,  with  a  very 
much  smaller  proportion  of  copper.    The  mine  is  situated  on  the  north 
half  of  lot  10,  concession  I.,  of  the  township  of  Snider,  about  six  miles 
in  a  straight  line  west  of  Copper  Cliff  station.     The  ore,  when  mined, 
is  carried  on  cars  over  the  Manitonlin  and  North  Shore  Railway,  on 
the  north  side  of    which  the  mine  is  located,  to  ClarabeUe   junction 
where  connection  is   made  with  the  railway  owned  by  the  Canadian 
Copper  Company.     Before  the  opening  of   the  Creighton  mine,  the  3tobie  mine. 
Stobie  had  the  distinction  of  having  supplied  the  largest  quantity  of 
ore  of  all  the  Canadian  Copper  Company's  mines,  and  with  the  excep- 
tion of  some  minor  stoppages,  this  mine  was  in  oontinuous  operation 
from  the  date  of  ito  opening  in  1886,  until  November,  1901,  when  it  cioMd  down 
closed  down  and  has  remained  so  ever  since.     The  reason  for  this  ce*- '"  ^^^ 
sation  of  operations  does  not  appear  to  be  that  the  end  of  the  deposit 
has  been  reached,  but  because  the  quality  of  ore  which  it  supplies  is 
not  needed  tn  the  present  smelting  operations.     The  Creighton  mine  Veiy  hope 
is  at  present  the  main  source  of  supply,  and  this  mine  wi^  its  equip-  ^^  ^^^ 
ment  allows  for  a  production  of  between  500  and  600  tons  of  ore  per  'o"  ""'"b. 
day,  and  Dr.  Coleman   is  authority  for  the  statement  that  for   some 
time  in  1902,  the  output  from  this  mine  alone  reached  17,000  tons  per 
month.    The  old  or  original  Copper  Cliff  still  continues  to  supply  about 
1,000  tons  of  ore  per  month,  obtained  mainly  from  the  13th  and   14th 
levels,  the  latter  workings  being   1,052  feet  below  the  surface ;    but 
even  at  this  depth  the  ore  body  shows  no  serious  diminution,  either  in 
site  or  richness.     No.  2  mine  and  the  Frood  (No.  3),  complete  the  list 
of  mines  from  which  at  present  the  supply  of  ore  is  drawn.    The  mines 
of  this  company,  not  in  use  at  present,  must  not  all  be  considered  as 
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haviag  been  permaDeotl;  abftndoned,  but  the  openings  now  utilized 
produce  an  ample  supply  of  the  sulphide  material  of  the  various  grades 
suitable  for  smelting. 

This  activity  in  mining  at  Copper  Ch^  and  th«  itteady  increase  in 
the  production  of  ore,  necessitated  constant  additions  to  the  ameltinx 
equipment,  as  well  as  the  erection  of  new  and  suitable  buildings  for 
the  acoommodatioD  of  the  new  blast  furnaces.  We  thus  find,  that,  be- 
sides the  enlargement  of  the  old  or  East  Smelter,  where  three  new  fur- 
naces were  installed  in  addition  to  the  two  already  mentioned,  an  en- 
tirely new  structure  known  as  the  West  Smelter,  was  built  in  1899. 
At  first,  this  building  had  room  for  only  4  fumacee,  but  this  was  quick- 
ly enlarged,  and  the  furnace  capacity  doubled.  The  site  chosen  for 
this  new  building,  was  on  the  slope  of  the  hill  about  300  feet  south- 
east of  the  No.  2  mine  rock  house,  the  deep  valley  to  the  south  pro- 
viding a  convenient  and  ample  dumping  ground  for  the  slag. 

Since  the  inauguration  of  this  smelter,  the  one  at  the  east  end  of 
the  works  is  being  gradually  abandoned,  and  much  of  the  old  plant  has 
already  been  removed  to  the  site  of  the  new  building.  The  work  done 
at  this  place,  since  the  suspension  of  operations  in  the  beginning  of 
1902,  has  been  rather  spasmodic,  and  has  consisted  mainly  in  the  pro- 
duction of  a  low  grade  matte  known  as  'spilt  matte.' 

Thus,  several  of  the  furnaces  at  this  smelter  were  being  employed  in 
producing  this  matte  from  June,  1902,  until  the  end  of  the  year.  In 
addition,  two  of  the  furnaces  have  b^n  engaged  from  time  to  time, 
making  experiments  in  the  way  of  smelting  the  ore  pyritioallv.  It  is 
hoped,  by  this  method,  to  reduce  the  coke  to  3  or  4  per  cent  of  the 
charge,  by  using  a  hot  blast  and  an  oxidizing  atmosphere  in  the  blast 
furnace,  and  utilising  the  heat  developed  by  the  burning  of  the  sulphur 
and  iron  of  the  ore,  for  the  smelting.  In  the  fall  of  1900,  the  plant  of 
the  Ontario  Smelting  Works  was  installed  by  the  Orford  Copper  Com- 
pany, H.n  organization  closely  related  to  the  Canadian  Copper  Compa- 
ny. The  works,  as  completed,  are  designed  to  further  refine  the  first 
or  lower  grade  matte,  produced  by  the  blast  furnaces  of  the  Canadian 
Copper  Company,  using  as  a  flux,  the'  silicious  ore  from  the  Maasey 
Copper  mine. 

Perhaps,  the  most  important  event  in  the  development  of  the  nicke] 
industry,  either  in  this  district  or  elsewhere,  occurred  in  April,  1902, 
when  after  negotiations,  covering  a  period  of  several  months,  the  Inter- 
national Nickel  Company  was  organized  under  the  laws  of  the  State 
of  New  Jersey,  to  consolidate  and  control  the  nickel  production  of  the 
world.     The  following  properties  were  included  in  the  new  organiza- 
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tion ; — ^The  C&nadiaD  Copper  Compuiy ;  tli9  Orford  Copper  Comp&n;, 
with  reduction  works  at  Bayonne,  N.J. ;  the  Anglo-Amerioau  Iron 
Company,  and  the  Termilion  Mioiog  Company,  in  Can&da ;  the  Ame- 
rican Nickel  Works,  in  Cunden,  N.J. ;  the  Nickel  Corporation,  Limit- 
ed, and  the  Soci^td  Mioi^re  Caledonienne,  in  New  Caledonia.  Dnr- 
iog  1902,  and  1903,  mining  operations  were  considerably  cartailed,  ex- 
cept in  the  cose  of  the  Oreighton  mine,  where  the  production  has  been 
brisk  «Ter  since  it  was  first  opened.  This  has  permitted  certain  very  Mining 
necessary  explorations  of  many  ot  the  ore  deposite,  by  diamond  drilling  ^^J]^^ 
and  testing  shafts.  The  results  of  these  experiments,  have  added  very 
largely  to  the  detailed  knowledge,  not  only  in  regard  to  the  size  and 
shape  of  the  deposits  already  known,  but  haa  succeeded  in  revealing 
the  presence  of  conaiderable  bodies  of  ore,  whose  presence  had  not  been 
■UApected. 

Such,  in  brief,  is  the  record  of  the  principal  events  in  the  develop-  BnainoB-like 
ment  of  the  mining  and  metallnrgicctl  operations  of  this  pioneer  com.  CaoMlikii 
pa&y,  in  the  nickel  industry  in  Canada.  From  the  start,  their  work  baa  t^PP"  Co. 
always  been  characterized  by  energetic  and  business-like  methods,  and 
if  at  the  present  time,  they  seem  to  have  gained  control  of  more  than 
their  fair  share  of  the  avulable  nickel  bearing  area,   which  likewise 
includes  many  of  the  mines  producing  the  largest  supplies  of  high  grade 
nickel  or^  the  result  must  not  be  attributed  to  chance  or  a  aeries  <rf 
fortunate  ciroumatanoes,  but  is  rather  the  strongest  evidence  of  the 
keen  business  foresight  of  the  originators  of  the  enterprise,  and  an 
abiding  faith  in  the  permanence  of  the  nickel  mining  in  this  district 

It  must  not,   however,  be  assumed  that  all  of  the  available  or  even  aI!  importuit 
important  deposits  of  nickel-copper  sulphides,  have  passed  under  the  n^b^wTto 
control  of  the  Intemational  Nickel  Company,  for  besides  the  Victoria  Intematioiud 
mines  of  the  Mond  Nickel  Company,  which  still  oontain  a  very  large 
reserve  of  high  grade  ore,  there  are  many  others  thronghout  the  dis- 
trict which  are  capable  of  economic  development  as  more  or  less  per- 
manent mines.    Suspension  of  operations,  so  often  recorded  in  the  his-  Romods  fw 
tory  of  the  mining  development  of  the  district,  does  not  in  all  or  even  ^!^^^^ 
a  majority  of  cases,  imply  a  failure  in  the  ore  supply,  bat  is  oftener  to 
be  attributed  to  a  waste  of  capital,  owing  to  lack  of  business  judgment, 
and  the  need  of  a  technical  knowledge  of  the  difficulties  to  be  encoun- 
tered in  both  the  mining  and  smelting  departments.    Moreover,  many 
of  the  deposits  have  been  oondemned,  because  they  failed  to  give  a  pro  NeoeMdQr  for 
per  return  for  the  capital  invested,  when  all  that  was  available  of  the  ^i^'***'**' 
latter  was  utilised  in  costly  experimMits,  to  disoover  new  methods  of 
smelting  or  refining.    Faat  experience  in  this  district  has  shown  that 
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ancoesa  &Dd  permanency  in  the  mining  and  smelting  operfttiona  of  any 
company,  can  only  be  secured  by  the  possession  ot  large  reeervea  of  ore, 
preferably  obtained  from -different  mines  or  deposits,  In  this  way,  not 
only  is  a  constant  supply  of  ore  assured,  but  diven>ity  in  composition  is 
possible,  thus  enabling  a  judicious  selection  of  the  different  grades, 
whose  mixture  in  the  proper  proportions,  promotes  successful  and 
economic  smelting. 

ImporUnt  ^'^  addition  to  the  deposits  wbich  are  still  available  along  the  South- 

deposits  on      g|.Q  Range,  most  of  which  are  in  various  stages  of  derelopment,  there 
Norcb  Nickel  are  other  apparently  very  large  and  important  ore  bodies,  situated 
"'  along  the  Middle  range  (in  Levack  township) ;  and  others  again  on  the 

Kortbem  Kickel  Range  which  are  certainly  worthy  of  close  attention 
and  which  seem  destined,  in  the  near  future,  to  be  worked  as  mines. 
The  lack  of  transportation  facilities  bas,  up  to  the  present,  prevented 
any  deep  mining  work  being  done,  but  tbe  surface  indications  and  geo- 
logical conditions  are  entirely  favourable  to  the  existence  of  large  ore 
bodies,  which,  although  perhaps  not  attaining  the  phenomenal  dimen- 
sions of  tbe  Creighton  mine,  will  nevertheless  prove  of  sufficient  magni- 
tude to  form  valuable  mines. 

Henry  H.  yi\Aa.n  <fc  Co. 

Beginning  of  1^^  incidents  attending  the  discovery  of  the  deposit  which  was 
Suriav  mine  *''^^'^*"**  known  as  the  Murray  mine,  have  already  been  related,  as 
also  the  fact  that  it  was  located  over  a  year  previous  to  either  the 
Copper  Cliff  or  Stobie  mines.  In  spite  of  this  circumstance,  however, 
and  its  advantageous  situation  on  the  main  line  of  the  Canadian  Pacific 
Railway,  no  mining  of  any  importance  woe  done  in  oonnection  with 
this  property  until  early  in  the  year  1889.  During  the  whole  of  this 
season,  however,  it  was  prospected  under  bond  by  H.  H.  Vivian  •&  Co., 
of  Swansea,  Wales,  and  in  October,  of  the  same  year,  it  was  sold 
outright  to  this  company  by  the  original  owners.  The  mine  is 
situated  on  the  north  half  of  lot  11,  con.  T.,  of  McElim  tovnahip. 
All  the  necessary  machinery,  buildings  and  other  adjuncts  were 
installed,  and  preparations  made  for  carrying  on  the  business  of  mining 
on  an  extensive  acale. 

Smelting  kt  The  first  blast  furnace  at  the  Murray  mine  was  blown  in  about  the 

Mumj  iDine.  ^^  ^  September,  1890,  and  put  to  work  on  some  ore  which  had  been 
previously  roasted.  The  general  practice  followed  by  this  company  in 
tbeir  smelting  operations,  consisted  in  the  production  of  a  comparati- 
vely low  grade  blast  fumaoe  matte  (averaging  9.1  per  cent  nickel  and 
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4.7  per  cent  oopper),  thus  prarenting  an  andue  loss  of  the  metala  in 
the  slag,  and  subsequently  beasemerizing  this  into  a  second  or  higher 
grade  matte  (averaging  nearlj  75  per  cent  of  the  combined  metaU  or 
about  49  per  cent  nickel  and  26  per  cent  eopper).  For  this  second 
concentrolion  of  the  metallic  contents,  the  Vivians  were  the  first  to 
make  nee  of  the  Manh^  furnace  or  converter  in  1891.  Mining  and  CwAtionof 
smelting  operations  were  continued,  although  with  some  minor  inter- 
ruptions, from  18S9  until  1894,  when  the  works  were  finally  closed 
down.  Between  Auguat,  1896,  and  January,  1897,  however,  the 
smelter  was  engaged  in  producing  matte  from  about  6,000  tons  of  ore 
which  had  been  roasted  by  the  Vivians.  This  product  was  shipped  to 
Mr.  Joseph  Wharton,  of  Camden,  N.  J.,  to  whom  it  had  been  sold. 

The  purchase  of  the  Murray  mine  by  this  old  established   and  well  Purchase  of 
known  firm  of  Welsh  smelters,  was  regarded   by  all  as  marking  a  dis-  b;  ViviaiiB  of 
tinct  epoch  in  the  history  of  nickel    mining  in  Canada.     Their  '*'<^o  to^hole""" 
experience  in  all  branches  of  metallurf^ical  industry,  seemed   to  augur  district. 
well  for  the  success,  not  only  of  their  own   individual  enterprise,  but 
their  presence  in  the  district,  promised  to  be  of  immense  assistance  to 
othem  similarly  engaged  in    the  mining  and  smelting  of  these  nickel 
and  copper  sulphides.     The  difficulties  which  always  attend  the  initia- 
tion of  a  new  undertaking,  were  in  evidence  from  the  very  beginning 
of  the  business  of  nickel  mining,   and  were  of  that  nature,  which 
required   the  exercise  of  just  such  ripe  technical  knowledge  as  the 
Vivians  were  sure  to  possess.   Moreover,  such  a  significant  acknowledg- 
ment of  the  success  and  permanence  of  nickel  mining  in  Canada,  on 
the  part  of  a  firm  whose  sphere  of  activity  in  mining  and  smelting  had 
extended  to  all  parte  of  the  known  world,  could  not  fail  to  have  a  most 
marked  influence  on  all  subsequent  mining  operations  in  the  district. 
It  was,  therefore,  to  say  the  least,  bitterly  disappointing,  that  from  the  Cum  of 
very  outset,  a  seeming  lack  of  energy,  and  often  even  of  ordinary  busi-  "  ""^ 
nesB  ability,  on  the  part  of  those  who  had  control  of  the  work,  was  a 
subject  of   common  remark,    being  in  marked  oontrast  to  the  alert 
methods   characterizing  the   operations   of  the  rival    corporation,  the 
Canadian  Copper  Company,     This  was  evident  in  almost  every  depart- 
ment of  the  work,  and  the  apparent  lack  of  technical  knowledge  and   - 
business  capacity  on    the  part  of  this    firm,  from  whom  so  much  had 
been  expected,  could  not  be   very  well   understood  by  the  ordinary  Ap^hy  of 
observer.     On  the  other  hand,  the  management  entrusted  with  the  mauseiDeiit. 
conduct  of  affairs   at  the  mine,  complained  of  want  of  interest  and 
attention  on  the  part  of  the  authorities  in  England,  but,  whatever  the 
real  cause  or  combination  of   causes,  the  enterprise  was  not  attended 
with  the  sucoees  anticipated,  and  which  should  have  been  reasonably 
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expected.    The  final  decision  of  the  compan;  to  clcee  down  uid  with- 
draw from  the  buainesa  of  miiiiDg  in  Cutada,  CMne  as  a  distinct  shook 
to  all  those  who  were  interested  in  seeing  the  permanency  of  the  nickel 
Ore  stiU  pi«-    mining  established.     The  failare  of  theoe   operations  must  not,  tbere- 
levda  of  mine,  fore,  be  attributed,  as  some  have  supposed,  to  the  diminution  in  depth  of 
the  ore  body   or   to  abundant  rocky  admixture,  although    these,  no 
doubt,  cootribnted  to  a  certain  extent  to  bring  about  the  utwlesirable 
result.     It  seems  altogether  reasonable  to  suppose  that  a  considerable 
quantity  (^  ore  is  still  present,  lioth  in  the  lower  levels  of  the  mine, 
as  well  as  below  these  workings  at  depths  which  have  not  yet  been 
reached  by  the  mining  explorations  so  far  undertaken,  which  could 
be  profitably  mined  in  oonjunction  with  other  deposits.     In  this 
Neoeuity  for  respect,  the  Tiviaos  were  at   a   manifest  deaadvantage  as  compared 
^1^^  ^     ^  with  ibe  Canadian  Copper  Company,  the  varied  composition  and  cha- 
racter of  the  ores  from   whose  different   mines  permitted,  and  even 
favoured,  the  mixtures  which  are  seemingly  so  essential  for  the  suc- 
cessful and  economical  smelting  of  these  sulphide  ores.     In   addition 
Lady  Violet     to  the  Murray  mine,  the  Vivians  owned  the  nickel  and  copper  deposit 
™"'°'  known  as  the  I^dy  Violet  mine,  situated  on  the  north  half  of  Lot  1, 

con.  IV.,  of  the  township  of  Snider,  about  1}  miles  southwest  of  the 
Murray  mine.  The  mining,  however,  undertaken  at  this  locality  con- 
sisted chiefly  of  stripping,  the  sinking  of  trial  shafts,  and  other  preli- 
minary development  work.  A  blacksmith's  shop  and  some  temporary 
residences  were  the  only  buildings  erected. 

DikauMid  drill      Some  rather  extensive  diamond  drill  exploration  work  was  subse- 
Mumvimd*'  qi^"*"'?  undertaken  by  order  of  the  Board  of  Directors  in  England,  at 
I*dy  Violet    both  the  Murray  and  I^dy  Violet  mines,  but  unfortunately,  the  diSe- 
rent  sites  for  the  drill,  as  well  as  the  angles  of  inclination  and  direc- 
tion of  the  bore  holes,  were  determined  by  some  of  these  s&me  direc- 
tors in  England,  whnee  only  means  of  guidance  in  this  selection,  seems 
to  have  been  maps  of  the  two  properties  in  question,  but  without  any 
very  extended  personal  knowledge  of  the  actual  geological  conditions 
prevailing  at  these  places.    As  might  have  been  expected,  from  opera- 
tions carried  on  under  such  adverse  conditions,  no  important  ore  bo- 
dies were  enoonntered,  nor  was  any  information  of  material  value  ob- 
tained, which  might  be  of  assiatanoe  either  to  the  owners  or  to  any 
prospective  buyer.     The  diamond  drill  used  belonged  to  the  Ontario 
government,  and  was  loaned  to  the  Vivians  under  the  usual  conditions 
(^(^  of  working  in  1898.  Boring  was  begun  on  the  2nd  of  December,  1898, 

diamond  and  the  work  continued  until  the  1 6th  of  June,   1899,  the  number  of 

days  of  actual  boring  being  312,  of  10  hours  each.     In  all,  eight  holee 
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were  pub  down,  hikviag  an  Rggr^ate  deptii  of  1,146  feet,  vhich  cost 
on  an  average  $2.65  per  foot.  (1) 

Since  the  abandomnent  of  active  mining,  the  property  has  been  under  Caretalcar  Kt 
the  charge  of  Mr.  G.  H.  Bohenna,  who  has  been  continttously  employ-  Mu™?""'" 
ed  looking  after  the  variona  buildings  and  machinery,  while  a  pump 
haa  kept  most  of  the  levels  comparatively  tree  from  water. 

J?otninion  Minercd  Company. 

The  Dominion  Mineral  Company  commenced  mining  operations  in  LocatioD  of 
the  summer  of   1889,  on  a  deposit  of  nickel  and  copper  ore  known  aa  "'''•™  """*■ 
the  Blezard  mine,  occurring  on  lot  4,  con.  II.,  of  Blezard  township, 
about  \\  miles  north  of  the  Stobie  mine,  at  the  southern  edge  of  the 
Main  or  Southern  Range  of  norite,  which  here  comes  in  contact  with  the 
older  diorit«8  and  hornblende  schists.     A  smelter  was  soon  built,  with 
a  furnace  capacity  of  120  to  IGO  tons  daily.    J'our  shafts  were  sunk  Erectinn  of 
at  this  mine,  the  deepest  of  which  seems  to  have  reached  a  point  172 
feet  below  the  surface.     Most  of  the  ore  secured,  however,    was  by 
means  of  a  series  of  large  open  pits  which  are  at  present  filled  with  Odmpojition 
water.     The  "kies"  or  metal  lie  portion  of  the  ore  thus  obtained  is  ***  ™*- 
aaid  to  have  averaged  about  4  per  cent  nickel  and  2  per  cent  oopjKr. 
For  reasons  which  have  been  differently  stated,  mining  operations  were 
discontinued  in  the  summer  of  1S93,  and  have  not  been  resumed  since  Oemtion  of 
The  smelter,  however,  at  thiamine,  was  kept  running  untilJuly,  1895,  ope"ti™«- 
oa  ore  brought  chiefly  from  the  Worthington  mine.     The  total  pro.  Froductioo. 
dnotionofore  cannot  be  accurately  given,  but  the  figure  of  100,000 
tons  ia  certainly  somewhat  below  the  actual  output.     The  Worthing- 
ton  mine,  also  worked  by  the  same  company,  is  situated  at  a  station  Discovery  uiii 
of  the  same  name,  on  the  Sault  branch  of  the  Canadian  Pacific  rail-  Wo^higtoti 
way,  twenty-five  miles  west  of  ijudbury.     The  mine  itself,   consisting  "iiDe. 
of  two  shafts,  lies  close  t^  the  line  between  lots  1  and  2,  con.  II.,  of 
the  township  of  Druiy.     It  was  discovered  at  the  time  of  the  cons- 
tmction  of  this  branch  by  Mr.  James  Wortbtngton,  one  of  the  railway 
contractors.     Actual  mining  was  started  on  this  property  in  the  sum- 
mer of  1890,  and  continued' without  much  interruption  until  the  mid- 
dle of  September,  1894,  when  operations  ceased,  and  with  the  excep- 
tion of  a  short  time  in  1903,  when  the  mine  was  pumped  out  for  par-  Depth  of 
pose*  of  inspection,  no  work  of  any  oonseqnenoe  has  since  been  done,  '"totng. 
From  the  two  shafts.  One  of  which  reached  a  depth  of  100  feet,  and 
the  other  176  feet  below  the  surface,  as  well  as  from  two  adjoining 

(1)  Ann.  Rep.  Bar.  of  UiD«a,  Oat.,  1901,  pp.  C3  ft  C6. 
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PmdootitHi  of  atopM  ukd  cotUMoting  levels,  a  considerable  smount  cd  onuBakll;  high 
Wwthmitton  ^^  ^^  ^^  obtwned,  which  has  been  estimated  by  Dr.  Coleman  at 
26,000  tons.     The  pyrrhotite  occurring  at  this  mine  is  often  pheno- 
menslly  high  in  nickel,  obiefly  owing  to  abtmdantly  disseminated  pen- 
tlaoditP,  and  the  first  recognition  of  this  mineral  in  the  district  was 
ClwrftcMr  snd  by    Dr.   T.  L.  Walker,    in  the  ore  procured  from    this  mine  by    the 
o^^oion      vr£ter  [q    1891,    and    to   which  reference    has  already   been   made. 
WtvthiDgtoii    The  aoalyais  of  this  pentlandite  by  Walker  showed  30  per  cent  nickel, 
but  an  exsmination  of  some  large  masses  of  ore  obtaiaed  at  a  depth  of 
8K  feet  below  the  surface,  and  consititing  of  pyrrhotite  with  a  conside- 
rable proportion  of  pentlandite,  which  could  be  readily  disoemed,  showed 
17*48  per  cent  of  nickel.     In  1891,  a  shipment  of  raw  ore  was  made 
from  this  mine  of  133  tons,  which  contained  10  per  cent  nickel  and  3 
per  cent  copper.     Lai^  masses  of  practically  pare  chaloopyrite  were 
also  obtained,  and   a  considerable  quantity  of  such  ore  ia  stated  by 
Manager  Att wood  to  have  betn  shipped,  assaying  18  per  cent  copper 
and  2-5  per  cent  nickeL 
Work  at  I^n  the  fall  of  1895,  some  development  work  was  done  by  this  same 

^^""'  company,  at  the  Cameron  mine,  on  lot  7,  con.  1,  of  Blezard  township, 

nearly  two  miles  eonthwest  of  the  Blezard  mine.  A  shaft  was  sunk  a 
distance  of  65  feet  with  a  drift  66  feet  in  length.  The  real  reason  for 
the  cessation  of  work  at  both  the  Worthington  and  Blezard  mines  is 
very  difficult  to  ascertain,  but  bad  business  management  was  responsl- 
Bewopafor  ble  in  large  part  for  many  of  their  difficulties  during  these  mining 
mining!"  "  operations.  Individual  members  of  the  company  state  that  the  pre- 
sent idleness  of  these  properties  is  because  no  decision  satisfactory 
to  all  parties  can  be  reached  by  the  board  of  directors,  so  that  work- 
ing under  these  conditions  is  impossible,  and  they  would  be  inclined 
to  seU. 

Some  of  the  other  companies  who  carried  on  mining  and  in  some 
cases  smelting  operations  for  a  time,  shortly  after  the  recognition  of 
this  area  as  a  mining  district  deserve  a  passing  mention  in  this  connec- 

Work  by  t^OO- 

A!^™»  One  of  these,  the  Algoma  Nickel  Company,  in  1891,  under  an  option 

secured  from  the  owners  of  the  property,  sank  four  shafts  varyiog  in 
depths  from  12  to  35  feet  and  aggregating  64  feet  in  all,  besides  some 
smaller  openings  or  test  pits  on  lot  11,  con.  V.,  ot  the  township  of 
Lome.  No  large  body  of  ore  was,  however,  met  with  as  a  lesolt  of 
this  development  work,  the  sulphides  apparently  occurring  as  unusually 
rich  impregnations,  which,  if  continuous,  might  prove  an  economic  pos- 
sibility. These  snlpbidea  occur  in  connection  with  what  is  seemingly 
the  BOttthweatem  extension  of  the  same  mass  or  band  of  norit«  o^ 
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which  die  Worthingtnii  and  Uitohener  mines  are  situated.  Work 
was  abandoned,  leaving  ore  piles  aggregating  abont  500  tons  in  weight. 
Assays  of  an  average  sample  in  the  laboratory  of  the  Sarrey  showed 
1'96  per  cent  oiokal,  with  traces  of  cobalt. 

The  Dmry  Nickel  Company  purchased  the  deposit  known  as  the  Dniry  Niokei 
Chicago  or  Travers  mine  in  1890,  and  began  active  mining  in  February,  ConiP»nr- 
1891.  This  mine  is  situated  on  lot  3,  con.  T,  of  the  township  of  Drury, 
about  6  milqe  north  of  Worthingtan  station,  on  the  Sault  branch  of 
the  Canadian  Pacific  railway.     Most  of  the  ore  was  mined  by  means  Miniiix  u 
of  open  cuts,  one  of  which  had  a  depth  of  30  feet,  length  60  feet  and  xravea  mine. 
width  30  feet,  from  the  bottom  of  which  a  shaft  8  by  12  feet  was 
sunk  to  a  depth  of  60  feet.     Another  open  pit  measured  40  feet  in 
length,  80  feet  in  width  and  30  feet  in  depth.     From  these  openings 
3,500  tons  of  ore  were  obtained,  and  reduced  to  matte  in  a  water-  Smelting. 
jacketed  furnace  capable  of  treating  60  tons  in  24   honr^.     A  roast- 
yard  was  prepared,  suitable  buildings  erected,  and  the  plant  installed 
neoeesary   for  permanent  mining,   but  in  spite  of  all  ibia,  the  mine 
cloeed  down  in  1892.  In  1893,  after  Ipng  idle  for  nearly  a  year,  some 
additional  mining  and  smelting  was  uudertaken,  but  this  was  also  soon 
abandoned.   On  May  20,  1896,  work  was  again  resumed,  the  company  Trill  Nickel 
being  reorganized  under  the  name  of  the  Trill  Nickel  Mining  and  Ma-  mL""?^ 
nufacturing  Company,  and  the  deposit  itself  was  rechristoned  the  Inez 
mine.     An  elevated  tramway,  4^  miles  long,   was  built  from  Wot"  Inez  mine. 
thington  station,  for  conveying  supplies  to  the  mine,  and  the  product 
of  the  mine,  in  turn,  to  the  station.     It  was  possible,  by  means  of  this 
tramway,  for  a  single  horse  to  haul  two  cars,  each  containing  two  tons, 
and  to  make  two  round  trips,  each  way,  daily.  Mining  and  smelting  con- 
tinned  briskly  again,  for  a  while,  but  before  August,  1897,  work  was 
again  stopped,  and  has  not  since  been  resumed. 

From  time  to  time,  mention  is  made  of  the    'Big  Levack  proper- LeT^ok mines, 
ties,'    thus  referring  to  certain  deposits  of  nickeliferous  pyrrhotite, 
which  were  discovered  early  in  the  history  of  the  district  in  the  town- 
ship of  Levack,  but  none  of  which  have  been  sufficiently  developed  to 
be  dignified   by  the  name  of  "  mine."     From  time  to  time,  however, 
considerate  work  has  been  done  and  examinations  made,  with  a  view 
to  possible  purchase,  but  for  various  reasons,  the  properties  are  at  pre- 
sent lying  idle  and  without  any  present  prospect  of  being  opened  up  in 
the   near  future.     The  deposits  in  question  are  situated  along  the  Winclr  Uko 
northern  junction  of  what  has  sometimes  been  called  the  Windy  lake  ^"'^^^^ 
eruptive  or  Middle  Belt  of  the  nickel-bearing  norite,  although  it  is  pos- 
sible that  this  is  a  portion  <^  the  huge  ellipsoidal  band,  and  the  south- 
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weat«ni  oontiiiuation  ot  the  Northern  Nickel  Range.  The  surface  indi- 
"  cdtiona  are  undoabtedlj  among  the  beat  in  the  district,  and  the  deve- 
lopment work  so  fftT  nndertftken  has  expoBod  a  verj  largo  amount  of 
almost  pure  nicketiferous  pyrrhotite,  with  little  or  no  rockjr  admixture. 
The  ore-body  has  the  additional  advantage  that  cbaloopyrite  forms 
only  a  comparatively  small  proportion  of  the  whole.  The  first,  and  pro- 
bably the  moet  extensive  mining  exploration  work  in  connection  with 
these  properties,  was  undertaken  in  lti91,  and  a  report  made  by  Mr.  A, 
Merry,  of  H.  S.  Vivian  and  Company,  for  the  owners  of  the  property. 
This  work  consisted  of  extensive  stripping,  and  the  removal  of  portions 
of  the  overlying  drift  material,  the  opening  up  of  numerous  cross  cute, 
trenches  and  test  pits.  The  average  assay  of  a  number  of  typical  sam- 
ples, made  by  Mr.  Merry,  showed  the  presence  of  3.86  per  cent  of  nickel 
in  the  pyrrhotite,  with  0.81  per  cent  of  copper.  Assays  made  in  the 
laboratory  of  the  Survey  show  the  nickel  to  vary  from  1.96  to  4.13 
per  oeot,  the  lower  figure  containing  considerable  gangue,  while  ^e 
higher  results  were  obtained  from  the  solid,  coarse-grained  pyrrhotite. 
Early  in  1901,  some  of  these  locations  were  examined  by  means  of  dia- 
mond drill  exploration,  under  option  by  the  Mond  Nickel  Company, 
but  to  the  disappointment  of  all  who  were  concerned  in  the  welfare  of 
the  district,  this  company  decided  to  abandon  their  option,  and  the 
property  was  again  thrown  on  the  market.  It  is  manifestly  unwise, 
as  a  rule,  to  coademn  as  worthless  the  testimony  afforded  by  diamond 
drill  exploration,  especially  when  such  work  is  under  the  superinten- 
dence of  men  thoroaghly  experienced  in  the  mode  of  occurrence  of  the 
class  of  deposit  to  be  tested,  but  an  inspection  of  the  work  performed 
at  this  time,  seems  thoroughly  convincing,  that  much  of  what  was  done 
added  very  little,  if  any,  information  to  what  we  already  possessed  in 
regard  to  these  deposits,  or  than  can  be  secured  without  such  costly 
assistance.  We  are,  therefore,  still  in  the  dark  as  to  whether  or  not 
there  are  any  large  or  continuous  bodies  of  ore  at  these  places,  and  if 
the  former,  as  to  their  most  likely  d  isposition.  Alt  geologists  who  have 
visited  these  deposits,  and  especially  those  who  have  had  wide  expe- 
rience in  the  district,  are  agreed  that  large  and  valuable  ore-bodiee  are 
likely  to  occur  at  this  place.  The  rock  is  the  usual  norite,  with  which 
all  the  other  mines  of  the  district  are  associated,  while  the  contact 
is  well  and  sharply  defined,  and  the  differentiation  pronounced.  The 
area  covered  by  the  nickel-bearing  norite  is  very  large,  and  no  other 
deposits  have  been  found  in  connection  with  this  eruptive.  The  anglft 
of  dip  to  the  southeast  is  unusually  low  for  the  distiict,  and  this  fact 
has  to  a  large  extent  prevented  its  successful  exploration.  The  deve- 
lopment work,  aa  well  as  the  borings  undertaken  by  the  diamond  drill. 


ib.  Google 


HIBTORT   OF   DBVSI^PHBNT  37 

seem  to  incliae  the  oasaal  observer  to  the  conclusion  ihftt  the  deposit  Suggeetioiu 
is  a  'pancake'  and  has  no  great  depth    or  permanenoe.     -*■  •=*™^''l  eipSration 
studj  of  the  attitude  of  the  outcrops  of  rock,  as  well  as  their  surface  work. 
outline  in  the  immediate  vicinity  of  the  aitea  chosen  for  drilling  pur- 
poses, is  convincing  that  no  deep  deposit  need  be  expected  in  their  vitn- 
nity,  while  on  the  other  hand,  it  seems  reasonable  that  the  main  body 
of  the  sulphides  is  concealed  beneath  the  drift,  at  the  base  of  the  hill, 
where  no  trials  whatever  have  been  made.     A  shaft  sunk  here  and 
continued  with  the  granite-gneiss  as  a  foot-wall,  with  drifts  outward 
towards  the  main  mass  of  the  norite,  would  show  definitely  and  finally 
not  only  if  any  large  and  continuous  ore  body  is  present  along  this 
line  of  junction,  but  at  the  same  time  would  secure  a  considerable 
amount  of  ore,  which  could  afterwards  be  used. 

In  1891,  a  shaft  was  started  on  the  Davis  property,  known  as  the  Locatioo  and 
Sheppard  or  Beatrice  mine.     This  deposit  is  situated  along  the  north-  d2!^' 
etatwn  extension  of  the  same  line  of  junction  as  the  Blezard  mine,  bet-  Sheppud 
ween  the  norite  and  greenstone.     It  is  on  lot  1,  oon.  III.,  of  Blezard 
Township,  neariy  two  miles  north-east  of  the  Blezard  mine,  with  which 
it  is  connected  by  wagon  road.     The  shaft,  10  by  12  feet,  was  sunk  to 
thedeptb  of  100  feet,  with  three  small  drifts,  aggregating  34  feet  Work, 
however,  was  not  continued  after  April,  1893. 

In  the  same  year,  (1891),  a  shaft  was  sunk  and  considerable  develop-  Operations  by 
ment  work  done  by  the  Emmens  Metal  Company,  on  the  property  after-  mTS'co  M 
wards  known  as  the  Macdonell  or  Geradorffite  mine,  situated  in  the  Qeradorffiteor 
southeast  corner  of  lot  12,  con.  III.,  of  the  township  of  Denison,  and  mine. 
about  one  mile  and  a  half  northeast  of  Worthington  station.     This  lo- 
cality is  remarkable  as  having  furnished  the  first  speoimensof  the  rich 
nickel  minerals,  nicoolite  and  gersdorffite  in  the  district,  but  as  no  large 
body  of  ore  was  discovered,  mining  operations  toon  came  to  an  end. 

In  1694,  the  deposit  known  as  the  Trillabelle  mine  was  opened,  and  THUabelle 
a  shaft  60  feet  in  depth  sunk  on  the  deposit.     This  mine  is  situated  on  '">''°- 
lots  10  and  11,  con.  III.,  of  the  township  of  Trill,  and  is  connected 
by  wagon  road,  by  way  of  the  Inez  or  Travers  mine,  with  Worthing- 
ton station,  which  is  about  13  miles  distant. 

In  1898,  the  deposit  which  was  named  the  Kirkwood  mine,  situated  Mining  at 
on  lot  8,  COD.  IIL,  of  the  township  of  Oarson,  at  the  eonthern  edge  of  ^k^vood 
the  main  or  southern  belt  of  norite,  along  the  same  line  of  junction  as 
the  Blezard  and  Beatrice  mines,  was  opened.  Three  shafts  were  sunk, 
the  deepest  of  which  was  rather  less  than  50  feet.  A  substantial  rock 
hooBO  and  other  suitable  mining  buildings  were  erected,  but  for  lack 
of  sufficient  capital  the  work  has  not  proceeded  further. 
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Qn^ilmkm        On  Ootober  6,  1899,  th«  Great  LaJies  Copper  Company  wm  ot- 

pin-hBWT  of      ganiied,  and  purchased  the  property  knowa  aa  the  Mount  fTickel  mine, 

M**  TNi^al  *'0™P"'"'8  lo**  5  •"><*  ^>  """"i  I^>  o*  ^^  township  ol  Blezard.     They 

Bijae.  also  parohased  what  wai  known  as  the  "  Trill  Property,"  cooaiBtiog  of 

lots  9  and  10,  in  cona.  III.,  and  IV.,  of   the  township  of  Trill  in  the 

district  of  Algoma.     The  Mount  Nickel  mine  was  ohoaen  as  the  scene 

of  the  first  mining  operations,  and  this  deposit  was  developed  by  meoos 

of  two  open  cuts  and  a  shaft,  which  eventually  reached  a  depth  of 

abont    166   feet,    with  certain   levels  and  drifts,  from  all    of    which 

considerable  ore  was  obtained.     It  is  also  stated  that  diamond  drill 

explorations  subeeqnently  undertaken  revealed  the  presence  of  a  good 

BqnipiDent      supply  of  ore.     The  mine  was  equipped  with  all  the  machinery  and 

ttu^nt'°^   other  appliances  for  carrying  on  extensive  mining  operatiooa.     The 

Nickel.  smelting  works  were  built  from  original  designs,  by  Anton  Oraf,  of 

Vienna,  and  it  was  proposed  to  produce   high   grade  matte  at  one 

operation,  from  oree  which  had  received  no  previous  roasting.     This 

method  of  smelting  failed,  and  in  May,  1901,  all  operatdons  ceased,  and 

have  not  been  resumed  since. 

Work  by  In  the  latter  part  of  1899,  it  was  aimounoed  that  a  strong  company, 

KefirnDK^Co     ^i^ler  the  title  of  the  Hoepf  ner  Refining  Company,  with  a  capital  of 
wd  the  $10,000,000,    had  been  formed  in   Hamilton,  to  refine  nickel-copper 

(^  ^^^  mattes  and  zinc  ores.     These  metals  were  to  be  recovered  by  electro- 

lytic methods  discovered  by  Dr,  Carl  Hoepfner.     The  Nickel  Copper 
Company,  of  Hamilton,  also  organized  about  the  same  time,  were  to 
furnish  the  necessary  supply  of  nickel-copper  matte.     Unfortunately, 
however,  Dr.  Hoepfner  was  unable  to  so  perfect  his  methods  as  to 
permit  of  its  economic  application  on  a  large  aoale,  and  the  Nickel 
Copper  Company  took  the  matter  of  experimenting  into  their  own 
hands.     The  services  of   Mr.   Hans  A.   Frasch   were  obtained,  who 
-  devised  what  is  known  as  the  "Frasch  Process."    This  meEbod  like- 
wise, although  possible  under  ordinary  conditions  of  laboratory  prao- 
tdoe,  as  was  demonstrated  at  a  public  exhibition  held  on  September  3, 
1900,  was  not  capable  of  commercial  application.     The  operations  of 
OpentioDB       the  Nickel  Copper  Company  came  to  an  end  in  1901,  owing  to  Uie 
'"        '  complete  failure  of  the  new  self  roasting  plant  erected  near  Worthing. 


Lakb  Sdpirios  Power  Compaky. 

rooMalB  for  ^°'  WKQS  time  after  the  opening  of  the  pulp  mills  at  Sault  Sta 
orkby  Lake  Marie,  the  Lake  Superior  Power  Company  were  oonteat  to  manu- 
ower  Co.       factnre  mechanical  pulp,  but  discovering  that  there  was  a  large  and 
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growing  demand  for  sulphite  pulp,  it  wma  decided  to  at  onoe  enter 
upon  its  manuEaoture.    The  proximity  of  the  anlphide  deposite  at 
Sadbory,  suggested  that  the  sulphur  which  was  neceoaary  for  the  pro- 
duction of  this  pulp  might  be  most  profitably  extracted   from  these 
ores,  and  at  the  same  time  yield  a  by-prodoob  of  very  great  value.  The 
preliminary  experiments  with  the  oickeliferoas  pyrrhotite  were  con- 
vincing that  luffioient  sulphur  dioxide  could  be  procured  from  this 
mineral  by  roasting,  while  at  the  same  time  the  roasted  ore  or  residue, 
consisting  essentially  ot  a  mixture  of  iron  and  nickel  with  only  a  com-  Manufacture 
paratively  email  percentage  of  sulphur,  could  be  mixed  with  lime  and  nickel 
charcoal   and   smelted   in  electric  furnaces  to   ferro-oickel.     It  was 
intended  at  the  time  to  employ  th<e  alloy  in  the  production  of  steel 
raits,  which  it  was  proposed  to  manufacture  in  large  quantities.     An 
inspection  of  all  the   available  dep<nits  of  nickeliferons   pyrrhotite 
segued  to  indicate  that  the  property  afterwards  known  as '  the  Qer-  Farchaae 
trude  mine  wai  peculiarly  adapted  to  meet  the  necessities  of  the  case  ^0^1^^* 
in  hand.     In  1899,  therefore,  the  Lake  Superior  Power  Company »'.  *«"™Je 
purchased  this  mine,  and  immediately  proceeded  to  develop  the  deposits 
which  were  situated  on  the  S.  ^  of  lots  3,  i  and  6,  of  ooncesaion  I,  of 
the  township  of  Creighton,  a  little  over  twelve  miles  west  of  Sudbury. 
The  preliminary  examinations  and  first  development  work  showed  an 
unusual  predominance  of  a  high  grade  nickeliferons  pyrrhotite,  with 
comparatively  little  of  the  objectionable  copper  in  the  form  of  inter~ 
mixed  chalcopyrite.     As  mining  operations  proceeded,  however,  more 
chalcopyrite  was  encountered,  and  the  deposit  gradually  assumed  the 
usual  characteristics  of  those  elsewhere  in  the  district,  and  the  copper  Larfcs  eiperi- 
coDtents  aitsumed  too  large  a  proportion  to  permit  of  the  successful  '?^^''.i 
carrying  on  of  the  first  proposal.     Repeated  experiments  were  mode 
with  many  car  loads  of  raw  material  shipped  to  the  works  at  the  Saalt 
for  this  purpose,  bub  it  was  finally  decided  to  adopt  the  ordinary  pro-  Ordinary 
oessee  of  smelting  in  use  elsewhere  throughout  the  district,  producing  method 
a  blast  furnace  matte  averaging  about  29  per  cent  of  the  combined  ■dopted. 
metals,  the  proportion  of  nickel  being  about  double  that  of  the  copper- 
In  1900,  the  development  of  the  Gertrude  mine  was  continued,  but  jjiQ^Qg 
the   necessity  of    transportation   facilities    greatly    hampered    these  ''5^^?'' 
operations.     Two  shafts  were  sunk,  one  attaining  a  depth  of  120  feet,  mine. 
and  the  other  of  80  feet,  with  several  levels  and  drifts.     In  the  spring 
of  1901,  the  Mauitoulin  and  North  Shore  railway  reached  this  mine, 
and   work    was   conducted    much   more   energetically.     Roost  yards 
were  prepared,   and  the  erection  of  a  smelter  commenced.     In  July  Opening  of 
of  that  year,  the  Elsie  mine  on  the  8.  J  of  lot  12,  concession  T.,  of  ™^^  ""»•• 
UoKim,  and  about  half  a  mile  southwest  of  the  Murray  mine,  was  open- 
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ed  Up.  The  ore  was  ahipped  in  CO  ton  steel  i:ara  to  the  roast  yards  &t  the 
Qertrude  miae,  and  the  first  shipment  of  ore  wot  made  to  this  place  on 
the  26th  of  Oatober,  1901,  on  the  completion  of  the  switch,  which  con- 
nects the  deposit  with  the  main  tine  of  the  Manitoulia  and  North  Shore 
railway.  The  smelter  at  the  Gertrude  mine  was  finished  in  June,  1903, 
and  afterwards  ran  steadily  throughont  the  year,  converting  100  to 
160  tons  daily  into  standard  matte.  In  November,  1902,  all  work 
was  suspended  at  the  EUie  mine,  to  permit  of  the  needed  removal  of 
soma  of  the  mining  bnildings,  whose  safety  was  threatened,  by  a  con- 
tinaance  of  the  mining  work.  Later,  in  1903,  the  whole  of  the  mining 
operations  in  the  Sudbiiry  district  shared  the  same  fate  in  conunon 
with  the  other  industries,  operated  by  the  some  company,  at  the  time 
of  their  failure. 

*       MoND  Nickel  Cohpamt. 


DiaooTery  of 

mcmoiide 


In  1889,  Dr.  Ludwig  Mond,  F.  R.  S.,  in  collaboration  with  Dr. 
Carl  Langer,  while  carrying  on  certain  ezfterimenta  for  determining  a 
aaitable  method  for  eliminating  the  carbon  monoxide  gases  containing 
hydrogen,  made  certain  observations,  which  eventually  resulted  in  the 
discovery  of  what  has  since  been  known  as  the  Mond  or  cacbon- 
monoxide  procesti,  for  separating  metallic  nickel  from  copper,  etc  In 
this  process,  there  were  many  technical  difflcuUies  to  be  overcome,  so 
that  although  a  patent  was  applied  for  on  the  12th  of  Augnst,  1890, 
it  Wm  seme  years  before  it  had  reached  such  a  stage  as  demonstrated 
Po^'ctioa  o[  i^  possibilities  of  commercial  success.  In  1892,  an  experimental  plant, 
erection  of  on  a  large  scale,  was  erected  at  Smethwick,  near  Birmingham,  England, 
refineriea.  ^^^^  after  several  years  of  patient  work,  during  which  time  the  plant 
had  to  be  several  times  remodvUed,  in  order  to  meet  all  the  reqairements 
of  this  somewhat  delicate  process,  it  graduslly  assumed  its  present 
shape.  In  1898,  it  had  reached  such  a  state  of  perfection,  as  to  ofibrd 
the  most  convincing  proof,  that  the  process  was  able,  not  only  to  com- 
pete successfully  in  regard  to  coJt  of  operation,  but  at  the  some  time, 
the  metallic  nickel  produced,  showed  on  analysis,  a  higher  degree  of 
purity  than  had  yet  been  possible  by  any  other  known  process. 

The  success  of  the  method  being  thus  assured.  Dr.  Mond  began  at 
once  to  make  inquiries,  with  a  view  to  obtaining  an  unfailing  supply 
of  nickel  ore.  Experiments  conducted  on  the  nickel  and  copper 
sulphide  ores,  seemed  convincing,  that  such  were  peculiarly  suited  to 
treatment  by  the  Mond  process,  so  that  it  was  decided  to  buy  one  or 
PucabaM  c^  more  of  the  best  locations  which  were  then  available  in  the  Sudbury 
'        ''^^'  Mining  District.  At  this  time,  and  for  some  years  previously,  it  was  a 
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mftttar  of  oommoQ  gossip  throughout  this  area,  that  th«  McConcell 

mine  or  property,  in  the  township  of  Deaison,  was  one  of  the  lai^^t 

deposits  of  high  grade  ore  which  hod  ;et  been  foaiid,  and  atteDtion 

vas,  therefore,  directed  to  it  with  a  view  to  possible  purchase.     After 

soma  negotiations,  and  a  thorough  investigation  of  the  merits  of  these 

deposits,  Dr.  Mond  decided  to  acquire  these  properties,  and  accordingly, 

in  the  summer  of  1S99,  the  neoeHsar;  transfer  was  mode.  These  mining  Diomood  drill 

locations  had  been  under  development  for  some  time  hj  their  former 

ownei,  Mr.  Rinaldo  McConnell,  and  at  the  time  they  were  sold  to  Dr. 

Mond,  explorations  were  being  carried  on  by  means  of  the  Ontario 

govemment  diamond  drill,  with  a  view  to  determining  more  definitely 

the  position   and  extent  of  the  various  ore-bodies.     The  change  in 

ownership,    however,  did  not  oCTeot  the  progress  of  the  work,  which 

b^an  on  July   10,  Mid  finished  on  November  21,   1899.      In  thiscoatof 

time,  seven  hcdes  were  bored,  the  aggregate  number  of  feet  being  994i  ^|^^ 

at  an  average  cost  of  $1.75  per  foot     In  addition,  two  other  drills 

owned  by  Dr.  Mond  were  engaged  more  or  leas  continuously  during 

this  and  the  two  succeeding  years,  investigating  these  and  other  mining 

locations,  in  which  Dr.   Mond  was  interested.     The  main  shaft  and  Locktion  of 

mining  buildings  of  what  was  henceforth  to  be  known  as  the  Victoria  ^^^^^ 

mines,  are  situated  on  the  north  half  of  lot  8,  con.  IV.,  of  the  township 

of  Deniaon,  while  the  smelter,  offices  and  official  residences,  were  built 

on  the  north  half  of  lot  8,  con.  II.,  of  the  same  township,  close  to  the 

"  Saolt  "  branch  of  the  Canadian  Pacific  railway,  and  a  little  over  two 

miles  south  of  the  main  openings. 

Banning  in  1899,  the  work  of  opening  up  these  deposits  proceeded  Opening  up 
OS  rapidly    as  circumstances  permitted.     Extensive  stripping  of  the  "    "'"^ 
deposits  and  other  preliminary  development    work  was  undertaken ; 
roads  were  opened  up ;  a  roost  yard  was  levelled  and  otherwise  pre- 
pared, and  the  necessary  timbers  secured  for  the  numerous  extensive 
structures  contemplated. 

During  1900,  this  work  was  continued,  special  attention  being  given  Erection  of 
to  equipping  the  mines  and  smelter,  the  site  of  the  latter  being  chosen  "™^'^- 
close  to  Poirbonk  creek,  on  the  Sault  branch,  22  miles  west  of  Sudbury. 
An  aerial  tramway,  1 1,000  feet  in  length,  was  installed  by  the  Trenton  Aeri<>l 
Iron  Co.,  of  Trenton,  N.  J.,  to  ctmvey  the  ore  from  the  rock  house  at     ■""*'■ 
the  mines  to  the  roast  yard,  which  was  first  located  dose  to  the  smelter. 

On  the  16th  of  October,  1900,  the  Mond  Nickel  Company,  Limited,  Incorporation 
of  London,  Eng.,  was  authorized,  by  license  of  the  Lientenant-Oover- ^j^c^Jq^. 
nor,  to  carry  on  business  in  Ontario.     The  inoorporation  of  this  com- 
pany, with  a  capital  of  £600,000,  woe  for  the  purpose  of  acquiring  alt 
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Building  up 
of  Victori* 


the  above  property,  pl&nta,  patent*,  and  sm«tters  belonging  to  Dr. 
Lndwig  Mood  in  the  Sudbury  district 

Plant  ot  the  most  modem  type,  for  roasting,  smelting,  and  baaaemer- 
izing  the  ore,  was  erected  at  Victoria  Mines,  nnder  the  direction  of  Mr. 
Hiram  W.  Hixon,  formerly  of  the  Anaconda  Company,  this  equip- 
ment being  the  most  complete  and  conveniently  arranged,  which  had, 
np  to  that  time,  been  installed  in  the  districL  In  addition,  substan- 
tial offices  and  tasteful  dwellings,  with  all  modem  conveniences,  snoh 
as  water  and  electric  light,  have  been  erected  for  the  accommodation 
of  the  staff  ftEkd  their  families,  and  the  site  of  pre-existing  swamps  and 
rocky  hammocks  was  quickly  filled  in,  levelled  and  transformed  into 
an  important  village  and  business  centre. 

Early  in  1901,  the  mine  was  in  complete  working  order,  and  begin- 
ing  with  February,  on  was  regularly  raised  and  transported  by  means 
of  the  aerial  tramway,  to  the  roast  yard.  The  smelter  shortly  after- 
wards commenced  to  turn  out  matte,  by  the  Bessemer  process,  this  pro- 
duct averaging  about  80  per  cent  of  combined  nickel  and  copper,  the 
former  metal  being  usually  present  a  little  in  excess.  On  1st  July, 
I90I,  the  head  house  or  landing  station  at  the  roast  yard  was  struck 
by  lightning,  and  before  adequate  assistance  could  arrive,  was  bnnied 
to  the  ground.  This  temporary  breakdown  of  the  cable  system, 
although  greatly  retarding  mining  operations  at  the  time,  was  really  a 
blessing  in  disguise,  as  it  resulted  in  a  decision  to  abandon  this  roast 
lUmovai  of  yard,  the  position  of  which  on  the  immediate  outskirts  of  the  village, 
"**  ^*  *■  had  been  a  source  of  annoyance  and  inconvenience  to  the  residents, 
who  during  certain  conditions  of  wind  and  weather,  suffered  greatly 
from  the  sulphurous  fumes  given  off  by  the  burning  piles.  The  new 
site  chosen,  consisted  of  a  flat  about  half  way  between  the  smelter  and 
the  mine,  which  could  be  easily  levelled,  drained  and  otherwiae  prer 
pared,  this  location  being  much  more  spacious  and  suitable  in  every 
way,  than  the  roast  yard  it  was  proposed  to  abandon. 

T^mpomiT  During  the  winter  of  1901  and  1903,  the  operations  of  this  company, 

op«ntiou'  "*  *'^  '***  Victoria  mines,  were  greatly  curtailed,  but  the  completion  of 

the  refining  works  in  England,  and  the  banning  of  operations  tn  a 

large  scale  at  the»  works  in  April,  1902,  gave  a  fresh  impetus  to  all 

>  departments  of  mining  activity.     During  the  summer  of  1902,  the 

North  Star  mine,  situated  on  lot  9,  cons.  II  and  III.,  of  the  township 

.    of  Snider,  and  tha  Little  Stobie  mine,  on  the  north  half  of  lot  6,  con. 

I.,  of  the  township  of  Blezard,  were  worked  by  this  company.  The  ore, 

amounting  to  4,724  tons,  obtained  from  the  Korth. Star,  and  1,684  tons 

from  the  Little  Stobie,  was  shipped  to  the   Victoria  mines  for  treat- 
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meat.     The  bessemerued  matte,  as  quickly  m  produced  by  the  emelt- 

ing  works  at  Victoria  mines,  was  shipped  to  Cljdaoh,  near  Swansea,  in 

Wales,  where  extensile  works  had  been  built  for  its  treatment,  calcQ-  ^^^!^^ 

lated  for  an  annual  production  of  from  1,000  to  1,500  tons  of  metallic  a^du^, 

Dicksl,  and  4,000  to  6,000  tons  of  copper  sulphate.    These  works  have     '^*^ 

been  so  designed  as  to  render  future  esteoaion  easy  and  economical. 

The  property  at  Clydach,  including  about  33  acres,  on  which  the  works 

are  erected,  has  a  frontage  on  the  Swansea  Valle;  canal,  giving  easy  i,oMtiaa<rf 

access  to  the  port  of  Swansea,  and  is  connected  by  a  siding  to  the  refiiMT. 

Midland  railway.     After  a  year's  steady  production  from  both  mines 

and  smelter,  all  avHrity  ceased  in  December,  1 902,  and  although  most 

of  the  higher  officials  were  retained  in  office,   no  mining  work  of  any 

consequence  was  undertakan  until  early  in  the  spring  of  1903,  when 

work  was  again  resumed  and  oontianed  until  November  of  the  same  „ 

year,  when  operations  were  again  discontinued.     It  is  currently  re.  ocanticinot 

ported  that  the  real  reason  for  these  frequent  interruptions  in  the  mis-  """"'S' 

ing  operations,  was  due  to  certain  defects  in  the  plant  at  the  Glyda«h 

refining  works,  and  it  is  also  rumored  that  after  a  recent  breakdown  in 

the  plant,  there  were  over  twenty  cases  of  poisoning  from  the  escaping 

gas,  which  resulted  in  several  fatalities.     It  is  confidently  expected 

that  a  remedy  wilt  soon  be  found  for  this  serious  condition  of  affiurs, 

and  that  the  necessary  altenttions  in  the  pleuit  will  again  permit  of  its 

operation  on  an  extensive  scale,  thus  insuring  a  resumption  of  work  at 

the  Victoria  mines. 

The  history  of  the  development  of  mining  in  the  Sudbury  district,  HUtor;  of 
has  not,  therefore,  been  an  unbroken  record  of  brilliant  successes,  but  not  k'miB?  of 
often  quite  the  reverse  has  been  the  rale,  and   as  may  be  noticed  in  Buooe«*«, 
the  preceding  pages,    the  number   of  companies  who   for  different 
lengths  of  time  have  operated  in  this  area,  already  constitute  a  for- 
midable list.     These  failures,  and  the  causes  which  have  operated  to  ^^^.^ 
bring  about  this  untoward  result,  serve  however  to  bring  into  strong  Coppar  Co. 
relief,  the  gallant  and  successful  struggles  of  the  only  compuiy,  which 
has  been  able  to  surmount  the  various  difficulties  to  which  the  other 
organizations  have    successively    succumbed ;    at     the     same     time, 
strengthening  the  belief,  that  the  crisis  has  been  passed,  and  the 
industry  has  at  lost  been  established  on   a  firm  and  permanent  basis. 
It  is  true  that  certain  details  in  regard  to  the  extraction  of  the  nickel 
are  still  in  the  experimental  stage  in  order  to  determioe,  if  possible,  a 
more  economical  method,  but  there   is   no  doubt  whatever,  that  the 
business  of  the  mining  and  Smelting  of  nickel,  is  not  only  in  a  satis-  Sudbur;  Dii- 
factory  condition,  but  baa  reached  such  phenomenal  dimensions,  that  producer  of 
operations  in  other  oountries  have,  in  consequence,  been  either  greatly  ^Jj^'  "* 
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cnrtftiled,  or  h&ve  ceased  altogether,  so  that  at  tb«  present  time  the 
SQpremac;  of   the  Sudbury  miaiog  district   as   the   world's  greatest 
producer  of  nickel  ta  unquestioned. 
Keuoiu  for  ^^  oiAj  be  well,  in   paaeing,  to  state  some  of  the  reasons  which  have 

first  failures,    contributed  to  the  failures,  which  have  been  so  freqnentlj  recorded  in 
coDneclioQ  with  the  eitablishment  of  the  Sudbury  nickel  indnstry. 
For  some  time  after  the  beginning  of  mining  work  in  this  region,  the 
world's  annual  consumption  of  nickel  did  not  exceed  700  or  800  tons 
of  the  pure  metal,  which  amount  oould  readily  be  produced  by  any 
Sm^oon-       OQe  of  the  three  companies,  then  operating  in  the  district.  The  demand 
ud  demand,    for   nickel   was,    therefore,    so  small   and  uncertain,  that  before  the 
discovery  was  mode  of  its  advantageous  employment  as  an  alloy  with 
steel,  eiipflcially  in  the  manufacture  of  armour  plate,  no  great  future 
seemed  assured  for  the  nickel  industry,  and  even  with  this  distinction 
in  its  favour,  no  very  marked  increase  in  the  demand  for  nickel  oould 
Hin«  ext«ad-   be  noticed,  and  it  took  a  number  of  years  more  before  the  consumption 
aUoTwitb        hod  increased  to  1500  tons  per  anno m.     By  tbe  time,  however,  this 
■t™-  latter  figure  had  been  reached,  it  was  certain  that  a  constant  and  ever 

increasing  demand  for  nickel  was  assured,  on  account  of  its  general 
use  in  all  kinds  of  steel,  where  strength  combined  with  lightness,  were 
the  important  factors.    At  tbe  present  time  tbe  consumption  of  nickel 
exceeds  10,000  tons  per  annum,  and  exhaustive  experiments  now  being 
Nicke]  steel     undertaken  under  the  auspices  of  tbe  International  Nickel  Company, 
oipenmen   .    ^^^  gtnted  on  the  beat  authority,  to  give  strong  evidence  of  the  superior- 
ity of  nickel  steel  in  bridge  building,  so  that  a  much  larger  demand 
for  nickel  can  be  looked  for  in  the  immediate  future.   In  addition,  the 
niokeiuwer    ''®*=^n'  decision  of  the  Pennsylvania  railway,  to  use  nickel  steel  rails, 
rail«  ftwirded.  and  the  award  of  a  contract  for  9000  tons  of  the  same  to  carry  3-50  per 
cent  nickel,  by  this  vast  and  progressive  corporation,  will  no  doubt 
give  a  fresh  stimulus  to  tbe  demand.     Tbe  only  anxiety  which  now 
exists,  and  which  has  often  been  urged  against  any  large  employment 
of  nickel  steel,  relates  to  the  sources   of  supply,  and  to  the  possible 
exhaustion  of  the  nickel  deposits  now  known  to  exist.    All  authorities 
are,  however,  in  substantial  agreement,  that  the  supply  of  high  grade 
prec^caUr       nickel  ore,  contained  in  the  Canadian  deposits  is  practically  unlimited, 
onlmuted.        ^^j  ^^  ]g^[;  amply  sufficient  for  many  yeara    to   come,   to  supply  the 
requirements  of  even  much  more  extensive  smelting  operations  than  are 
DOW  carried  on  in  the  Sudbury  district.     Besides,  a  demand  for  lai^r 
New  d       u  l**^"'*^'^  <^'  nickel  will  stimuUte  prospecting,  not  only  in  this  region, 
likelr  to  be      but  olso  in  areas  of  similar  crystalline  rocks,  to  be  opened  up  in  a  very 
short  time  by  the  Grand  Trunk  Pacific  and  its  braucbee,  as  well  as  by 
the   Temiecaming  and  Northern  Ontario  railway,  with  the  probable 
result  that  many  more  new  deposits  will  be  discovered. 
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bring  abont  the  failure  oE  some  of  the  Sadburj  mintog  cODcerns,  v 
the  osenmptioQ  by  interested  parties,  that  each  individual  deposit,  unlimited 
of    which    they    had    the   good  fortaae  to  obtain    possession,    was  anotlier 
a  mine,  capable  of  producing  a  permanent  and  unlimited  supply  of  ^j^^*" 
nickel  ore  of  the  desired  grade,  the  ^ore-body  extending  to  unknown 
depths,  and  increasing  both  in  quality  and  quantity  with  ite  downward 
extension.     With  such    confidence    in    the    size,    permanency    and 
suitability  for  smelting  operations  of  the  ore-bodies,  it  is  not  surprising 
that  very  often  no  special  efiort  was  made  to  obtain  control  of  other 
available  sources  of  supply,  which  were  sure  to  be  needed  when 
extensive  and  long  continued  refining  operations  were  in  progress. 

A  third  cause,  which  perhaps  assisted  more  than  any  other  to  bring  The  need  o( 
about  the  frequent  suspension  in  mining  and  smelting  operations  experience 
already  recorded,  was  the  lack  of  the  necessary  technical  knowledge  and  *""  ^f^^^-M 
experience  on  the  part  of  those  who  had  the  management  of  many  of 
the  oi^nizations.     The  strong  necessity  of  such  information,  in  every 
department  of  mining  and  smelting,  needs  no  special  explanation  or 
emphasis,  but  it  was  more  than  ever  required  for  the  successful  treat- 
ment of  these  paiticular  sulphide  ores.     'Ihu?,  some  of  the  companies 
engaged  in  mining  in  the  vicinity  of  Sudhury,  succeeded  in  reaching 
the  stage  of  producing  matte,  but  even  these  were  obliged  to  sell  this 
unfinished  prodnct  to  the  rarioua  refiners,  at  prices  which  usually  came 
far  from  realizing  their  expectations  in  this  respecL  The  refiners  were  RefioCTB  uid 
accused  of  reaping  all  the  profits,  which  should  have  been  shared  with  ^  the  profit*, 
the  producers,  so  that  very  early  in  the  history  of  the  region,    it  was 
patent  to  everyone,  that  to  share  in  the  full  benefits  of  the  industry, 
the  same  individuals  or  company  must  oontrol  the  whole  of  l^e  opera- 
tions necessary  to  manufacture  the  finished  product.    Acting  on  this 
knowledge,  therefore,  many  of  the  corporations  engaged  what  was  con- 
sidered the  most  expert  metallurgical  advice,  and  numerous  ezperi- CompaT 

-■-mid 


ments  were  undertaken,  to  determine  an  eEFective  and  economic  pro-  ^'o'aiahed  "~ 
cess,  by  which  the  nickel  and  copper  could  be  extracted  from  these  ores,  article  to 

7   •  .  1  »  1  T      1  .  1  enjoy  the  (all 

and  aftorwards  separated  from  one  another,     in  this  manner,  the  too  benefit 

often  very  limited  resources  of  these  oompanies,  were  taxed   to  the 

utmost,  and  any  failure,    even  in  the  preliminary  trials,  to  yield  the 

decisive  and  satisfactory  results  looked  for,  often  rrsulted  in  the  closiug 

down  and  practical  abandonment  of  the  mines  and  works  concerned,  Uniound  busi- 

Finally,  in  more  than  one  instance,  the  absence  of  sound  business  me-  cmuied  eome 

thods,  assisted  very  matorially  to  bring  about  some  of  the  disastrous  ^""'^*- 

failures,  which  have  been  recorded  in  the  foregoing  pages. 
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"  8udbui7  The  ezprawion  "  Sndbnry  Hioitig  DiBtriot,"  wm  applied  m  a  term  of 

tri^'^ot  an  ooovenient  reference,  soon  »fter  the  discovery  of  these  valuable  mine- 
eUctorkl  lub-   r^l  depoeitf,  to  designate  that  particalar  tract  of  conntrj,  iounediately 
surroanding,  and  tribatary  to  the  town  of  Sudbury.     It  must  not, 
therefore,  be  confounded  with  other  areas  in  Northern  Ontario,  to 
which  tbo  term  "  diatrict "  has   been   applied,  and  which  have  been 
thus  set  apart,  with  definite  boundaries,  for  electoral  and  other  pur- 
DefinitLon  of    posee.      Roughly   speaking,  it   may  be  described   as   extending  from 
8^J^  Wanapitei  lake  and  river  on  the  east,    to  Onaping  and  Wortbington 

Diatrict.  stations  on  the  west.  On  the  north,  it  may  be  considered  as  embracing 

the  recently  discovered  iron  deposits  in  Hatton  township,  while  south- 
ward, the  commencement  of  the  Lanrentian  gneiss,  is  believed  to  limit 
important  mineral  discoveries  in  that  direction. 
LocktioDof  The  town  of  Sudbury  is  a  creation  of  the  Canadian  Pacific  railway, 

St^Ui^.  coming  into  existence,  at  the  time  of  its  oonstmclaon  in  1882,  and  in- 
creaung  in  importance,  by  reason  of  its  being  chosen  as  the  jnnctton 
point  for  the  branch  liae  to  Sanlt  Ste.  Marie.  It  is  dislsnt  on  the  main 
or  transcontinental  line  of  this  railway,  442.7  miles  from  Montreal, 
and  322.4  miles  frcmi  Ottawa,  the  capital  of  the  Dominion  of  Canada. 

OuUin«  of  The  area  in  which  workable  deposits  of  nickel  and  copper  are  now 

b^ng  ""      tnowD  to  occur,  extends  from  the  southeast  comer  of  Snider  township 
ernptiva.  (Evaus  mine),  northwest  to  the  central  part  of  the  township  of  Levack, 

a  distance  of  about  20  miles ;  in  a  northeaeterly  direction,  it  reaches 
from  the  township  of  Drury,  to  Wanapitei  lake,  a  distance  of  about 
40  miles.  The  mines  which  have  actually  produced  ore  for  smelting 
or  shipping  purposes  are,  with  the  exception  of  the  Worthington 
mine^  all  connected  with  that  portion  of  the  main  mass  or  belt  of  norite, 
which  stretches  from  the  old  Inez  or  Chicago  mine,  in  the  township 
of  Drury,  to  the  Blesard  mine,  a  distance  of  abut  26  miles. 

The  area  contained  in  the  two  accompiuiying  map-sheet«  (Victoria 
mines  and  Sudbury),  and  comprising  portions  of  the  district  of  Algoma 
and  Nipiasing,  has  all  been  subdivided  into  townships  and  lots  of  the 
more  recent  form  adopted  by  the  Crown  Lands  Department  of  Ontario. 
DeKription  of  With  few  exceptions,  each  of  these  townships  measures  six  miles  square, 
meth^'of"'    '^^  ^'^^^  ^^^^  embraced  being  thirty-six  square  miles.  Each  township  is 
■uTjef  knd      divided  into  six  concessions,  by  east  and  west  lines,  run  astronomically, 
which  are  designated  by  the  Roman  numerals,  the  order  of  numbering 
being  from  south  to  north;  while  the  concessions  themselves  are  sub- 
divided into  twelve  lots,  by  true  north  and  south  lines,  which  carry  the 
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ordinary  Arabic  6gnrw,  numbered  from  out  to  west.  E&ch  lot,  therefore, 
meHurea  one  mile  from  north  to  south,  uid  half  a  mile  from  eut  to 
vest,  thus  containing  an  area  of  320  acres.     Only  every  alternate  lot 
line  is  cut  out  through  the  woods,  the  intervening  boundary  being 
marked  by  poets    on  the  conoession  lines.      The  lines  are  all   sup- I'ii"  not 
posed  to  be  run  astronomically,  although  in  some  cases,  no  allowance  DDmlui. 
having  been  made  for  the  convergenoe   of  meridians,    conaiderabte 
error  and  confusion  have  resulted.     Sometimes  the  surveys  of  these 
townships  have  not  been  done  as  carefully  or  accurately  as  might  bo  Carelese 
oestred,  and  in  more  than  one  instance,  twc^  or  even  more  approxim- 
ately parallel  lines  were  found,  within  short  distances  of  one  another, 
evidently  intended  for  a  single  boundary,  each  connecting  with  separate 
posts,  designed  to  mark  the  same  point.     Over  the  larger  part  of  the  DoBtmctioD 
district,  repeated  forest  fires  have  destroyed  all  traces  of  many  of  these  ^   fo^t'sTM. 
lines,  and  the  limiting  posts,  except  where  an  occasional  one  happened  to 
be  located  in  a  swamp,  have  been  burnt,  so  that  it  is  usually  exceed- 
ingly difficult,  and  sometimes  impossible,  to  locate  these  original  bound- 
aries. ^ 

The  general  character  of  the  country  may,  perhaps,  be  best  described  Uetiei«l  pby* 
an  that  of  an  uneven  or  undulating  rocky  plain,  with  a  gentle  slope  "f  dUu^ctT* 
towards  the  south  and  southwest.     In  detail,  the  surface  of  the  plain 
ia  far  from  uniform,  consisting  bf  a  rapid  succession  of  more  or  less 
parallel  and  disconnected  rocky  ridges,  with  a  prevailing  northeast  and 
southwest  trend,  the  iatervening  valleys  being  usually  occupied  by 
swamps,  lakes  or  river  courses.     The  average  general  elevation  of  the  Aven^ 
dUtrict  as  a  whole,  varies  from  800  to  1 ,  100  feet  above  the  sea.     The  *'«''*'™- 
present  topography  bos  been  the  result  of  prolonged  denudation  and 
erosion,  assisted  to  a  considerable  extent  by  subsequent  glacial  action, 
which  removed  the  softer  decomposed  material  from  the  higher  levelsi 
to  be  deposited  elsewhere  in  the  neighbouring  valleys,  or  in  areas  consi- 
derably removed  to  the  southwest     The  scouring  action  of  the  vast '^l^'»l"<!'ic*'- 
glacier  is  everywhere  apparent,  in  the  smooth  well-rounded  hills,  while 
jn  most  coses,    the  exposed  rock  surfaces  still  preserve  the    glacial' 
grooves  and  «trie.     Although  the  country  is  exceedingly  rocky  and 
uneven,  there  are  no  very  prominent  hill  features,  the  highest  seldom  pronounced 
attaining  a  greater  altitude    than   150  feet  above  the  neighbouring  "'" '*■*"■"■ 
valleys,  while  elevations  of  25  to  100  feet  are  far  more  common.     The  Lootion  of 
highest  land  in  the  district  comprises  a  strip  varying  in  width  from  3 
to  5  miles,  and  extending  in  a  northeasterly  direction  from  Denison  to 
Gareon  townships,  a  distance  of  over  30  miles.     This  is  underiaid  for  ^^J^^i^g' 
the  most  part  by  the  nickel-bearing  and  associated  eruptives,  although  rock. 
some  areas  of  highly  altered  quartzltes  contribute   to  this   unusual 
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alevatioD.  On«  of  the  highest  hills  io  thii  rocky  belt  ia  situated  imme- 
diately south  of  the  Elsie  mine.  Barometrical  obserration  correlated 
with  the  kaowu  elevation  at  the  intersection  of  the  Elsie  mine  bnukch 
with  the  M.  &  N.  S.  railway,  show  this  to  have  an  altitude  of  1,120 
feet  above  the  sea.     Starting  from  Sudbury,  which  has  an  elevation  of 

"■  850  feet,  the  Canadian  Pacific  railway  afoenda  a  series  of  steep  grades 
for  a  distance  of  3J  milee  before  the  snmmit  is  reached,  at  an 
altitude  of  993  feet ;  while  an  equal  distance  further,  at  Azilda  station, 
this  elevation  is  decreased  to  881  feet  above  the  sea.     The  Manitoulio 

•D  and  North  Shore  Railway  Company,  on  the  other  hand,  have  built  a  por 
tion  of  this  road,  a  little  over  twelve  miles  in  length,  and  have  located  it 
to  Victoria  mines  and  beyond,  the  line  running  through  this  hilly  district 
for  the  whole  distance.  Starting  from  Sudbury,  which  aa  stated,  has  an 
elevation  of  650  feet,  the  grade  rises  to  919  feetat  Clarabelle  junction, 
and  further  to  959  feet  at  Elsie  junction.  Theaummitis  reached  about 
8  miles  west  of  Sudbury,  where  the  level  of  the  rail  is  986  feet,  falling 
again  to  966  feet  aoove  the  sea,  at  the  end  of  the  profile  12'7  miles 
fron  Sudbury,  close  to  the  Gertrude  mine.  To  the  northwest  of  this 
hilly  tract,  the  land  becomes  tolerably  level,  forming  a  plain  with  an 
average  elevation  of  nearly  880  feet  above  the  sea.  This  flat  belt  of 
country  has  an  general  width  of  about  six  miles,  and  stretches  from 

"^  the  vicinity  of  Vermilion  lake,  in  Fairbank  township,  almost  to  Wa- 
napitei  lake,  a  distance  of  over  30  miles.  The  whole  of  this  area  is 
evidently  underlaid  by  the  slates  and  felepathic  sandstones  coloured 
provisionally  as  of  possible  Cambrian  age,  but  this  rocky  floor  is  largely 
oonceated  by  a  thick  mantle  of  drift,  through  which  protrude  occasional 
low,  rounded  hummocks,  which  alone  give  evidence  of  the  nmlerlying 
material. 

This  drift  is  oomposed  of  a  well  stratified  gray  clay,  unencumbered 
for  the  most  part  by  boulders,  and  is  seemingly  well  adapted  for  all 
purposes  of  agriculture.  Beads  have  been  opened,  and  large  clearances 
made  over  most  of  this  level  district,  the  various  barns  and  buildings 
erected,  giving  strong  evidence  of  the  prosperity  of  this  farming  com- 
munity. 

To  the  south,  and  southeoBt  of  the  hilly  stretch  already  mentioned, 
"  a  somewhat  irregular  shaped,  and  comparatively  narrow  valley,  extends 
from  the  vicinity  of  the  Worthington  mine,  almost  to  Wanapitei 
lake,  where  it  connects  to  the  north  and  west  with  Uie  extensive  plain 
jnst  described.  The  continuity  of  this  comparatively  level  tract  of 
country  is  broken,  at  certain  intervals,  aa  for  instance^  neu'  the  cross- 
ing of  the  Whitefish  river,  but  the  whole  flat  may  be  considered  as 
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belonging  to  one  valley,  with  agentle  though  perceptible  slope  towards 
the  southwest.     Tn  the  township  of  McEim,  this  flat  hu  aa  avenge  FUt  iu  tbe 
general  elevation  of  about  845  feet  above  the  sea.     From  Sudbury,  in  u^u^f 
a  southwesterly   direction,    this   oomparatively   level   belt  has  been 
utilized  in  the  location  of  the  'Sault  Branch'  of  the  Canadian  Pacific 
railway,  while,  in  addition,  advantage  has  been  taken  of  the  even  sur- 
face in  erecting  most  of  the  buildings  included  in  the  towns  of  Sudbury 
and  Copper  Cliff.     In  the  township  of  McEim,  thi  surface  of  this  flat  Farming  good 
is  sometimes  broken  by  small  rocky  bills,  and  the  considerable  areas,  '°  ** 
that  are  available,  have  been  cleared,  and  are  now  under  cultivation, 
with  gratifying  results,  especially  during  those  years  when   the  roast- 
ing of  the  ores  at  the  mines  is  not  proceeding  too  briskly. 

ThroaghouC  McEim,  and  the  area  to  the  southwest  of  this  township 
the  soil  is  a  fine  silty  clay,  well  stratified  ;  but  to  the  northwe-t,  in  the 
township  of  Oarson  and  beyond  the  limits  of  the  Sudbury  sheet,  in  the  Flat  north- 
township  of  Falconbridge,  this  is  replaced  by  a  coarse  yellow  sand,  bur?. 
with  gravel  in  certain  places,  the  whole  forming  a  light  and  rather 
poor  soil,  although  some  portions  of  it  are  now  being  used  for  farming 
purposes. 

To  the  east  and    southeast  of  Sudbury,  the  district  is,  for  the  most  Rough  area 
parti  exceedingly  rough  and  hilly,  this  area  being  characterized  by  the  ^ttaMt  of 
presence  of  quartzite,    with  large  and  irregular  intrusive   masses  of  Sudbury, 
norite  and  diorite,  and  only  occasional  limited  fiats  are  available  for 
agriculture. 

Perhaps  one  of  the  most  interesting  physical  features  presented  by  Vallerscaused 
this  district,  is  the  narrow   valley  formed  by   the  weathering  of  the  ^7.  oroeion  of 
large  diabase  dyke,  near  the  Murray  minp.     This  dyke,  which  is  about  dUbam  dykes. 
150  feet  wide  at  this  point,  and  intruded  through  a  mass  of  granite, 
has  been  decomposed  and  considerably   eroded,  leaving  a  valley  the 
whole  width  of  the  dyke,  with  perpendicular  walls  of  granite.     This 
very  conspicuous  feature  in  the  landscape  has  beea  used  in  locating 
the  wagon  road  between  Sudbury  and  Azilda  (formerly  Rayside). 

The  infiuence  exerted  by  the  underlying  rook  on  the  general  contour  influence  of 
of  the  ground  is  everywhere  well  exemplified  throughout  this  district,  uDderlying 
The  harder  igneous  and  quartzite  rocks,  owinj{  to  their  greater  reeis-  surfsce 
tance  to  processes  of  weathering  and  erosion,  form  the  higher  ridges,  ""'^    '"' 
while  the  more  fragile  slates,  sandstones  and  schists,  make  up  most  of 
the  interveiiing  lower  ground,  occupied  chiefly  by  the  river  valleys, 
swamps  and  lake  basins.  The  area  covered  by  the  main  mass  or  belt  of 
norite  is  likewise  one  of  low  relief,  in.  contrast  with  the  other  igneous 


ib.  Google 


50  aBOLOaicAL  burtbt  of  cakada 

Dutrict  not  rocks  with  very  small  gsntly  ronnded  hills,  this  vuietjr  of  rock  evideotlj 
■uppliwi  wlth^  offering  no  rerj  eSectiia)  resistftooe  to  decomposition.  The  district,  as 
U^  u  otb^r  ft  vhole,  is  not  as  abundantly  supplied  with  lakes  as  man;  other  areas 
uew.  of  similar  Archiean  rocks,  but  several  fairly  large  aad  beautiful  lakes 

occur,  and  nearly  all  are  supplied  with  good  clear  water.     The  shores 
and   islands   of    Ramsay   or   Lost   lake,  are  occupied   by    the    sum- 
mer  residences   of  many  of  the  inhabitants   of  Sudbury,    while  its 
Elevktioiu  of  pure  nlear  water  is  used  to  supply  the  large  water  tank,  erected  for  the 
^  water  wcwks,  on  one  of  the  rocky  hills  east  of  the  town.     The  highest 

lake  iu  the  area  is  Oarson  lake,  which  is  923  feet  above  the  sea ;  while 
the  lowest  is  AlcCharles  lake,  an  e^fpansion  of  the  Vermilion  river, 
which  has  an  altitude  above  the  sea  of  760  feet. 

The  drainsfre       The  drainage  of  this  district  is  efiected  through  three  important  and 

by  Wan"""    ''s"  known  streams,  the  Wanapitei,  Spanish  and  Vermilion  rivers, 

^' j'V^''^"y'''  tb^  whole  of  the  water  eventually  reaching  Georgian  bay  and   I>ake 

riitra.  HuroD  through  these  channels.  The  Vermilion  river  with  its  tributaries 

the  WhiteGsh  braocb,  Levey  river,  and  Whitson  and  Fairbank  creeks 

empties  the  waterof  nearly  the  whole  of  the  area  included  in  the  two 

map  sheets.  The  Vermilion  river  is  itself  a  branch  of  the  Spanish  river, 

joining  this  stream  near  the  boundary  between  Merritt  and  Foster 

townships,  about  10  miles  southeast  of  the  corner  of  the  Victoria  mines 

map.     A  portion  of  the  Spanish  river,  known  as  the  '  Great  Bend  ', 

crosses  the  corner  of  this  map  sheet,  receiving  in  this  distance,  the 

whole  of  the  drainaj^  of  tho  township  of  Drury,  and  the  western  part 

of   Denison   township.      The  branches  of  the  Wanapitei    river  are 

limited  to  the  eastern  parts  of  Qarson  and  Neclon  townships. 

District  The  whole  area  was  once  covered  with  a  dense  forest,  but  repeat«d 

covered  by  a    ^^^  h&va  destroyed  nearly  the  whole  of  this  original  growth,  and 
dense  forest,     ^ven  the  tall  rampikes  which  often  alone  remained  as  the  silent  wit- 
Havoc  neeses  of  the  havoc  wrought  by  the  fire  flend,  have  themselves  been 
wrought  by      gradaaliy   cut  down   to  aid   in   kindling  the   heaps  of   roasted  ore. 
Occasional  small  areas,  as  for  instance,  in  the  northern  part  of  Garson, 
the  western  part  of  Snider  and  Creighton  townships,  are  still  covered 
by  green  bush,  but  the  lumberman's  axe  is  quickly  clearing  out  all  the 
valuable  timber  that  remains,  while  the  constant  demand  for  cordwood 
as   fuel  for  the  roast  heaps,  will  still  further  limit  the  forest  arex. 
Chnrsoter  of     Hardwood  is  scarce,  and  can  only  be  found  in  valleys,  chiefly  in  the 
forest  Browth,  vicinity  of  certain  streams.     Occasional  dwarf  oaks  were  noticed  in 
some  of  the  hollows  between  the  higher  ridges.     The  second  growth 
usually    consists    of    poplar   and    birch,    these    small    trees    being 
so  closely  packed  together  in  some  of  the  valleys  as  to  form  almost 
impenetrable  thickets. 
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The  district,  as  &  whole,  caanot  be  said  to  be  suitable  for  agrioultare,  DiatHct  u  a 
and  must  relj  for  its  ultimate  importance  on  the  development  of  its  guited  to 
mineral  resources.  The  proximitj  of  the  mines  fumiahes  a  good  market,  BKncultutv. 
80  that  ever;  Sat  is  being  utilized  for  purposes  of  fanning. 

Geology. 

The  rocks  of  the  Sudbury  Mining  District,  arranged  in  the  probable  Geological 
order  of  their  geological  age,  may  be  stated  as  follows,  in  aaoending  auMivision  ol 
order. 

1.  Lower  Buronian.  No  rocks  of  this  age  are  at   present  known  in  u^Q^ntl  cha- 
the  nickH  bearing  area,  but  this  period  is  represented,  in  part,  by  the  '^^^Jf^j."' 
banded  eiltcious  magnetites  and  associated  rocks  of  the  townships  of  Hurom&ii. 
Hntton  and  Wiesner. 

2.  Upper  ffuronian.  (A)  Dioritos,  hornb]end*>-porphyrites  and  green  Subdiviaiona 
schiste,  (B)  Conglomerates,  greywackes  and  quartzites  ((7)  norite  and  jjiJf^^l, 
diorite  (Worlbinglon  mine  belt,  and  areas  southeast  of  Evans  mine 

and  east  of  Sudbury). 

3.  LaurerUian.  Granite  and  diorite-gneiss  near  Wanapitei  station.  lAureutian 
i.  Upper  Huroniant  Tnfls,  felspattiic  sandstones  and  slates  classified  ciiarscctr  of 

provisionally  on  previous  geological  maps  as  of  Cambrian  age.  Tiiftiror 

5.  Pout  ffuronian.  A.  Granites.  jB.  Nickel  bearing  eruptive  of  the  p*,^,  Hum- 
main  belt  (quartz-hyperathene-gabbro  or   norite,  diorite,    with  their  niautruptiBe 
peculiar  diSerentiation  product,  micropegmatite).     C.  Dykes  of  olivine 

diabase. 

6.  PUUtoeene.  Clays  and  sands.  Plpixtocme. 

The  geological  history  of  the  nickel  mining  area  proper,  or  that  por-  General 
tion  of  the  Sudbury  district  which  is  included  in  the  accompanying  ^^t^.'i^l 
map  sheets,  began  in  very  ancient  times,  and  most  of  the  rocks  now  dUcrict 
exposed  are  regarded  as  repreicntative  of  what  is  known  as  the  Huro, 
nian  period,  being  thus  the  oldest  with  which  geologists  are  at  present 
familiar.     The  detailed  examination  and  study  of  these  rocks  have  Abundant 
furnished  abundant  evidence  of  the  almost  unexampled  volcanic  aoti.  evidence  .if 
vity  then  prevailing,  caused  largely,  no  doubt,  by  the  instability  of  the  volcaiiic 
earth's  crust  at  this  early  period  of  its  history.  These  rocks  areesssen-  ^  '"  ^' 
tially  of  pyrodastic  origin,  consisting  mainly  of  tufis  of  both  acid  and 
basic  types,  intimately  associated  with  more  or  less  altered  basic  erupt- 
ivee,  some  of  which  still  retain  much  of  their  original  massive  character, 
although  by  far  the  larger  proportion  hare  undergone  such  profound 
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defonufttioD  ftod  metunorphism,  that  it  is  exceediagly  difficult, 
if  not  impcMsible,  even  with  the  a8sistADC«  of  the  microaoope,  to 
vaske  kuj  very  definite  or  accurate  statemeot  io  regard  to  their  origi- 
nal composition  and  structure.  Some  of  these  eraptiveR  are,  however^ 
probably  of  loccolitio  origin,  and  intruded  along  the  planes  of  bedding 
of  the  enclosing  oloatic  rocks,  while  many  of  the  porphyrites  and  obs- 
curely amygdaloidal  forms,  doubtless  represent  surface  flows  of  lava 
which  have  been  very  maoh  altered  and  decomposed. 

With  the  establishment  of  coi;ditiona  of  more  stable  equilibrium, 
came  a  time  when  the  higher  elevations  were  being  subjected  to  the  usu&l 
processes  of  degradation  and  erosion,  with  the  transportation  of  the 
material  thus  detached  to  be  deposited  at  the  lower  levels,  forming  the 
conglomerates,  felspathic  sandsConaa  and  qnartzites,  included  in  the 
above  table  aa  Upper  Huroniaa.  Even  this  period  of  comparative 
quiet  was  probably  interrupted  at  intervals  by  a  return  of  the  volcanic 
activity,  and  some  of  the  breccia-like  material,  and  certain  of  the  inter- 
bedded  greywackes,  may  be  the  direct  results  of  explosive  acUon. 
Subsequent  to  the  formation  of  these  rocks,  the  huge  liathyliths  of 
granite  and  diorite-gneisa  classified  as  fjaurentian,  and  occurring  in  the 
vicinity  of  Wanapitei  station,  were  intruded  into  the  highest  or 
qusrtzite  member  of  the  Upper  Haronian.  Later  than  these  quartzites, 
and  possibly  also  later  than  the  Laurentian  gneiss,  certain  mas  ea  of 
and  diorite,  among  which  may  be  mentioned  the  belt  on  which  the 
Wortbington  mine  is  located,  were  intruded.  This  Worthington  mine 
baud  of  norite,  as  may  be  seen  by  a  reference  to  the  map,  extends 
across  the  southern  part  of  the  township  of  Denison,  forming  a  con- 
spicuous range  of  bills,  ashort  distance  south  of  the  Canadian  Pacific 
railway.  The  band  of  similar  igneous  material,  which  forms  the  high 
lands  to  the  south  of  McCharles  lake,  is  of  the  same  age,  as  also  ite 
probable  continuation,  in  the  large  belt  of  norite  and  diorite,  which 
crosses  the  country  to  the  southeast  of  the  Evans  mine.  This  same 
band  of  intrusive  rock  continues  with  unbroken  continuity  northeast, 
forming  a  considerable  area  of  exceedingly  rough  conntry  east  of 
Sudbury,  and  north  of  the  Canadian  Pacific  railway,  besides  covering 
a  considerable  poi  tion  of  the  northern  anil  central  parte  of  Neelon 
township. 

The  age  of  the  tuSt<,  felspathic  sandstones  and  slatee  hitherto  clas- 
sified provisionally  as  of  Ceunbrian  age,  and  so  coloured  on  all  previona 
geological  maps,  is  still  a  matter  of  considerable  doubt,  and  much 
more  detailed  work  and  critical  examination  of  the  area,  characterized 
by  the  presence  of  these  rocks,  will  be  necessary,  before  this  can    b» 
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eatisfsctoriljr  settled.  Thej  apparently  form  a  synclinal  basin,  resting 
aguast  the  micropegmatite  phase  of  the  nickel  bearing  eruptive,  and  a 
study  of  eeveni  of  the  localities  where  the  janction  between  these 
rocks  is  exposed,  lends  some  support  to  the  belief  that  the  micropeg- 
matite ia  intrusive  through  the  tuff  or  breccia.  On  the  other  band,  it 
seems  reasonable  to  suppose,  that  all  of  these  rocks  are  very  intimately 
associated  in  regard  to  their  time  and  manner  of  genesis. 

The  granites,  usually  referred  to  as  '  younger ',  are  decidedly  so,  in  Age  ot 
Tiiference  to  the  older  diorites,  porphyrites  and  green  schists  and 
a  rock  which  may  be  called  a  breccia,  formed  by  an  exceedingly 
intricate  intrusion  of  dykes  and  masses  of  granitic  material  through 
these  ba^ic  rocks,  covers  considerable  areas  throughout  this  district ; 
while  even  the  main  mass  of  the  granite  batbytith,  frequently  contains 
e  abedded  fragments  and  masses  of  all  sizes  and  shapes  of  these  older 
gi-eenstones. 

The  nickel   bearing  eruptive,  which   in  its    freeh  condition  ia  now  Jtelative  age 
referred  to  as  a  quartz-hypersthene-gabbro  or  norite,  is  decidedly  later  tL"'?''*' 
than,  and  intrusive  through,  the  green  schists  and  associated  diorites.  eruptive. 
Tbe  relations  between  the  socalled  "younger  "granite  is  much  more 
complex  and  anomalous.     For  the  most  part,  the  nickel  bearing  erup- 
tive, has  cooled  against   the  granite,  as  may  be  seen  at  the  junction  Anom&lous 
between  these  two  rocks,  on  the  west   side  of   the  large  pit  known  ^^t^^ior 
as  the  Ko  2    mine  at   Copper   Cliff.      Here,  the    norite  is  distinctly 
finer  in  grain  at  the  immediate  point  of   contact,  this  rock  growing 
visibly  coarser  farther  away  from  the  line  of  junction.     This   cooling 
of  tbe  norite  against  the  granite,  and  the  production  of  a  finer  grained 
or  chilled  selvage,  is  especially  well  seen  in  the  vicinity  of  tKe  open- 
ings made  by  the  Vivians  on  lot  9,  concession  VI.,  of  McKim  township. 
On  the  other  hand,  in  some  localities,  certain  dykes  or  apophyses  of 
the  granite,  seem  to  penetrate  the  norite,  as  may  be  noticed  along  the 
line  of  junction  to  the  northwest  of  No.  2  mine,  at  Copper  Cliff;  while 
the  intrusive  nature  of  the  granite,  and  its  apparently  later  age  in  intnuive 
relation  to  the  norite,  is  quite  marked  to  the  north  of  Clanbelle  lake,  '"''"^,'''  _.i 
where  the  line  of  junction  between  the  two  rocks  ia  well  exposed  for  a  oi  Clarsbelle 
considerable  distance.     Besides,  near  the  Creigbton  mine,  the  granite 
becomes  decidedly   more   basic  in  che  vicinity  of   the  norite,  and  a  cont^ictnear 
certain  zone  or  belt    is   formed  by  the  commingling  of  the  material  ^^'^'''°° 
of  both  rocks,  as  a  result  of  actual  fusion.   It  has  been  suggested  that 
the   granite   and  norite  may   have  been  differentiates  of   the  same 
magma,  but  a  more  reasonable  explanation  would  seem  to  be  that  their 
periods  of  intrusion  were  so  closely  synchronous,  that  they  overlapped 
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in  tbeir  time  of  cryBtaltization,  and  thaX  the  later  secretions  from 
the  alowpr  cooling  granite  magma,  forced  or  ate  their  waj  into  the 
norite  in  certain  places. 
Aceofoivioe  ^^^  oliTine-diabaae dykoscot  through, and  are,  therefore, later  than 
dubamdyk«s  all  the  rocks  with  which  they  have  been  noticed  in  contact.  Thar 
mineralogioal  composition  is  essentially  the  same  as  the  dykes  of 
diabase-porphyrite  in  the  Lake  Superior  district,  which  latter  have 
been  regarded  as  the  channels  by  which  the  Eeweenawan  lavas 
reached  the  surface. 

(2.)  TJPPKR   HOHONIAN. 
(A.)   0RBEM8T0NB  SCHISTS. 

It  has  been  the  general  practise  in  previous  reports  of  this 
and  other  Archaean  areas,  to  employ  the  somewhat  vague  and 
indefinite  term  '  greenstone ',  the  common  field  name  for  certain 
basic  eruptive  rocks,  often  more  or  less  altered  and  deformed.  In 
the  present  report,  this  term  has  been  retained  as  the  moat  appro- 
priate and  convenient  designation  for  certain  very  ancient  basic  in- 
trnsives,  presenting  every  possible  phase  of  metamorphisra  and 
deformation.  Under  the  general  heading,  '  greenstone  schists,'  are 
included  several  varieties  of  diorite,  porphyrite,  hornblende  and 
chlorite  schists.  They  are  undoubtedly  the  oldest  rooks  with  which 
we  have  at  preEent  any  acquaintance  in  the  district.  Their  usual 
occurrence  in  intimate  association  with  the  more  massive  and  uniform 
norite,  in  addition  to  their  general  lithological  appearance  and  be- 
haviour, especially  the  more  massive  types,  were  the  main  reasons 
for  grouping  these  rocks  together,  under  the  same  colour  designation, 
on  all  the  earlier  geological  maps.  In  these  first  examinations,  such 
rocks  were  regarded  as  the  sheared  and  altered  representatives  of  lh« 
more  massive  norites,  the  latter,  by  some  fortunate  circumstance  or 
series  of  circumstances,  having  escaped  this  extreme  of  deformation 
and  metamorphism.  Later  examinations  have,  however,  revealed  the 
fact,  that  in  most  cases,  at  least,  these  more  or  less  foliated  and 
schistose  basic  eruptive  rocks,  are  distinctly  older  in  age,  and  wer» 
upturned,  faulted,  folded  and  considerably  metamorphosed,  at  some 
time  prior  to  the  intrusion  of  the  nickel  bearing  eruptive  proper- 
Careful  and  detailed  work  never  fails  to  reveal  the  presence  of  a 
di-tinct  line  of  separation  between  ihese  two  classes  of  igneous  rocks, 
and  the  importance  of  accurately  tracing  out  and  mapping  such  a 
boundary,  from  an  economic  point  of  view,  is  especially  emphasized, 
when  it  is  remembered  that  all  the  deposits  of  nickel  and  copper 
ores,  which  are  commercially  valuable,  are  located  either  in  the  imme 
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(liate  Deighbourhood,  or   at  Tarioua  pointa  directly   on    the  line  of 
jnnctioQ  between  the  norite  and  the  associated  rocks. 

The  least  altered   representatives  of   these  older  diorites,  or  more  Character  uid 
massive  varietiee  of  the  older  greenstones,  can  with  difficulty  be  dis-  (ji^^o^^ 
tingaished  from  the  prevailing  type  of  diorite  (altered  norite),  with  '^i^  green- 
which    the  nickel   and    copper   deposits   occur,    and  it  is  impossible 
to  resist  the  conclusion  Uiat  both  rocks  have  originated  from  precisely 
similar  types.     Their  difference  in  age,  however,  is  qnite  evident  from 
their  field  relations,  and  although  both  pyrrbotite  and  chalcopyrite 
occur  in  these  earlier  basic  rocks,  no  deposits  of  economic  importance  ^'q  deponta 

have  been  found  in  association  with  them  at  any  sreat  distance  from  ?^  ecanoniui 
•  "  unporUucH 

the  line  of  junction  with  the  younger  norite  or  diorite.  in  older 

Most  of  the  hand  specimens  examined  of  the  more  massive  types  of  Colour  of 
these  older  rocks,  are  considerably  finer  grained  than  the  neighbouring  Jjjf^^'*^ 
norite,  and  in  contrast  to  this  rock,  are  decidedly  greenish  rather  than 
greyish  or  blackish  in  color.     Moet  of  the  outcrops  may  be  referred  to 
as  '  gabbro  diorite ',  a  name  proposed  by  the  late  Prof.  O.  H.  Williams, 
for  a  diorite  which  given  unmistakeable  eWdencein  the  hornblende,  of 
its  derivation  from    pyroxene,  originally    present.     Some   exposures  Gabbra- 
exhibit  the  opbitio  or  interlacing  structure  characteristic  of   diabase,  <l''^f°T.  j^ 
which  is  often  discernible  either  to  the  unaided  eye,  or  with  the  k  tie  prevui- 
assiatance  of  an  ordinary  pocket  lens  .and  the  rock  in  which  the  J."|^"^™ 
structure  is  developed  would  be  referred  to  as  a  uralitic  diabase. 

Mincralogically,  as  represented  by  the  thin  sections,  examined  under  Petrogrkphi- 
the  microscope,  the  rock  is  now  composed  essentially  of  plagioclase  °^  ch&raotorB 
and  hornblende,  and  no  portion  of  the  original  pyroxene  has  yet  been  diorite. 
detected.     The  plagioclase,  in  all  cases  where  the  rock  is  sufficiently 
fresh  for  its  identification,  is  labradorite,  and  in  those  specimens,  which 
have  suffered  least  from  metamorpbism,  this  mineral  occasionally  has 
a  pale  brownish  tint,  the  colouring  matter  (presumably  very  finely 
disseminated  itmenite),  being  rather  unevenly  distributed  through  tbe 
various  individuals,  with  ctond-Uke  effect.     Pressuro  and  advancing 
decomposition,  however,  seem  to  quickly  destroy  or  romove  all  traces 
of  this  colouring  matter,  so  that,  with  few  exceptions,  the  felspar  is 
nearly,  if  not  quite,  colourless.     As  a  rule,  the  plagioclase  has  under-  Alteration  of 
gone  more  or  less  advanced  sauasuritization,  but  some  individuals  are  pl>^ool»e. 
still  sufficiently  fresh  to  permit  of  their  recognition  by  means  of  the 
estiaction  angles.     All  stages  in  this  charact«ristic  alteration  of  tbe 
basic   plagioclase   are   represented   in    the  specimens    collected    and 
examined,  but  this  has  been  so  fully  described  in  provious  publications, 
that  only  a  brief  mention  is  necessary  in  this  connection.     The  first 
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atep  in  the  deoompositJon  oE  the  original  felspar,  coasiats  in  tli« 
development  of  minute  scales  of  aericite,  and  fine  needle  like  forms  of 
epidote  and  zoiaite,  in  the  luidat  of  the  plagioclase  substance.  Another, 
and  veiy  frequent  form  of  development  of  these  Eccondary  minerals, 
ooDsistB  of  grape-like  bunches  of  finely  granular  sauasuritio  material, 
obieflj  Eoisite  or  epidote,  whose  coalescence  nltimatelj  produces  a  single 
larger  individual,  or  aggregate  of  several  individuals  of  these  minerals. 
One  of  the  more  advanced  stages  in  this  process  of  decomposition  of 
the  felspar,  consists  in  the  oomplete  obliteration  of  the  twinning 
lamellte,  and  the  replacement,  either  wholly  or  in  part,  of  the  plagioclase 
Babstance,  by  a  brilliantly  polarizing  aggregate,  made  up  chiefly  of 
sericite,  epidote  and  zoisite.  In  occasional  instances,  the  place  of  the 
felspar  is  taken  by  a  colourless  or  pale  yellowish  aaussurite,  which 
polarizes  in  dull  bluish  tints.  This  substance  is  usually  so  fine-grained 
that  it  cannot  with  certainty  be  resolved  into  its  component  minerals, 
even  with  the  assistance  of  the  higher  powers  of  the  microscope.  Borne 
of  the  coarser  portions  of  this  substance  were  examined  rather 
critically,  with  the  result  that  zoiaite,  sericite,  a  tittle  calcite  and  a 
secondary  plagioclase,  possibly  albite,  were  recognized  as  contributing 
Another  form  to  the  aggregate.  Still  another  form  of  alteration  of  the  original 
o  ten  ion.  f^igp^p^  ^q,]  ggg  often  accompanying  the  more  usual  saussuritization, 
oooststa  in  the  replacement  of  part  of  the  original  felspar  by  a  fine 
interlocking  mosaic  of  a  clear,  sharply  extinguishing  secondary  felspar 
(albite)  and  quartz. 

The  hornblende,  is  as  a  rule,  the  usual  deep  green,  strongly  pleochroic, 
compact  variety,  occurring  in  long,  imperfectly  developed,  prismatic 
forms.  Occasionally  the  fibrous  or  actinolitic  variety  is  represented, 
much  paler  in  colour,  and  with  less  pronounced  pleochroism.  Many 
of  the  individuals  of  this  mineral  show  the  pale  coloured,  more  or  less 
non-pleocbroic  interiors,  with  deep  coloured,  much  more  compact,  and 
strongly  absorptive  borders  characteristic  of  uralite.  Portions  of 
occasional  crystals  show  a  brownish  colour,  but  even  these  have  a 
decided  greenish  tinge.  Biotite  is  almost  invariably  present,  and 
usually  in  large  amount.  It  is  of  the  usual  deep  brown  colour,  showing 
strong  differences  in  the  absorption  of  light  when  rotated  between 
crossed  nicols.  It  occurs  in  platen  and  scales,  frequently  embedded 
in,  and  sometimes  forming  intricate  parallel  int«rgrowths  with  the 
hornblende.  It  has  often  undergone  considerable  '  bleaching ',  and 
is  then  somewhat  paler  in  colour  than  usual,  besides  showing  brilliant 
chromatic  polarization  between  crossed  nicols.  In  spite  of  the 
elimination  of  a  considerable  portion  of  the  iron,  the  pleochroism  as 
stated  is  stilt  very  pronounced.     It  often  contains  irregular  grains  of 
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mftgn«tit«.     Both  the  hornblende  and  biotite  show  frequent  decompo-  D^compoai- 
«itioa  to  chlorite,     '  Pleochroio  h&los ',  aurrounding  embedded  small  "J^"^^^^™' 
grains  or  crjatals,  chiefly  of  sphene^  are  frequent  in  both  the  hornblende  biotiM. 
and  biotite,  as  veil  as  in  the  chlorite  derived  from  them.     Comparat- 
ively large  and  sharply  defined  crystals  of  epidote  and  zoisit«  occur,  Epidow  nnd 
aycae  of  which  may  be  of  primary  origin,  although  by  far  th«  larger  ^*"" 
proportion  are  undoubtedly  the  secoada.-y  products  of  decomposition. 
Quartz    is    almost     invariably     present,    occasionally    forming    the 
obaracteristic  granophyric  intergrewth  with  the  felspar.  Inmost  cases  (Juartz,  a 
it  is  not  of  secondary  origin,  but  an  integral  part  of  the  same  magma  ounititaent 
-out  of  which  the  other  minerals  have  been  formed.     It  was  as  usual 
the  last  mineral  to  form,  filling  up  the  irregular  interspaces  left  by 
the  crystallization  of   the   other  constituents.      Ilmenit«   and    highly  limpnite  and 
titaniferous  magnetite  are   the  prevailing   iron   ores,  and   these  are  niumetiw'^ 
present  often  in  comparativelf  large  amount.     Mo^t  of  the  individuals 
&re  surrounded   by   opaque  grayish  leucoxene,  or   the  more  normal 
sphene,    resulting  from   the  alteration  of  the  titaniferous    iron    ore. 
Apatite  is  usually  present  in  small  amount,  occuiringin  the  character-  A]>atit«. 
islic  long,  acicular,  prismatic  forms,  which  pierce  all  the  other  consti- 
tuents of  the  rock.    Pyrrhotite,  chalcopyrite  and  pyrit«,   frequetitly 
oacur  disseminated  through  the  rock,  and  under  the  microscope  are  guipbidra. 
seen  to  form .  curious  irregular  skeleton  or  sponge-like  masses,  intima- 
tely associated  with,  and  frequently  embedded  in  the  coloured  consti- 

Alt^rtd 

These  diorites  occur  in  all  stages  of  decomposition,  while  still  retain-  ^''>"^- 
log  mnoh  of  their  original  massive  character.     A  type  illustrative  of 
perhaps  the  ftztreme  of  this  alteration  is  well  represented  by  a  hand 
specimen  obtained  from  the  tunnel  in  '  Lake  Bill ',  lot  8,  con.  IV.,  of  DeconiiwsMi 
Denison.  This  rock  is  a  fine-grained,  comparatively  light  green ish-gray,  f^^  "'Lake 
diabasio  rock,  with  occasional  fine  disseminations  of  pyrrhotite  and  !J'"-" 
ohalcopyrite.     The  thin  section  shows  that  all  of  the  hornblende  and 
part  of  the  biotite  have  been  altered  into  green  chlorite,  which  retains 
maob  of  the  strong  pleoobroism  characteristic  of  the  original  minerals  MineTalogrical 
from  which  it  has  been  derived.    The  ilmenite  has  been  almost  wholly  """l*""*'""- 
converted  to  sphene,  which  occuk  in  irregular  grains  and  crystals. 
Oaloite  is  very  abundant,  and  portions  of  the  slide  are  made  up  of  a 
rather  coarse  mosaic  of  quartz  and  calcite,   with  a  smaller  proportion  pon.hyriiio 

of  chlorite.    As  a  rule,  these  old  diorites  are  comparatively  uniform  in  ^' ' 

grain,  but  porphyritic  varieties  occur,  and  a  good  example  of  thb  phase,  c 
was  collected  from  certain  small  rounded  hummocks,  on  the  west  side  '" 
of  the  upper  or  new  roost  yard    of  the  Victoria   mines,  (N.    J   lot 
8,  Con.  in,   Denison).     The  band  specimen,  shows,  a  comparatively 
coarse-grained  rock,  made  up  of  indeRnite  or  irregular  phenocrysts  of 
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Hiaenloftiul  dark  green,  almost  black  bornbleade,  embedded  in  a  proportionately 
compoai  ion.     am^]|gr  amount  of  a  comparative!;  fine-grained  matrix,  which  is  rather 
paler  in^co'.our.     Thft  microscope  shows  the  rock  lo  be  a  porphyritic 
diorite,  made  up  very  largely  of  a  green,  feebly  pleochroic  hornblende. 
Much  of  llie  hornblende  is  compact,  but  in  the  finer-ffrained  portiona 
of  the  rock,  aa  well  as  in  the  terminations  of  the  larger  crystals,  tho 
mineral  shows  a  marked  tendency  to  assume  the  actinolite  habit.    The 
interspaces  between  the  larger  porphyritic  individuals  are  made  up  of 
sauesaritized  plagioclase,  actinolite  fcnd  ilnienite,  the  latter  mineral  ia 
various  stages  of  alteration  to  leucoxene.    Occasional  small  scales  of 
biotiu  may  be  noticed  embedded  in  the  hornblende. 
Hornblende-        Another  oloeely  related  rock  is  that  which  is  usually  referred  to  aa 
from  jdurra;   '  '•O'Tiblende-porphyrile,'    This  type  of  rock  is  perhaps  best  illustrated 
and  Elsie         by  outcrops  Occurring  to  the  southeast  of  the  Elsie  mine,  while  the 
steep  and  prominent  hilt  southeast  of   the  office  at  the  Murray  mine, 
is  almost  wholly  made  np  of  this  material.     The  groundmass  ia  mucb 
finer  in  grain  than  in  the  porphyritic  diorite  jnat  described,  but  the 
phenocrysts  are  usually  considerably  larger  and  more  conspicuous,  their 
deep  green,  almost  black  coloar,  with  glistening  cleavage  planes,   con- 
trasting well  with  the  finegrained  and  lighter  coloured  matrix  made    , 
uplargelyof  hyperstbene  with  some  felspar.  Still  another  closely  related 
form,  and  one  which  may  be  included  in  the  general  cla°s  of  the  older 
and  more  massive  greenstones,  may  perhaps  be  beat  descril>ed   as  a 
Diorite-  '  diorite  porphyrit« ',     The  beat  examples  of  this  type  of  rock  were 

porphyrite       obtained  from  exposures  outcropping  a  little  north  of  the  boundary 
GsrCnide  >ud  between  Qrabam    and  Creighton    townships,    on  lot  3,    con.    I   of 
mmes.    "        Creighton  township.     The  hand  specimen  shows  a  dark-green,  rather 
schistose,  dioritic  rock,  with  ill  defined  phenocrysts  <rf  plagioclase,  some 
portions  of  which  are  of   a  paler  yellowish-green  colour,   while  other 
parts  of  the  saTue  crystal  are  reddish.    Under  the  microecope,  the  thin 
Min«rnlo^cal  section  shows  that  these  large  irregular  phenocrysts  are  labradorite, 
diorSo^'""""  which  have  undergone  more  or  less  advanced  alteration  to  siussuritA 
porphyrite.       or  huronlte,  with  the  development  of  zoisite,  epidote  and  sericite.  The 
reddish  portions  of  the  crystals  are  comparatively  unaltered  and  stilt 
show  the  twinning  lamellte.     The  finer  interstitial  matter  is  made  np 
essentially  of  green  hornblende  and  plagioclase.     Some  of  these  indi- 
viduals show  the  pale  interiors  and  comparatively  dark-green  borders 
usnally  considered  as  characteristic  of  uralite.    Most  of  the  pl^ioclase 
has  undergone  more  or  less  advanced  saussuritization.     The  iron  ore 
present  ia  mainly,  at  least,  ilmenite,  for  it  may  be  seen  undergoing  alte- 
ration to  leucoxeno.     A  little  quartz  ia  present,  and  also  an  occasional 
scale  of  biotite. 
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Very  frequently  these  more  massive  types  pass  into  foliated  sohis-  Formatioii  of 
t096  varieties,   the  structures  being  the  direct  result  of  pre«Bure  and  of^^g^^ 
stretching,  and  all  gradations  may  frequently  be  observed  in  the  same  ichiBM. 
rock  exposure,  from  the  massive  gnhbro-dioritp,  through  diorite  schist, 
hornblende  schist  or  amphibolite,  to  actino lite  and  chlorite  schist.  The 
prevailing  type  of  hornblende  schist  or  ampbiholite,  iS  a  dark-green  to 
almost  block,  usually  glistening  and  very  fissile  rock.     It  is  made  up  (lineralofr'cal 
laniely  of  slender  prisms  of  the  common  green  hornblende,   usually  c<><»P9«iti<>i'^ 

•^  ,  ,        ,       >      .      ,  .  .      ,.  .  .       uopliibohte. 

compact  and  strongly  pleochroic,  but  sometimes  actinohtic,  »  varying 

bat  usually  small  amount  of  plagioclase  and  quarlz  occupying  inter- 
spaces between  the  rudely  parallel  individuals.  In  the  less  altered 
varieties  the  original  plagioclase  still  remains,  although  usually  more 
or  less  sansBuritized,  but  some  specimens  examined  are  seen  to  have 
unde^ne  more  or  less  complete  recrystallization,  with  the  formation  of 
an  interlocking  mosaic  of  water-clear,  usually  unstriated  plagioclase 
(albite  ?)  and  quartz.  Biotite  is  almost  invariably  present,  and  the  iron 
ore  is  sometimes  ilmenite,  or  highly  titaniferous  magnetite,  the  grains 
of  this  mineral  being  boi-dered  with  sphene.  In  other  instances,  the 
iron  ore  is  simply  magnetite,  showing  no  traces  of  alteration  and  this 
mineral  is  often  present  in  large  quantity.  PyrrhotiK',  chalcopyrite 
and  pyrite,are  sometimes  disseminated  through  the  rock  in  small  grainS) 
and  in  the  vicinity  of  the  ore  bodies,  thexe  sulpbidea  are  often  abun- 
dantly present  in  this  type  of  rock.  Some  exposures  of  these  rocks 
are  made  up  almost  entirely  of  hornblende.  The  thin  section  of  a  spe-  Amphibolite 
cimen,  secured  from  Cryderman  mine,  (lot  5,  ccn.  Ill,,  Garson)  showed  J^^f^' 
this  rock  to  bo  mode  op  of  hornblende  individuals  closely  (impacted 
together,  with  no  intervening  felspar  or  quartz.  Magnetite  is  abundanti 
while  pyrrhotite  and  chalcopyrite  are  thickly  disseminated  through  the 
rock.  Some  phases  of  these  hornblende  schists  are  sometimes  so  badly 
decomposed  that  only  occasional  cores  of  the  hornblende  crystals  have 
survived,  the  remainder  having  been  converted  into  chlorite.  The  Deoamposi- 
plagioclase  and  quartz  present  in  these  rocks,  are  often  indistinguishable  ^phibolit« 
from  one  another,  the  former  being  the  clear,  often  unstriated  variety 
(albite),  so  characteristic  of  these  recrystallized  eruptives.  Biotite  ia 
present  in  much  smaller  amount,  and  has  likewise  contributed  by  its 
alteration  to  the  formation  of  the  abundant  chlorite.  Kpidote  and  cal- 
cite  are  also  present  in  comparatively  large  amount,  as  secondary  pro- 
dncta  of  decomposition.  Magnetite  is  plentiful,  and  much  of  it  is 
undoubtedly  of  secondary  origin.  These  rocks  are  usually  much  paler 
in  cMour  than  the  prevailing  and  less  decomposed  varieties  of  amphi- 
bolite. 
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In  certain  localities  these  hornblende  aohUts  were  noticed  to  contain 
numeroua  amall,  irregularly  oval,  light-coloured  patches  or'&ugen', 
BOmetimes  made  up  almost  eotirelj  of  ptagioclase,  or  thia  mineral  in 
association  with  an  equal  or  even  greater  quantity  of  quartz,  while  in 
certain  instances,  quartz  alone  is  present.  These  are  of  various  sizes 
aud  shapes,  but  they  are  usually  less  than  a  quarter  of  an  inch  in 
diameter,  and  most  of  them  are  about  the  aize  of  an  ordinary  pea.  In 
certain  instances,  some  o!  the  larger  of  these  areas  seemed  to  be  made 
up  of  a  single  imperfect  phenocryst  of  plagioclase,  but  a  study  of  the 
slides  usually  shows,  a  mo'-aic  made  of  several  distinct  interlocking 
grains  of  thia  mineral,  together  with  a  varying  amount  of  quartz.  The 
rock,  at  first  sight,  suggests,  an  amygdaloid,  with  theamygdalesor  vesi- 
tiles  filled  with  this  quartzo-felspathic  material,  but  a  more  reasonable 
explanation  suggests  their  probable  origin  as  small,  more  or  less  conti- 
nuous veins,  of  pegmatite  which  have  become  thus  deformed  and  separ- 
ated as  a  result  of  stretching.  The  structure  is  of  rather  frequent 
occurrence  and  characteristic  of  comparatively  large  areas  of  the 
amphibolite.  Similar  rocks  have  been  noticed  by  Dr.  Coleman  as 
occurring  in  the  vicinity  of  the  Frood  mine,  while  in  the  central  part 
of  the  township  of  Uraham,  the  writer  has  collected  several  specimens 
from  the  N.J  lot  8,  con.  III.,  and  the  N.  J  lot  1,  con.  IV.,  of  this  town- 
ship. The  matrix  in  which  these  small  eye-like  forms  are  developed, 
shows  a  flne-grain'd  hornbl  'nde  schist  made  up,  in  great  part,  of  com- 
pact, dark-green,  strongly  pleochroic  hornblende,  together  witli  a  tittle 
biotite.  In  the  specimen  from  the  N.  J  lot  1,  con.  IV.,  of  Graham, 
the  quartz  and  felspar  of  many  of  the  'augen'  contain  small  scattered 
individuals  of  hornblende,  zoisite  and  biotite. 

Another  tjrpe  of  rock,  which  was  noticed  at  two  widely  separated 

'  localities,  intimately  asaooiikted  with  these amphibolitea,  is  adark-gray, 
almost  black,  faintly  gliiitening  schistose  rock.  Tlie  thinsection  of  a 
specimen  obtained  near  the  openings  on  lot  12,  con.  IV.,  of  Denison, 
shows  a  flne-grained  aggregate  of  pale  coloured  or  '  bleached '  biotite, 
with  a  much  smaller  amount  of  plagioclaae.  Small  grains  of  sphene 
are  abundant,  and  also  irregular  fragments  of  oalcita 

Another  variety  of   the   same  rock  is  represented  by  a  specimen 

■  obtuned  near  the  Century  Copper  mine,  o:i  the  N.J  lot  4,  con.  IV,,  of 
Oraham.  It  contains  frequent  disseminations  of  pyrrhotite,  pyrite  and 
chalcopyrite,  and  in  addition  to  the  plagioclaae,  contains  a  considerable 
amount  of  quartz.  The  biotite,  which  is  in  fairly  large  plates,  is 
'  bleached  '  with  frequent  pleochroic  halos,  surrounding  certain  of  tb« 
smaller  inclusions,  which  are  abundant,  and  include  sphene,  epidote 
and  zoisite. 
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Occasionally  these  amphibolitea  contain  garnet,  which  is  Bometimes  Gmiietiferous 
abundant,  and  often  in  large,  ill-defined  or  rounded  crystals.  The  moet  f„^  Venoi- 
striking  example  of  such  a  rook  is,  doubtless,  that  occurring  in  the  viei- ''"°  ■"'"*• 
nity  of  the  Vermilion  mine,  (lota  5  and  6,  con.  I V.,  of  Denisoa).    The 
matrix  shovs  the  prevailing  fine-grained,  dark-green  fchiar,  in  which 
rounded  crystals  of  reddish  garoet,  sometimes  two  inches  in  diameter, 
are  developed.     The  matrix  is  made  up  principally  of  hornblende  and  Microscopical 
quartz.   The  garnet  is  quite  normal,  but  is  much  cracked  and  slightly  ^f  min^rsla. 
seamed  with  green  chlorite,  which  has  resulted  from  its  incipient  altera- 
tion. It  was  also  noticed  to  contain  inclusions  of  magnetite  and  quartz. 

There  can  be  little  doubt  in  regard  to  the  origin  of  most  of  these  older  Origin  of 
greenstones,  that  they  represent  greatly  decomposed,  sheared,  and,  at 
times,  completely  reorystallized,  basic  eruptives,  but  there  is  still  consi- 
derable doubt  regarding  the  exact  conditions  attending  the  genesis  of 
certain  other  types  of  rocks,  which  are  intimately  associated  with,  and  Dgf^miBd 
usually  included  in  these  greenstones.  Some  of  these  show,  though  some-  t^iiipti  w. 
whatindbtioctly,  the  ellipsoidal  and  amygdatoidal  structures,  character-  Squwsed 
isticof  lava  flows,  while  olhers,again,  are  almost  certaioly  of  a  pyroclastic  , 
nature,  representing  consolidated  beds  of  volcanic  ashes  and  6ne  agglo-  ^'',^!^,,  ^[, 
merates,  but  all  of  these  have  boen  so  greatly  squeezed  and  stretched  rocks. 
that  their  precise  identification  is  extremely  difiicult,  if  not  impossible. 
Some  portions  of  the  sedimentary  rock:),  chiefly  quartzites  and  grey- 
waokes,  are  included  in  the«e  areas  of  greenstones.    In  some  instance?,  Altered 
these  clastic  rocks,  which  have  been  thus  caught  up  in  the  greenstone,  iocladed  with 
are  sufficiently  large  to  permit  of  being  separated  on  the  map,  but,  for  Breenstone. 
the  most  part,  they  are  comparatively  small,  and  have  been  included 
under  the  same  colour  as  the  greenstone.     All  of  these   clastic  rocks 
are  greatly  metamorphosed.  The  tufi&  or  greywackes  are  now  mode  up 
chiefly  of  clear  felspar,  with  a  smaller  proportion  of  quartz,  the  former 
mineral  Iwing  largely  altered  to  sericite ;  biotite,  chlorite  and  magnetite 
or  ilmenite,  are  the  most  abundant  minerals  represented.  Often  reorys- 
tallization  has  been  so  advanced  that  no  traces  of  their  detrital  origin 
remnin.    The  quartzites  are  of  the  usual  felspathic  variety,  the  compo- 
nent grains  only  occasionally  revealing  tracen  of  water  action,  the 
atrnctare,  for  the  most  part,  being  «minently  interlocking. 

(2.)  Upper  Hurokian. 

b.  cobglomerati's,  felspathio  sandstones  and  quartzites. 

Although  a  large  proportion  of  the  rocks  included  as  Huronian,  in  the  '|^™^"f 
Sudbury  District,  are  the  direct  result  of  igneous  action,  considerable  Upper, 
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areuare  underlaid  bjr  others  of  undoubtedly  sedimentaiy  origin.  While, 
however,  the  various  types  of  these  rocka  have  been  studied  in  consi- 
derable detail,  so  that  their  precise  mineralof^cal  oomposition  is  well 
Strati^phi-    understood,  their  stratigraphical  position  has  not  been  determined  as 
not  i^iafsc-     satisfactorilj  as  might  be  desired,  as  only  a  oomparatively  limited 
J^'^*^***^"     time  could  be  spared  from  the  work  of  examining  and  delimiting  the 
more  important  eruptlves,  directly  asaociated  with  the  ore  bodies.  The 
geotoftica.!  succession  therefore,  advocated  in  this  report,   is  not  based 
on  an  extended  or  critical  study  of  the  field  relations  of  these  rocks, 
and  much  more  exhaustive  work  will  be  necessary  before  a  final  and 
authoritative  utterance  is  possible  on   this  point.     Some  difficulties 
DiiBcultiea  or  which  presented   themselves  during  even  the  preliminary  investiga. 
fniTTOccer     *'°™  Undertaken  by  the  writer,  may  be  mentioned  briefly.     In  the 
eitm.  first  place  all  the  rocks  of  the  district  have  been  greatly  disturbed,  so 

that,  the  originally  horizontal  strata  are   now  ti]t«d  at  very  high 
angles,  in  some  instances,  having  assumed  a   vertical  attitude,  and 
Roeki  greatly  o<^(»sionally,  have  even  been  overturned  as  a  result  of  the  mechanical 
''umS**'  *"''  *^'**^^  ^  which  they  have  been  subjected.     In  some  cases,  and  over 
extended  areas,  the  rocks  have  been  so  metamorphosed,  that  the  planes 
of  original  sedimentation  are  more  or  less  completely  masked,  or  even 
destroyed  altogether,  thus  rendering  it  very  difficult,  if  not  impossible 
to  interpret  the  true  structure  or  succession.     In  addition,  the  situa- 
Schistose         t'OD  '^  further  complicated,  and  a  satisfactory  explanation  delayed,  by 
miBtakBD"for    '^**^"  °^  ^^^  frequent  development  of  certain  secondary  structures 
bedding.  due  to  intense  and  prolonged  pressure  and  stretching.     The  foliated, 

schistose  or  slaty  structures,  thus  induced,  are  frequently  mistaken  for 
bedding  planes,  although  usually  forming  considerable  angles  with 
tiucdSKton       them.     Besides  the  continuity  of  the  areas  of  the  clastic  rocks  is  fre- 
ind^iSmpr       1'*^''*'?  broken  by  the  intrusion  of  irregular  masses  of  igneous  mat«- 
<:at«dby  rial  which  not  only  greatly  disturbed  and  obscured  the  original  order 

tDMHva.  of  deposition,   but  divide  these  sedimentaries  into  a  number  of  sepa- 

rate bfieins,  whose  satisfactory  correlation  can  only  be  unravelled  by 
much  more  detailed  study  than  the  present  opportunity  afforded 
the  writer.  At  this  stage,  therefore,  the  succession  favoured  in 
this  report,  is  not  offered  without  a  certain  degree  of  hesitation, 
although  it  is  without  doubt,  a  much  more  complete  and  eatiafactoiy 
Present  classification  than  any  which  has  yet  been  attempted.     With  the  ex- 

Bcheme  offered  .  ''    ,  '  '^ 

with  »ome  oeption  of  one  or  two  minor  points,  it  differs  in  no  essential  particular 
f^^iiaTy^"'  from  the  scheme  ofiered  by  Dr.  Coleman  in  his  last  report,  (i)and  we 
the  ^me  as  both  agree,  in  advancing  the  opinion,  that  the  intrusion  of  the  nickel 
iqsd'x.  bearing  norite,  took  place  at  a  much  later  date,  than  formerly  supposed. 


(1).  Ano.  Rep.  Bur.  of  Mines,  Ont.  1903,  p.  2!t8. 
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It  b  confideotly  expected,  however,  that  Dr,  Coleman,  u  a  result  of  Ex|ie«ted 
the  later  wort  he  is  now  conducting  in  the  district,  will  decide  many  \^^  work 
of  the  qaestiona  which  are  Btiil  a  matter  of  opinion  and  conjecture^  will  dettnnioe 
and  the  appearance  of   his  monograph  i^  accordingly  awaited,  with  the  noa 
expectation  that  this  question,  of  succession eapacially,  will  receive  full 
and  satisfactory  treatment. 

The  oldest  clastic  rocks  exposed  in  the  vicioiby  cf  Sudbury,  are  cer-  Oldrstclutic 
tain  felspalhic  aandstones  or  greywaokes,  frequently  interbedded  with,  sJ^dj^g'i 
and  passing  by  insensible  gradations,  into  felspathic  quartzites  or  arko. 
ses,  the  latter,  for  the  most  part,   being  the  later  rocks,   and  usually 
forming  the  summit  of  the  series.     These  rocks  are  evidently  closely 
related,  the  main  point  of  difference  noticed,  consisting  in  the  relatii'ely 
coarse  grain  and  large  amount  of  quartz  in  the  quartzites,  with  less  of  Mineralogi- 
the  finer-grained  interstitial  material,  this  being  made  up,  for  the  most  tiun  of 
part,  of  the  lighter  coloured  decomposition  product  sericite,  while  in  the  ^"'^"^'"^''^ 
greywacke,  the  texture   is  finer,  and  'felspar,    not  quartz  is  the  pre- 
dominant constituent.     Chlorite,  with  innumerable  Sue,  disseminated 
particles  of  opaque  matter,  gives  the  prevailing  dark  colour  to  the  rock. 
The  quartzites,' for  the  most  part,  occur  in  thick,  massive  beds,  which  are 
very  uniform  in  mineralogtoal  compoaibioa,  while  the  greywackes  are 
much  more  distinctly  and  evenly  stratified,  and  certain  shales  and  slates 
exposed  in  the  district,  are  evidently  thinly  bedded  varieties  of  this 
rock.     All  intermediate  stages,  both  in  composition  and  structure,  may  Transition 
be  noticed  between  these  two  types  of  rock,  which  at  the  two  extremes    w'ckTanS"^' 
are  quito  distinct  and  recognizable.     Comparatively   large  areas  are  ^■'■■'*i''^' 
characterized  by  the  prevalence  of  one  or  other  of  these  rocks. 

Some  of  the  grey  wackea  are  evidently  of  the  nature  of  muddy  sedi    Origin  of 
tnents,  deposited  in  water,  as  a  result  of  ordinary  conditions  of  degrada.  ^'^^        *' 
tion  and  deposition,  but  tuSs  constitute,  by  far,  the  larger  part,    repre- 
senting the  consolidation  of  what  was  originally  volcanic  ashes,  being  one 
of  the  results  of  the  explosive  action  to  which  is  due  the  presence,  at  the 
surface,  of  thegreatbeltsof  greenstone.  The'»  have,  in  most  cases,  been 
sort«d  and  rearranged  by  the  action  of  water,  but,  in  other  instances, 
little  or  no  trace  of  rounding  action  can  be  detected  in  the  component  ^licrwcopie 
grains,  even  in  those  types  which  have  suffered  little  or  no   alteration,  of  greyi^ke. 
These  rocks  are  usually  of  a  dark -gray,  purplish- brown,  or  greeniah-gray 
colour.     They  are  often  evenly  and  very  distincbly  banded,  in  vary- 
ing shades  of  gray.     Jointing  is  frequent  and  also  slaty  cleavage. 
They  are  often  faulted  and  shattered,    and   in   the    vicinity   of  the 
various  greenstone  masses,  are  penetrated  and  altered   by  irregular 
tongues  and  masses  of  the  basic  igneous  material.  They  are  frequently 
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Por|>h]-ritic      porphjritic,  and  uauailj  the  plienocrysts  are  email,  very  thickly  disse- 

^rTce  mcW  ^'^  miDated,  and  of  a  very  pale-grayisti  or  whitish  colour.    For  this  reason, 

the  rock  has  been  referred  to,  in  the  field,  as  '  rice  rock.'   These  ph*- 

uocrysta  were  probably  andalusite  or  staurolite,  but  the  akeleton-forniB 

Phenocrynta     *re  HOW  occupied  by  a  confused  aggregate  of  minute  sericite  scales  and 

°J*"'^^"''*^ ,  quartz.     Other  exposures  show  small  yellowish -brown  spots  made  up 

hombleoclH.      of  rutile,  whiteothersagain,  exhibit  irregular  pheaocrysts  of  hornbleode, 

DOW  wholly  replaced  fay  chlorite.     Thin  sections,  examined  under  the 

microvoope,  reveal  a  rock  which  has  undergone  rather  extensivedecom- 

Coinpoiiition     position.     It  is  usually  made  up  very  largely  of  felspar,  with  a  smaller 

Breywscltp.  proportion  of  quartz,  in  small,  angular  or  slightly  rounded  fragments. 

These  are  surrounded  by  a  net-work  of  serioite  and  chlorite  scales^ 

together  with  a  considerable  amount  of  opaque  iron  ore.     The  larger 

individuals,  at  least,  have  evidently  been  ilmenite,  but  are  now  almost 

completely  altered  to  leucoxene.     The  darker  bands  are  made  up  of 

Alteiation  uf    more  thickly  disseminated,  dust-Iike  particles  of  iron  ore,  much  of  which 

greywucke.       ^^  j^^^^  j^  ji^jg^ftg    j^  t,(,g  vicinity  of  the  various  eruptive  masses,  as 

well  as  in  those  masses  which  have  been  caught  up  in  the  greenstone,  these 

rocks  are  very  much  attored,  the  various  types  having  been  described 

QuKrtziws        as  mica  schists,  felsites  and  phyilitee.  The  rooks  referred  to  as  quartz- 

ites  are  massive,  though   usually   distinctly  stratilied,  of  a   pale-gray 

reddish,  yellowish -gray,  or  greenish-gray  colour.     They  are  intimately 

associated  and  often  interbedded  with  the  tuffs  or  greywackes,  so  tJiat 

it  is  frequently  impossible  to  separate  the  two  for  purposes  of  mapping. 

Mmeralogicsl  V  nder  the  microscope  the  thin  section  exhibits  a  rock  made  up  chiefly  of 

aiMrtztte""  "  quartz,  with  a  somewhat  smaller  proportion  of  felspar,  most  of  which  i» 

nnstriated,  and  therefore  presumably  orthoclase.     Uccasional  grains  of 

microcline  were  noticed,  showing  the  various  stages  in  the  development 

of  the  characteristic  fine,  cross-hatched,  twinning  structure.     Much  of 

the  feUpar  is  decomposed  into  a  hydrous  form  of  muscovite  (sericite), 

occurring  in  irregular,  pale-yellowish  or  colourless  scales  and  plates, 

which  together  with  fragments  of  nndecomposed  felspar,  make  up  a 

groundmass,  in  which  the  larger  individuals  of  quarlz,  and  more  rarely 

of  felspar,  are  embedded. 

Microuoincal      The  structure  of  the  rock  is  for  the  most  part  interlocking,  but  some 
atructure.         specimens  show  distinctly  clastic  structure,  while,  in  most,  the  resem- 
blance to  well  authenticated,  recrystallized  elastics  is  such  as  can  hardly 
b3  mistaken. 

Altered  ^  little  over  a  mile  northwest  of  Sudbury,  the  CaDsdian  Psciflc 

quartcite  rsUway  crosses  a  belt  of  very  highly  altered  felspathic  quartzite,  the 

west  of  outcrops  of  this  rock,  forming  a  series  of  comparatively  biyb  and  con- 
Sodbarr. 
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spicaous  ridges.    Thu  band  averages  abont  half  a  mile  in  width,  and 
extends  with  nnbroken  ocmtinnit;,  from  the  ricioity  of  the  Frood  mine 
to  Copper  Cliff.     Here,  denodatioii  has  removed  a  considerable  portion 
ot  these  rocks,  leaving  only  small  areas  snob  aa  that  which  ontcropa 
immediately  north  of  the  old  Copper  Cliff  mine.  These  rooks  are  again 
exposed  to  the  west  of  the  Ontario  Smelting  Works  at  Copper  Cliff 
forming  the  high  ridges,  which  with  some  minor  breaks,  extend  in  a  Altered 
southeasterly  direction,  a  little  beyond  the  boondary  between  Waters  i^^'*  " 
and  Graham  townships.    Areas  of  very  similar  rocks  are  shown  on  the  Gnhsm  and 
map,  as  oocnrring  in  the  township  of  Denison,  the  largest  maas  cover-  towi^ip«. 
ing  a  considerable  tract  north  of  the  Vermilion  mine.     The  microsco- 
pical examination  of  most  of  the  thin  sections,  representative  of  this 
rock,  throws  little  or  no  light  on  its  origin,  and  the  exposures  might 
very  readily  be  mapped  as  belonging  to  a  biotite  or  hornblende  granite, 
while  the  presence  of  a  breccia  of  antoclastic  character  at  the  junction  Antodaaiia 
between  this  and  the  greywackes  to  the  southeast,  might  easily  be  "^''*- 
interpreted  as  indicating  the  intrusion  of  a  granitic  rock  through  the 
greywacke. 

These  small,  usually  parallel,  atvi  eeemingly  dyke>like  forms  of  quart- 
EO-felspathic  material,  are  in    reality  thin    beds  of  arkoee  material, 
which,  originally  oontinnous,  have  been  drawn  out,  broken  and  sepa- 
rated during  the  processes  of  stretching,  while  the  enclosing  rocks, 
having  yielded  more  readily  to  deformation,  give  no  evidence  of  auto- 
clastic  action.    This  qnartzite  is  frequently   '  blotched  '  in  the  vicinity  'Blotched  ' 
of  the  railway  line,  the  spots  or  blotches  of  a  pale-reddish  or  pinkish  northwtstof 
colour,  being  embedded  in  a  network  of  grayish  material,  without  how-  8<><^"ry. 
ever,  any  sharp  or  well-defined  boundary  between  these  two  portions 
of  the  rook.  It  is  made  up  principally  of  qnartz,   felspar,  biotite,  mus- 
corite  and  sometimes  hombtpnde,  the  last  mentioned  mineral  being 
especially  conspicuous  in  those  exposures  of  the  rook  crossed  by  the 
railway  and  wagon  road  to  Azilda.     This  mineral  occurs  usually  in  * 
loDg,  slender  prisms,  of  a  dark  green  colour,  disposed  at  rarioas  angles 
to  one  another,  and  very  evidently  the  product  of  secondary  action. 

The  component  minerals  possess  the  irregular,  interlocking  outlines,  Minendogioal 
with  usually  no  suggestion  of  the  rounding  action  of  water  and  at  first  3?^]'*'°°  "^ 
sight,  has  every  resemblance  to  a  granite  or  gneiss.     An  examination  quutzite. 
of  the  field  occurrences  of  this  rock  is,  however,  much  more  satisfactory 
than  that  of  the  thin  section  under  the  mioro6cop&     At  times,  a  series 
of  beds  can  be  traced  ont,  difibring  considerably  in  composition  and 
lextur^  the  whole  occurring  in  the  form  of  a  synclinal  basin,  resting 
upon  the  greywackes.    This  quartzite  represents  the  most  advanced 
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'  Ragenent-     type  ot  a  racrfatallized  arkose  for  which  the  term  '  regenerated  granite ' 
^^  has  been  proposed  (').  In  the  Huronian,  there  are  no  very  litrge  areas 

of  conglomerate,  and  the  exact  position  of  these  rocks  is  atill  a  matter 
of  doubt,  but  it  is  hoped  that  future  inveatigation  vill,  at  an  early  dutei 
enible  a  precise  statemunt  of  their  stratigrsphical  position  to  be  made. 
Stratisra         From  the  inrestigatioDS  undertakea  by  the  writer,  these  oonglomerateB 
mio^niim.       ^oold  appear  to  lie  at  the  base  of  a  series,  which  passing  upwards  into 
darker  coloured  felpathic  sandstones  or  greywackes,  are  in  turn  over- 
laid by  felapathic  qaartzites  or  arkoses  which  cover  the  larger  portion 
of  the  southeastern  part  of  the  Sudbury  map. 
Ciitraeurot        Such  rocks  are,  as  a  rul>-,  of  a  dark'gray  colour,  wiih  disseminated, 
ooaglomerates  angular,  sabaogular,  or  rounded  fragmenta,  chiefly  of  quarts,  granite, 
Minenloffioal  dioritc^  tic.  Thin  sections  exhibit  a  rock  made  up  of  fragments,  chiefly 
^j^5j^.    of  qaart7^  but  also  of  orthoclase,  plagioclaee  and  mioroperthite.     The 
rate*.  most  abundant  composite  fragments  are  granitite,  compoaeci  mainly  of 

microperthite  and  quartz,  together  with  a  little  l^otite.     All  of  the 
larger  individuals  are  embedded  in  a  matrix,  made  up  of  much  finer 
pipcee  of  quartz  and  felspar,  together  with  biotite,  sericite  and  a  pale- 
lUtiua;  lake  green  chlorite.     Occasional  grains  of  pyrite  and  also  some  of  ilmenite 
oMiglomeiate.  qqqqp_  Excellent  exposures  of  the  last  mentioned  conglomerate  may  be 
seen  along  the  line  of  the  Canadian  Pacific  railway,  immediately  east 
of  Sudbury,  and  in  the  vicinity  of  the  north  shore  of  Ramsay  lake- 
As  usnal,  theee  conglomerates  are  extremely  local  in  their  development, 
covering  no  very  large  extent  of  conntry,  and  the  area  to  the  east  of 
Sudbury  is,  by  far,  the  largest  covered  by  such  coarse,  detrital  rocks. 
Conirlomenite  Bxpoeures  of  a  very  similar  rock  occur  on  lot  7,  con.  I.,  of  the  township 
in  DeniKm.     of  Denison,  to  the  south  of  a  small  lake,  the  conglomerate  at  this  place 
underlying  the  quartzite. 

Dr.  Coleman  mentions  that,  'the  most  typical  conglomerate  in  the 
t  much  broken  band  from  oortheast  to 
'''"*°'  *    southwest,    near  Stohie  mine,  showing  crowded    pebbles   and   small 

bouldera  of  more  than  half  a  dozen  kinds,  including  granite,  quartzite 
and  several  sorts  of  green  schiat,  as  well  as  greenstone.' (')  Theoccurr- 
ence  of  these  conglomerates  and  the  character  of  tbeir  pebbles,  indicate 
FrobabI?  a  probable  lock  of  conformity  in  the  Huronian,  and  it  is  quite  possible 

uDcoDformity  tbat  there  is  a  lower  and  an  upper  series,  the  former  made  up  of  green- 
stones, schists,  greywackes  and  highly  altered  qDartzit«B  (regenerated 
granites),  overlaid  unconformably  by  the  conglomerates  juat  mentioned, 
together   with  the  overlying  greywackes   and    felspathic  sandstones 

(I.)  Quart.  Jonrn.  Qeol.  Loo.  VoL  LIII  (i897)  p.  4i 
(2)  Ann.  Rep.  Bur.  of  Minn  Oat.,  1903,  pp.  239  kod  300. 
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exposed  in  the  sontfaero  part  of  tiie  Tit^ria  mines  map,  and  the  south- 

easterD  part  of  the  Sudbury  map.     Besides  these  coarse  detritel  rocks,  gj^^p^iS';, 

which   are  evidently  consolidated   shore  deposits,  there   are  certain  autucliutic 

pseudo-conglomerates  or  antoclastiu  rocks,  formed,  as  already  stated,  as 

a  result  of  pressure  and  deformation.     These  '  crush '  conglomerates 

are  especially  abundant  where  the  harder  and  more  brittle  qnartzites 

come  in  contact  with  the  schistose  ^reywackes.     Certain  portions  of 

the  green  sobiste,  penetrated  by  granitic  material,  have  likewise  become  Antoc^tic 

autoclastic,  through  the  stretching  and  rolling  out  of  the  rooks,  while  and  grmnitB 

large  portion*  of  the  greywsckes  themselves,  have  been  broken,  the 

fragments  separated  and  recement«d  together,  by  similar,  though  some. 

what  coarser  material. 

{2.)  Uppkr  HuBONUt)  I 

(O.)  OLDKB  t  N0BITB8  AND  S10B1TE&. 

Certain  areas  of  gabbro  and  corite,  with  their  derivative  diorite,  of^er'^norito 
occur,  which  have  no  direct  or  visible  connection  with  the  main  mass  »°d  diorite. 
of  the  nickel  bearing  norite.     Most  of  these  intrusive  masses  exhibit 
certain  peculiarities  of  composition  and  structnre,  which  all  seem  to 
possess   in  common,  and  by  means  of  which,  they    may  usually  be 
distinguished    from   the  ordinary  norite.    The  possession  <^  these 
characteristics,  as  well  as  their  prevailingly  greater  alteration,  suggests 
a  probable  difference   in  age,  and  the  position  assigned  to  them  in  the 
table  of  the  geological  formations  exposed  in  this  district,  is  beheved  to 
be  a  very  close  approximation  to  the  truth.     Moat  of  these  masses,  at  ^^t^"^^^ 
least,  are  distinctly  younger  than  any  of  the  clastic  rocks  with  which  than  clutic 
they  oome  in  contact,  as  they  pierce  and  alter  the  highest  beds  of  the 
qnartrites,  which  occur  in  the  region  covered  by  the  southern  and  south- 
«Mtem  portions  of  both  the  accompanying  map  sheets.  Their  age,  with 

regard  to  the  granil«  or  main  mass  of  norite,  is  not  known,  as  they  ^ 

nowhere  occur  in  conjunction  with  these  rocks.     They  are,  however,  ""^JS^- 
older  than  the  oli vine-diabase,  for  dykes  of  this  latest  rock  in  the  area, 
are  seen  to  cut  them  in  many  places. 

With  the  exception  of  the  Worthington  mine,  no  large  or  econo-  Worthington 
mioally  valuable  deposits   of   nickel   or  copper  have  been  found    in  luRe  deposit 
connection  with    them,   although  the   Mitchener  and  Totten  mines,  ^ "u^"^ 
situated  in  the  township  of  Drury,  were  opened  on  masses  of  these 
minerals  which  were  directly  connected  with  the  Worthington  mine 
intrusive.     Other  deposits  of  these  sulphides  sre  known  to  occur  at  Other 
several  points,  as  for  instance  on  lot  12  con.  IIJ.,  of  Neelon  township, 
where  the  pyrrhotite  was   found  to  contain  3.10  per  cent  of  nickel, 
And  on  the  north  half  of  lot  4,  con.  VI.,  of  Neelon  township,  but,  so 
64 
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far  M  known,  none  of  these  are  of  sufficient  dimensioDS  to  form  work- 
ing mines  nnder  present  oondilions. 

One  of  tfaeae  belts  of  norite  st»rta  ia  the  township  of  Drarj,  to  the 
south  of  the  ConAdiAD  Pacific  nuiway,  »nd  extends  across  thosouthern 
part  of  the  township  of  Deniaon,  ending  a  short  dUtsjtce  east  of  the 
Vermilion  river.  The  sirall  areas  shown  oo  the  map,  as  occurring  on 
lot  12,  oon.  II  and  III.,  of  Denison,  are  of  the  same  rock.  Another 
band  forms  the  high  land  between  Trout,  Clear  and  Whit.fish  lakes  on 
the  soatheast,  and  McCharlea  and  Simon  lakes  on  the  northwest. 
The  highest  portion  of  the  ridge  rises  220  feet  above  McCharles 
lake.  The  probable  continuation  of  this  band  forms  the  higher  hilla 
northwest  of  Kellej  lake,  and  with  some  minor  breaks,  the  ridges  formed 
by  tbe  outcropping  of  these  hard  rocks,  extends  to  the  eastern  end  of 
Ramsay  lake.  To  the  north  of  tbe  Canadian  FaciSc  raitwa;,  and  to 
the  east  of  the  town  of  Sudbury,  the  rock  forms  a  series  of  exceedingly 
mgged  and  comparatively  high  hills,  the  highest  of  which  risee  over 
1 000  feet  above  the  sea.  This  mass  of  norite  and  diorite  covers  an  area 
of  ^loat  four  square  miles  in  this  part  of  McKim  and  Neelon  town- 
ships, pending  off  a  long  narrow  arm,  which  crosses  the  sixth  concessioD 
of  the  township  of  Neelon.  The  large  irregular  mass  of  similar  igneous 
material,  occurring  in  the  easUrn  part  of  Neelon,  and  shown  on  the  map 
as  covering  portions  of  the  third,  fourth  and  fifth  conoeBsions,  is  known 
to  be  directly  connected  with  the  same  mass.  With  the  exception  of 
tbe  smnller  separated  masses,  with  which  the  Frood  and  Stobie  mines 
are  connected,  and  which  undoubtedly  belong  to  the  main  mass  of  the 
■  norite,  all  of  the  smaller  areas  of  massive,  basic,  igneous  rocks,  shown 
on  the  map,  are  made  up  of  this  or  a  closely  related  type  of  rt>ck.  In 
addition  to  these,  considerable  areas  of  massive  diorite  occur  in  intimato 
association  with,  and  probably  intrusive  through,  the  older  greenstones 
and  tuSs,  which  make  up  the  larger  portion  of  the  area  covered  by  the 
third  and  fourth  concessions  of  Denison.  These  rocks  are  quite 
distinct  from  that  which  forms  the  main  mass  of  norite,  and  are 
seemingly  more  closely  related  to  this  older  norite  intrusive.  Similar 
areas  of  diorite  rocks  occur  in  the  belt  of  older  hornblende  and  tufa- 
ceous  rocks,  which  crosses  the  third  and  fourth  concessions  of  Graham, 
to  the  south  of  the  granite  mass.  Deposits  of  pyrrhotite,  chalcopyrito, 
pyrite  and  oobaltiferous  arsenopyrite  are  known  to  occur  in  connection 
with  these  rooks,  but  they  are  not  at  present  of  economic  importence. 

In  the  field,  outorops  of  thei^e  older  norites,  are  pale-greenish,  in 
contrast  to  the  rlark-grayish  or  blaok  tones  of  the  main  mass  of  norite. 
They  are,  as  a  rule,  finer  in  grun,  eminently  diabaaic  in  texture  and 
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frequently  show  considenble  mBsses  of  diorite  pegmatite,  or  malchite, 
in  tbia  last  respect,  differing  from  the  ordinary  norite,  which  is 
remarkably  anifonn  in  grain  over  the  whole  area.  Under  the 
microscope,  they  contain  less  quartz,  and  the  homhlende  is  always 
«ctiDolite,  and  not  the  compact  variety  common  in  the  diorite  derived 
from  the  norite  of  the  main  mass. 

Fresh  representatives  of  this  apparently  older  norit«  are  comparatively  Fresh  repre- 
rare,  and  the  writer's  specimens,  selected  with  every  care,  at  widely  ^^'^^t^ 
separated  localities,  contain  only  two  specimens  in  which  the  pyroxenes  very  m«- 
are  sufiicieDtly  fresh  to  permit  of  their  identification,  and  even  in  the 
slides  from  these  specimens,  fay  far  the  greater  portion  of  the  original 
ferromagnesian  constituents,  are  represented  by  the  usual  secondary 
serpentine  And  actinolite. 

One  of  the  hand  speoimens  of  the  least  altered  phase  of  the  diorite,  pfesh  norite 
collected  near  the  eastern  extremity  of  the  band  of  greenstone,  between  ^J°™  'c^T'^ 
Whitefish  and  Simon  lakes,  is  a  pale  greenish,  medium-textured,  mas-  md  SiiooD 
sive  greenstone,  with  tittle  or  no  evidence  of  having  been  subjected  to  '"^^■ 
dynamic  metamorphism. 

The  thin  section  shows  a  hypers  tfaane-gabbro  or  norite,  the  greater  MicroscopitaJ 
portion  of  which  has  undergone  advanced  chemical  alteration  or  deoom-  cluraotor  of 
position.     For  the  most  part  it  is  now  made  up  of  plagioclase  and  a 
serpentine  cloeely  related,  if  not  identical  with  bastite.     The  latter 
mineral  is  very  evidently  secondary,  and  occupies  very  approximately 
the  same  position  as  the  original  biaiticate  material,  from  whose  altera-  Minenln^cal 
tion  it  has  resulted.     Occasionally,  limited  areas  show   the  original  'Jo^'P***"™'- 
pyroxenic   minerals,  in  various  stages  of    the  bastitic   alteration.     A 
faintly    pleochroio   hypersthene   or  eostatite  and    diallage  are    both 
present,  and  some  ot  the  individuals  or  grains  of  these  minerals  are, 
with  difficulty,  distinguishable  from  one  another.     Both  minerals  are  Ensutite  and 
very  nearly  colourless,  but  the  doable  refraction  of  the  hypersthene  is  ''■'^'"^ 
weak,  while  the  diallage,  on  the  contrary,  shows  brilliant  chromatic 
polarization.     Both  pyroxenes  show  a  faint,  though  distinct  pleoch- 
roism,  that  possessed  by  the  hypersthene  being  more  decided.     The 
index  of  refraction  of  the  hypersthene  is  somewhat  higher  than  that 
of  the  diallage,  while  the  latter  mineral  shows  frequent  polysynthetic 
twinning.     Both  pyroxenes,  however,    deoompose  to  the  smea  pale  peoompoai- 
greenish,  usually  fibrous,  but  occasionally  scaly  bastite,  often  exhibit-  p^xenes 
ing  brilliant   polarization   colours.     In  places,    this  bastite    is  being 
converted  into  a  pale  greenish,  feebly  pleochroic,   fibrous  hornblende 
or  Actioolite,  this   nralitization  being  especially   pronounced  in  the  Bwtite. 
vicinity  of  the  margins  of  the  individuals.  These  bastitic  areas  contain 
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very  namerona,  am&ll,  irregular  scales  Euid  plates  of  a  pile  browniBh, 
apparently  secondary  biolite,  and,  in  places,  are  crowded  with  smaJI 
grains  of  secondary  magnetite.     The  plagiocUee,  which  judging  from 

Paildlitic  the  extinction  angles  is  Jabradorite,  has  a  marked  poikilitic  develop- 
ment, this  mineral  extinguishing  simuttaneoualj  over  large  areas,  which 
in  the  thin  nection,  are  separated  either  partially  or  wholly  by  imer* 
vening  bisilicate  material.  This  poikilitic  effect  is  likewise  noticeable 
in  the  hand  specimen,  owing  to  the  uniform  reflection  of  light  from  the 
pUgioclase    individuals.     Comparatively   large,   irregular    grains    of 

TiUoiferouB     magnetite  probably  titaniferous,  are  also  distributed  tbroagh  the  rock, 

"""^"^  while  qaartz  occais,  filling  up  occasional   interspaces  between  the 

tabular  foi-ms  of  felspar. 

Freah  aonte         Another  specimen,  representing  a  very  fresh  variety  of  this  rock,  was 

from  Neelon.  obtained  from  a  small  hill,  west  of  a  lumber  road,  on  lot  11,  con.  V., 
uf  Neelon.  Dr.  Coleman  mentions  the  fact  that  a  specimen  of  this 
rock  from  the  hill  top  east  of  the  town  of  Sudbury,  is  '  a  typical  norite 

Norite  Mut  of  made  up  essentially  of  faintly  pleochroic  enstatite  or  hypersthene  and 

Sudbury.        plftgiocloee,  the  latter  somewhat  lath-ehaped.'  (') 

Mineralogical       -^  ''^ii>  section  from  a  specimen  obtained  from  the  larf^e  moss  of  this 
compoutioD  of  rock,  occurrins  to  the  southeast  of  the  Evans  mine,  shows  a  greatly 
•ontheut  al     altered  variety  of  this  norite.     The  original  pyroxene  minerals  are 
lane  mine.    ^jj^Uy  converted  into  an  aggregate  of  pale  greenish,  brilliantly  polar- 
izing scales  and  fibres  of  serpentine,  this,  in  turn,  being  converted,  in 
certain  instances,  to  actinotite.     Pale  coloured  biotite  is  abundant.    A 
small  amount  of  greenish-brown,  compact  hornblende  is  also  present. 
The  plagioclase,  with  the  pale  brownish  tints  so  common  in  these  rocks, 
occurs  in  rather  broad,  lath-shaped  or  tabular,  well-twinned  crystals, 
which  are,  as  a  rule,  quite  fresh.     Quartz  is  not  very  abundant,  and 
some  grains  are  intergrowo  with  plagioclase,  forming  the  characteristic 
granophyre.    The  iron  ore  is  ilmenite,  with  bordere  of  sphene.    Apatite 
is  abundant,  in  the  usual  slender,  prismatic  forms. 

Description  of  Another  thin  section,  taken  from  a  specimen  obtained  on  the  north 
hwmNiloi*  *•*"■  °^  '"*  ^^'  ^^-  ^■'  ***  ^"^^^^i  is "f^"  ""ore deoompoeed,  the pyrox- 
10,  oon.  v.,  ene  being  replaced  by  a  very  pale  yellowish-green  serpentine  and  acti- 
notite. All  the  iotermediate  stages  in  the  conversion  of  serpentine  to 
actinoliie  may  be  studied.  Much  of  the  felspar  is  quite  fresh  and  clear, 
with  a  pale  brownish  colour,  but  the  areas  of  this  mineral  have  been 
invaded,  to  a  considerable  extent,  by  small  fibres  and  ciystals  of  actino- 
lite.     A  little  oompsot,  brownish  hornblende  is  also  pre^nt     A  lai^e 

(1)  Aqd.  Bep.  Bur.  of  Minet,  Ont  1903,  p.  296. 


ib.  Google 


EIBSBB  71 

amouQl;  of  souiite  ocean    as  e,   aecondary  product   of  deoomposition. 
Ilmeuite,  l&rgely  altered  to  apheae,  and  ocoasional  grains  of  pyrrhotite 
and  chalcopyrit«  ar«  also  preaent,   while  quartz  occaaionally  occupies 
the  irregular  interapacee  between  the  plagioclaae  Uthe.     Another  spe- 
cimen, from  the  north  half  of  lot  4,  con.  VI.,  of  Neslon,  was  also  exam- 
ined nnder  the  microscope.    The  rock  may  boreferred  to,  at  present,  as  MineraJogicBJ 
a  nralitio  qnartz-diaba^e.     The  original  pyroxene  is  now  represented  altered  nDr[te 
by  pale  greenifh,  feebly  pleochroic  bastite  and  aotinolite,  much  of  the  '^y}.  '°**' 
plagioclaae  is  rather  clear  and  freah.butsome  has  undergone  ooosiderable  NaeloD. 
saussarittzation.    A  little  brownish  hornblende  la  present.    Spheae,  in 
irregular  grains,  with  black   opaque  cores  of  ilmeuite,    epidote  and 
zoisite,  are  the  principal  other  minerals  noticed. 

The  actinolite  diorite  and  schist,  with  which  the  deposits  at  the  other  altered 
Wortfaington,  Uitchener,  Totten  and  Mocdonell  or  Ueradorffite  mines  ^dOT^nOTito. 
are  associated,  are  evidently  highly  altered  forms  of  this  norite.  These 
deposits  poaaeaa  certain  peculiarities  in  common  with  one  another,  which 
distinguish  them  from  the  other  ore  bodies,  connected  with  the  mtun 
mass  of  the  norite.     Some  of  the  rock,  collected  at  the  Vermilion  mine 
is  possibly  of  the  same  type  and  age,  but  this  was  not  definitely  ascer- 
tMned.     As  is  evident  f  r^m  the  foregoing,  it  is  maDifeatty  difficult,  if  Difficult  in  all 
not  impossible,  in  all  cases,  to  decide  the  question  of  the  identity  of  ^i^niith 
every  individual  specimen  of  altered  norite,  or  even  the  various  separ-  norites. 
ated  masses,  but  in  a  broad  way,  these  two  norites  are  distinct  and 
separate  from  one  another,  and  the  criteria  already  mentioned  for  dis- 
tinguishing them  will  usually  be  found  sufficienL 


(3.)  Laubentuk  Qrahitb  and  DioBirE^NBiseEs. 

The  rocks  usually  cUsaified  sa  Laurentian,  comprise  a  series  of  fol-  L»„penti«ii 
iated,  eruptive  rooks,  mainly  of  granitic  and  dioritio  composition,  cross,  roclu,  where 
ing  the  southeaatern  corner  of  the  Sudbury  map,  in  the  townships  ot 
Dill  and  Neelon,  in  the  vicinity  of  the  Wanapitei  river.     These  rocks 
possess  a  well-oiarked  foliation,  this  structure  b^ng  determined  not  General 
only  by  the  alternation  of  lighter  and  darker  coloured  bonds,  but  also  deecnption. 
by  the  parallel  disposition  and  alignment  of  the  component  minerals. 
The  lighter  coloured  bands  are  usually  of  the  prevailing  flesh-red  tint,  characCer  ot 
and  are  made  up  largely  of  quartz  with  orthoclase,  microline  and  mi-  foliation- 
croperthite  as  the  felspathic  constituents,  and  these  minerals,  hither 
with  biotite  in  varying  amount,  make  up  the  bulk  of  the  rock.     The  ujnenloAickl 
darker  coloured  btuids  contain  less  quartz  and  very  abundant  mica,  oompoaitioH. 
with  oligoctase  as  the  principal  felspar.     The  biotite  Is  often  altered  to 
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ohlorite.  Husoorite  »ad  ziroon  are  often  praoent  in  iinall  Mnonnt. 
Garnet  ia  veiy  aband&nt,  of  the  preTsUiag  alnumdioe  vuiety,  and 
mnally  more  or  leas  roanded,  but  some  of  the  well  formed  mdividiutls 
show  the  faoes  of  the  rhombic  dodecahedron  and  icositetrahedroo. 
Perhaps  the  most  interesting  mmeml  ia  cyaaite,  which  ia  abundant  in 
oertain  portions  of  the  rock,  occurring  both  in  the  micaceous  and 
felspatbic  bands.  This  mineral  occurs  in  flat,  blade-like  crTStals,  with 
the  prevuling  bluish  and  whitish  colours.  In  the  micaceous  bands,  the 
colour  is  especially  deep,  and  of  a  beautiful  azure  tint,  somewhat 
nnerenl;  distributed  or  cloud-like  in  its  effect,  the  oolour  being  often 
deepest  in  the  centre  of  the  crystals,  gradually  becoming  colourless 
towards  the  margin.  These  crystals  are  arranged,  for  the  most  part, 
Sillinunite  on  parallel  to  the  foliation,  but  some  individuals  are  disposed  at  con- 
i^m^  siderable  angles  to  this  atmcbure.     Sillimanite  or  fibrolite  is  also  occa- 

sionally present,  especially  on    elickenaided  or  jointing  planee,  and 
shows  abundant  evidence  of  pressure  and  stretching.  These  gneisses  are 
Giieu8«  of       distinctly  of  eruptive  origin,  and  their  intrusion  through  the  quartzites 
^^q'_^^  and  other  clastic  rocks  is  everywhere  apparent,  where  the  line  of  Junc- 

tion is  so  exposed,  that  the  relationship  between  the  two  may  be 
examined  and  studied. 
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4.  Uppkh  Huronias  (1)  Cuanc  eockb. 

The  rocks,  thus  classified,  occupy  the  large  oval  area  situated 
immediately  northwest  of  the  main  belt  of  the  nickel  bearing  and 
kindred  emptives,  and  underlying  the  extensive  clay  plain,  which  has 
already  been  described  as  so  eminently  suitable  for  agricultural 
purposes.  As  a  result  of  the  first  geological  examination,  these  rocks 
were  regarded  by  Dr.  Bell  as  probably  of  Cambrian  age,  and  have 
thus  been  coloured  on  all  subsequent  geological  maps.  Their  precise 
'  geological  age  is  still  a  matter  of  doubt,  but  tha  later  work  seems  to 
indicate  a  close  relationnhip  both  in  origin  and  age,  with  the  main 
mosses  of  nurite  and  micropegmatite.  If,  as  seems  probable,  from  the 
work  already  accomplished,  these  several  separate  ranges  of  nickel 
bearing  norite  are,  in  reality,  the  exposed  portions  of  one  continuous 
laccolite,  with  occasional  minor  irregularities  or  ofl^te,  then,  as 
illastreted  by  Dr.  Coleman  (^),  these  youngest  clastic  rocks  of  the 
district  will,  no  doubt,  be  shown  to  occupy  a  synclinal  trough,  overlying 
this  deep  platter-shaped  sheet  of  intrusive  rock. 


(1)  Ann.  Rep.  Bur.  of  Mines,  Ont  1903,  (illartcatiou  63)  r).  2 
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TheM  Focks  extend  from  the  sonlhea^terii  part  of  the  township  of 
Trill,  to  within  a  few  milee  of  W&napitei  Uke,  the  area  being  thns 
Dearlj  tbirty-fiTe  mOee  in  length,  with  an  extreme  width  of  a  little 
over  eight  mileo. 

They  comprise,  at  the  baae,  certain  breccias  and  agglomerates,  most  Suooemion  of 
of  which,  at  least,  are  of  pyroolastic  origin,  these  rocks  passing  upward  °^''°  "*''"■ 
into  black   bitaminons  shales,  while  they  are,  in  turn,  overlaid  by  a 
otMnparatirely  coarse  greywacke  or  felspathic  sandstone. 

The  identJfioati(»i  of  the  breccia  at  the  base  of  this  series,  as  a  oon-  IdaotiG^stion 
Bolidated  volcanic  ash,  was  the  resnlt  of  microscopical  studies  undei^  Tolcuie  tChtu 
taken  by  the  late  Prof.  G.  H.  Williams,  of  material  furnished  him  by  ^^^^j^ 
Dr.  Bell.    The  important  fact  of  the  occurrence,  in  these  ancient  rocks,  WiUiami. 
of  a  volcanic  glass  breccia,  the  various  minute  details  of  structure 
being  so  exceptionally  preserved  through  ailicifi cation,  aa  to  permit  of 
its  positive  recognition,  has  always  been  a  matter  of  general  interest 
and  comment,  especially  amongst  those  geologists,  who  regarded  these 
earlier  periods  of  the  earth's  history  as  oharactericed  by  exceptional 
and  prolonged  explosive  volcanic  activity. 

A  description  of  this  comparatively  rare  type  of  rock,  waa  carefully  Dssoriptioa 
prepared  by  Frol  Williams,  and  communicated  to  a  meeting  of  the  ^ated  to 
Geological  Society  of  America,  held  on  December  Slst,  1890.     These  ^^'^ 
details  were  embodied  in  an  appendix  to  Dr.  Bell's  paper  on  the  nickel  Amenca. 
and   copper  deposits  of   this  district,  which   was  also  read   at   this 
meeting  {'). 

The  material  submitted  for  examination,  consisted  of  two  small  hand  specunens 
specimens,  collected  at  the  lowest  falls  on  the  Onaping  river,  in  the  f^o^  On&piiig 
towDshipof  Dowling.     Prof.  Williams'  description  (»)  is  so  complete 
and  satbfactory,  that  it  may  be  quoted  in  this  connection. 

'  In  a  hand  specimen,  this  rock  presents  a  nearly  black  felsitic  ma-  Genera] 
trii,  in    which  are  embedded  sharply  angular  or  slightly  rounded  frag-  y^j^'™ 
ments,  varying  from  1^  cm.  in  diameter,  downwards  to  ultra' microsco-  l"«ocik. 
pic  dimensions.    These  fragments  are  lighter  in  color  than  the  matrix, 
but  dtfTer  considerably  among  themselves  in  their  tint,  structure  and 
composition.     The  majority  resemble  chalcedony  in  appearance,  others 
are  greenish,  while  some  of  the  largest  fragments  are  now  replaced  by  a 
single  calcite  individual.     Occasional  small  grains  of  dear  vitreous 
quartz  may  also  be  detected,  while  specks  of  pyrrfaotite  are  everywhere 
abundant.     Many  of  the  angular  fragments  show  distinctly  under  the  Mu>y  Bngular 

"BBujulear 


(1)  Boll.  GeoL  Soc  Am.    Vol.  II.  1891.  pp.  126.137. 

(8)  Ann.  Rep.  GeoL  Snrr.  C»n.    Vol.  V,  1890-81,  Part  F,  pp.  7*76. 
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leoB  a  Sow  or  vesicalar  struotnre,  which  is  still  more  apparent  in  a  thin 
aoction  of  the  rook  when  seen  nnder  the  microacope.     The  fragmentsi 
even  down  to  those  of  the  smallest  dimensioDS,  have  the  angular  form 
characteristic  of  glass  sherds  produced  by  ezplosive  emptiona,  with 
Flowjtruc-      more  or  less  coarsely  vesicular  structure.     The  flow  structure  is  as 
perfectly  marked  by  sinuous  lines  of  globulites  and  microlitea  which 
terminate  abruptly  i^ptinat  the  broken  edge  of  the  glass  particle,  as  in 
the  most  recent  vitrophyre.     Minute  spots  of  pyrrhotite  are  scattered 
Chanater  of    throughout  the  section.     The  groundmass  is  of  a  dark  colour,  owing  to 
the  massing  in  it  of  minute  black  globulites,  to  whose  nature  tfae  high- 
est magnifying  power  gives  no  clue.     Between  crossed  nicols  it  is  seen 
to  be  made  up  largely  of  chalcedoaic  quartz,  which  has  changed  the 
AiruLgemant  e&silj  destructible  glass  into  a  sort  of  jasper.     Chlorite  is  also  abundant, 
frequently  arranged  as  a  border  of  radiating  scales  around   the  edges 
of  the  fragments,  so  as  to  coat  them  green  in  the  band  specimen.    The 
larger  grains  are  always  a  fine  mosaic  of  interlocking  quartz,  but  some 
Qnart^calciM  of  the  smaller  ones  are  composed  ot  a  unit  individual  of  clear  vitreous 
an       ipar,     quartz.     The  only  other  minerals  which  could  be  identified  in  the  sec- 
tion are  calcite  and  a  few  grains  of  a '  glassy  striated  felspar.     The 
presence   of  this  latter   mineral   is   very  noteworthy,  as   we  should 
expect  it  to  have  disappeared  during  the  vicissitudes  through  which 
this  rock  has  passed.' 
Ccnapodte  !>>  other  localities,  this  breccia  shows  a  greater  diversity  in  the  cha- 

fwnenU        racter  of  the  larger  fragments,  and  composite  rocks  made  up  largely  of 
quartz  and  felspar,  either  granite  or  recrystalliEcd  quartzite,  frequently 
occur.    Flagioclase  and  quartz,  usually  in  angular  or  subangular  pieces, 
are  very  often  represented,  while  epidote  and  hornblende,  also  men- 
tioned by   Dr.  Coleman,  are  likewise  present  in  the  thin  sections 
examined  by  the  writer. 
Silica  deter-        So  complete  chemical  analysis  has  yet  been  made  of  the  individual 
^HofftoMD  sp^cJoiens   examined  by   Prof.    Williams,  but  Dr,  Hoffinann  made  a 
silica  determination,  showing  it  to  contain  60.23  per  cent.  Dr.  T.  L- 
Chnnicsl         Walker  however,  has  made  an  analysis  of  a  specimen  of  this  breooia, 
Dr  ^'&lk^     ■>l>'><^°^  trom  the  north  shore  of  Whitson  lake,  with  the  following 
results:  (^). 


Si    0, 

59-93 

N.,0        3-80 

A1,0, 

1212 

K,  0        0-97 

Fe  0 

10-66 

Lofls  b7  ignition   1-67 

Mn  0 

trace 

C»  0 

4-49 

ToUU 98-63 

MgO 

6-19 

(1)  Quart.  Jour.  Ueol.  Soa  Lon.  Vol.  LIII,  1897  p.  45. 
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Vario.DS  sulphides,  chiefly  pyrite,  but  sometimea  &Iso  pjirhotite  and  Abundance  of 
chalcopyrite,  are  often  abund&nlly  disseminated  through  this  rock,  and  '   f  '  ^ 
not  a  few  mining  loc&tiona  hare  been  anrTeyed,  intended  to  cover  such 
deposits,  which  were  regarded  as  possible  mines.     One  of  the  most  pro- 
mising of  these,  visited  by  Mr.  Leroy,  was  situated  on  the  soath  half  of  Deposito 
lob  8,  coo.  IV.,  of  the  (owDship  of  Dowling,  and  the  specimens  secured  ^^_  Le^. 
were  handed  to  Dr.  Hoffmann  for  assay.     The  band  specimen  shows 
a  massive  pyrrhotite,  with  which  is  associated  a  little  chalcopyrite  and 
a  somewhat  lamer  proportion  of  gangae.    The  pyrrhotite,  when  freed  A^»  of 
from  the  chalcopyrite  and  gangue,   was  found  by  Mr.  F.  Q.  Wait  (' )  g^"^^^^ 
to  contain  p.26  per  cent,  of  nickel  with  a  trace  of  cobalt.  Resting  upon 
this  breccia  or  agglomerate,  are  certain  black  bituminous  shales,  often 
with  well  developed  slaty  cleavages.  This  rock  is  made  up  principally  Pmeoceof 
of  minute  fragmente  of  quartz,  with  intervening  scales  of  chlorite  and  mw^'j^ 
sericite,    and  abundantly    disseminated,  black,   opaque  particles    of  "hales, 
carbonaceous  or  bituminous  matter.     These  slates  sometimes  contain  Anthntxolite. 
fissures   occupied    by  anthraxolite   or    vein  anthracite,    and   a  large 
outcropping  of  such  material  in  the  township  of  Balfour,  occasioned 
considerable  excitement  some  years  aga     Samples  of*  the  surroundiiig  A^nm.niinf 
rock,  analyzed  by  Dr.  Ellis,  showed  6.8percentof  (»rbonin  the  3hale.(*)  aubonia 
The  highest  rocks  in  this  series  are  certain  gray  sandstones  and  shales, 
the  former   frequently   containing  concretions,   which  weather  more 
rapidly  than   the  matrix  in  which  they  are  enclosed.     Composite  QompoaitioD 
fragments  can  often  be  recognized  with  the  naked  eye,  and  the  rock  jlS^^J^"** 
then  assumes  the  chtu^cter  of  a  coarse  grit.     It  is  made  up,  principally 
of  angular  and  subangular  grains  of  quartz,  embedded  in  a  finer-grained 
base,  composed   of  felspar,  quartz,  chlorite   and    mica,     /iroon   and 
tourmaline  are  also  sometimes  present.     The  dark  colour  of  the  rock 
is  due   to  disseminations  of  innumerable,    fine  particles  of  opaque 
material,  especially  abundant  in  the  felspar,  and  which  are  probably 
ilmenite. 

(6.)  Post  Hubosiar. 

(a.)   aRANlTH. 

It   has  been  customary,  of  late  years,  to  speak  of  certain    areas  Younger 
of  acid  intrusives,   occurring  in  intimate   association    with   the  nic-  8'^'"*^ 
kel    bearing    eruptive,    as   the  '  younger    granites.'     Reference   has  ReUtioD 
already    been    made    to    their    strange    and    anomalous    behaviour  granite  and 
with  regard  to  the  sulphide  bearing  norite,  for  wherever  the  tine  "<^^ 
of  junction,   between  these  two  classes  of  rock,  has  been  examined,  it 

(1)  Ann.  Rep.  QeoL  Surv.  Con.  VtJ.  XIII  Part  R,  p.  3S. 

(2)  Add.  Kep.  Bur.  of  Minm,  Out.  1896  pp.  109-166. 
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prweate  »  series  of  apparentl;  conflicting  phenomeDA,  which,  in  the  pre- 
sent state  of  our  knowledge,  cuinot  be  sati^fsctorily  interpreted  or 
explained.  The  larger  proportion  of  the  evidenoe,  so  far  available,  seems 
decidedly  in  bvour  of  r^^rding  thew  granite  rocks  as  of  earlier  gene- 
ration than  the  norite  or  gabbro,  and  even  in  the  vicinity  of  the 
Crsighton  mine,  where  the  immediate  junction  is  characterized  b;  the 
presence  of  a  narrow  belt  of  intermediate  composition  between  the 
granite  or  norite,  Dr.  Coleman  states  that  '  on  the  whole,  however,  the 
impression  is  formed  that  the  granitoid  gneiss  is  older  than  the  gabbro, 
the  latter  sometimes  growing  finer  grained  at  the  edge  of  the  gneiss  ' 
f).  A  reasonable  explanation  of  the  contradictory  phenomena  wit- 
newed,  seems  to  be  closely  connect«d  with  the  manner  and  rate  of  cool- 
ing of  the  granite  bathylith.  lliis  immense  body  of  acid  eruptive,  as 
at  present  exposed  at  the  surface  by  denudation,  has  not  evidently  re- 
sulted from  the  consolidation  oE  a  body  of  magma,  the  product  of  one 
simple  aot  of  plntonic  activity,  but  is  rather  the  result,  locally  at  least, 
of  several  successive  fusions  and  re^ementat  ions,  before  the  whole  mass 
reached  its  final  or  present  oonditiou.  The  evidenoe  ot  such  succes- 
sive periods  of  tntmsion,  is  furnished  by  v.  study  of  the  granite  mass 
itself,  for  although  over  the  larger  part  of  the  area,  the  granite  is  re- 
markably uniform  in  structure  and  composition,  certain  localities  show 
rather  sudden  changes  in  these  respects,  with  occasionally  a  sharp  di- 
viding line,  thus  indicating  an  apparent  difference  in  age.  All  attempts, 
however,  to  trace  out  this  apparent  line  of  subdivision  in  detail,  over 
any  extent  of  country,  proved  futile,  and  the  conclusion  «as  reached, 
that  the  whole  mass  is  very  closely  synchronous,  and  that  no  appreci- 
able lapse  of  lime  in  a  geological  sense,  has  occurred  between  the  seve- 
ral dat«s,  represented  by  these  different  phases  of  the  granite.     The 

'  rate  of  cooling,  moreover,  was  extremely  slow,  much  more  so  in  fact 
than  the  norite,  so  that  it  is  possible  Lhat,  in  certain  instances,  some 
portions  may  have  been  sufficiently  cousolidated  to  permit  of  the  cool- 
ing against  it  of  the  norite,  while  in  areas  not  far  distant,  some  of  the 
latest  acid  secretions  of  the  granite  penetrated  and  altered  the  norite 
or  gabbro.  There  are  two  main  types  of  these  granites,  the  difference 
between  the  two  being  essentially  one  of  structure,  and  although  inter" 
mediate  varieties  between  the  two  extremes  are  known  to  occur,  such 
phases  are  relatively  unimportant  and  may  be  ignored  for  purposes  of 
genersl  description.     These  two  varieties  are  at  present  believed  to  be 

'  very  approximately,  at  least,  of  the  same  age.  One  type  of  rock  which 
occupies  by  far  the  largest  aros  of  any  of  these  acid  eniptives,  is  a  very 
decided  'augen'  or  porphyritic  granitite-gneiss.     In  places,  this  seems 

(1)  Ann.  Kep.  Bur.  of  Mioea,  Out,  1903,  p.  346. 
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to  pass  into  a  Gner-gnined  and  more  massive  type,  with  ill-defined  or  Transition 
no  foliation,  thus  raeembliag  the  second  variety,  the  type  of  which,  („„  tvpea  ol 
however,  forms  two  smaller  and  separated  bathyliths  occnrring  to  the  B^nite- 
northeast  of  the  main  mass. 

The  coarser  or  '  augen '  type  presents  such  a  strong  resemblance,  in  KeMmbUnoe 
every  respect,  to  certain  gneissoid  rocks,  occurring  in  the  Laurentian,  tl^^^f^ 
that  it  was  indicated  as  part  of  this  formation  in  the  first  geological  Laurantiui. 
map.     It  coostitntes  a  well  marked  bathylith,  intrusive  through  the 
older  green  aohist^  and  diorites,  which  it  has  greatly  disturbed  and 
altered,  forming  a  belt  to  the  south  of  the  main  mass  of  the  stdphide 
bearing  norite,  and  extendini;  from  the  second  lot  in  the  township  of  Outline  of 
Denison,  to  a  point  a  little  east  of  the  boundary  between  Snider  and  b^^^uth. 
McEim  townships,  near  the  C<^per  Cliff  mine.  The  mass  is  thus  about 
thirteen  miles  inlength,  with  an  average  width  varying  from  one  to  two 
miles.    It  forms  a  very  striking  and  beautiful  rock,  eminently  suitable  Suitable  for 
for  building  or  ornamental  purpcwes.     It  has  been  used  in  the  building  ^^^^t»l 
of  the  main  office  at  Copper  Cliff,  as  also  for  mantles  in  the  manager's  purpoaa- 
house  at  Victoria  lliines. 

Under  the  microscope,  the  thin  section  shows  the  rock  to  be  made  MicroBcopical 
up  chiefly  of  microoline,  orthoclase,  albite,  oligoclase,  biotite  and  ^*"^'?^'*"' 
quarts,  with  epidote,  sphene  and  apatite  as  accessory  minerals,  and 
calcite,  epidote,  zoisite,  sericite  and  chlorite  as  secondary  products  of 
decomposition.  The  orthoclase  and  microoline  sometimes  occur  free, 
but,  for  the  most  part,  are  intergrown  with  the  albite,  forming  both 
miorocline-and  orthoctase-microperthite.  The  quartz  is  the  nsusj 
granitic  variety,  frequently  showing  intense  strain  shadows  and  some, 
times  granulated  into  a  fine  interlocking  mosaic.  The  felspars  of  the 
rock,  although  like  the  quartz,  often  much  cracked,  broken  and 
gnmulated,  are  comparatively  fresh.  Reddish-brown  iron  oxide  has 
spread  through  the  cracks,  giving  a  cloudy  or  stained  appearance  to 
many  of  the  grains.  Much  of  the  oligoclase  has  undergone  considerable 
sauBsnritization,  the  resulting  products  being  epidote,  zoisite  and 
Bericit«.  It  is  asaatly  stained  a  deep  reddish-brown  colour.  The  biotite 
js  usnally  'bleached'  and  has  often  undergone  more  or  less  complete 
chloritization.  Sphene  and  epidote  are  often  embedded  in  the  biotite. 
Apatite  is  frequently  present  in  the  usual  acicular  prismK,  while 
occasionally,  a  little  calcite  was  noticed  in  thin  sections. 

The  '  augen '  are  usually  made  np  of  a  comparatively  coarse-grained  Composition 
aggr^ate  of  microperthite  or  microoline,  together  with  a  much  smaller  °''"''^''' 
proportion  of  quarts.  More  rarely,  it  is  a  single  crystal  of  felspar,  often 
a  Carlsbad  twin,  rarely,  however,  with  sharp  or  well  defined  boundaries. 
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Tn  the  vi'^nity  of  ths  Creighton  mine,  the  granite  of  the  main 
bsthylith  oomas  in  immediate  juxtaposition  with  the  nickel  bearing 
norite,  while  to  the  southwest  in  the  vicinity  of  thaQertrndemine,as  well 
H  to  the  northeast  from  the  Korth  Star  mine  and  bt^youd,  considerable 
areas  of  the  peculiar  granite  and  gretnstone  breccia  intervene  between 
the  two  rocks.  Aa  has  been  stated,  there  a  the  clearee(  evidence  at 
the  Creighton  mise,  of  considerable  reaction  between  the  granite  and 
norite,  the  former  being  often  tmpr^nated  for  a  considerable  distance 
from  the  contact  with  the  nickel  and  copper  bearing  sulphides,  while, 
in  addition,  oertain  portions  of  granite  are  unusually  basic,  presenting 
a  rock  of  intermediate  compoaitioa  between  the  granite  and  norite, 
with  deep  flesh-red  porphyritic  individuals,  often  Carlsbad  twins  of 
orthoclose,  microcline  or  micropertbite,  embedded  in  a  gronndmosa 
made  up  principally  of  biotite,  hornblende^  epidote  and  aphene,  the 
lattw  containing  black  opaque  cores,  preeumably  of  ilmeoite. 

The  finer  grained  variety  of  granite  is  characteristic  of  two  areaa. 
The  smaller  one  is  situated  immediately  east  of  the  Lady  Violet  mine, 
and  oztands  a  little  north  of  the  Manitonlin  and  Korth  Shore  rulway, 
on  the  boundary  between  McKim  and  Snider  townshipa.  It  covers  a 
considerable  portion  of  lot  1.,  Con.  IV.,  of  the  township  of  Snider. 

The  otherandlargerarea,  extends  from  the  main  line  of  the  Canadian 

Pacific  railway,  a  little  southeast  of  the  Murray  mine,  northenet  to 

within  a  quarter  of  a  mile  of  the  Little  Stobie  mine.  It  thne  oonstdtntes 

an  oval  area,  measuring  about  three  miles  in  leng^  and  averaging 

aboat  three  quarters  of  a  mile  in  width.    A  microeoopical  examination 

of  the  thin  section,  shows  an  aggregate  of  qnarbc,  orthoclose,  plagio. 

Micnwooiuol  claae,  biotite,  hornblende,  magnetite  and  zircon.  The  rock  has  evidently 

tion.    "^       been  subjected  to  great  crashing.  The  structure  is  by  no  means  uniform, 

but  larger  fragments  are  embedded  in  a  finer  grained  mosaic,  wbioh 

has  resulted,  in  great  part,  from  their  peripheral  granulation.     The 

magnetite  is  highly  titaniferous,  as  it  is  often  surrounded  by  borders 

of  leucoxene  or  the  more  normal  sphene.     Besides  these,  a  very  small 

SninlJ  are»  of   and  irregularly  shaped  area  crosses  the  Uanitoulin  and  North  Shore 

S^S^'^  railway,  immediately  east  of  Pump  lake,  on  lot  1,  con  IV.,  of  Snidet 

lake.  township.  It  has  a  general  resemblance  to  the  coarse  '  augen  '  variety. 

This  small  mass  measures  about  850  feet  long  and  from  ISO  to  fiOO 

feet  wide. 

SmUl  Lntru-         About  two  miles  west  of  the  Uurray  mine.  Walker   mentions   that 

nite  nortfiwert  ^^^  nickel  bearing  eruptive  is  cut  by  two  separate   intmsiona  of  flne- 

at  Mumy       grained,  pinkish,  biotlte-granite,  which  send  off  apophyses  into  the 

surrounding  greenstone.    The  wider  of  the  intmsiona  is  about   100 


TwomuJIer 


IlOCktioD  of 

fiDe-t[niiied 
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yards  broctd,  while  the  smaller  is  leu  than  60  yards.  The  microscope 
shows  th&t  quartz,  orthoolase,  ptagioclase  and  biotite,  are  the  chief 
coastituentfl.  Cotuiderable  areas,  in  the  vicinity  of  the  line  of  junction 
between  these  granites  and  the  older  greenstones,  (tre  cbaracteriied  by  ' 

the  presence  of  a  breccia,  made  op  of  an  extremely  intricate  intmsion  Breccia  of 
or  penetration  of  the  greenish  schistose  rocks  by  dylces  and   irregular  ^^  '°'^to 
masses  of  granitic  materia).     The  chief  alteration  noticed  in  connec- 
tion with  the  greenstone,  is  the  development  of  biotite  at   t^e  expense 
of  the  original  hornblende,  and  the  replacement  of  the  plagioclane  by  a 
fine  mosaic  of  secondary  pl^ioclase,  quartz  and  epidote,  the  rock  being 
thus  a  well  formed   mioa  or  biotite  schist.     Subsequent   differential 
movementa  have  occasioned  very  considerable  deformation,  and  some 
portions  of  the  resultant  rock  mass  represent  very  perfect  and  charac- 
teristic psendo-conglomerates.     Areas  of  these  breocias  are  often  big  Lontlon  of 
enongh  to  be  shown  on  maps  of  ordinarily  large  scale.     They  are  espe-  of  brecda. 
tially  notioeable  east  and  southeast  of  the  Gertrude  mine,  and  between 
this  and  the  Greighton  mine,  and  some  of  the  cuttings  of  the  lianitoii. 
Uq  and  North  Shore  railway,  between  these  two  mines,  have  been  made 
through  hills  of  this  breccia.     It  seems  to  occupy  a  lenticular  area,  in- 
tervening between  the  norite  and  the  granite,  the  widest  part  being  a 
little  over  three  quarters  of  a  mile,  while  the  length  from  northeast  to 
southwest  is  about  three  miles.     To  the  northeast,  in  the  vicinity    of 
the  North  Star  mine  and  beyond,  as  far  as  Clar&belle  lake,  connder-  Breccia  at 
able  areas  are  underlaid  by  this  breccia,   while  in  the  neighbourhood  Coppe?CTff 
of  the  Murray  mine,  they  are  especially  noticeable  and  well  developed,  """"es. 
The  manager's  house  at  Copper  Gli^  is  located  on  a  rocky  knoll,  made 
up  of  this  breccia,  and    a  comparatively  narrow  band  of  this  rock  ex- 
tends for  a  short  distance  in  a  southwesterly  direction. 

In  addition,  the  main  mass  of  the  jj^ranite  bathylitb  contains  frequent  indiuioa  of 
inclusions,  often  of  large  size,  of  these  older  greenstones  and  schists,  |^^f^^  ^ 
the  reason  for  their  presence  and  oooasiooal  abundance  being   readily 
explained  by  Dr.  Daly  as  due  to  '  stoping,'   as  he  terms   the    pheno-  Reason  for 
menon  of  the  detaching  of  portions  of  the  original  material  overlying  sreeiutoDe 
or  enclosing  a  bathylith,  and  the  inclusion  of  such  fragments  in  the  ''"Stu^tB- 
mass  of  the  original  magma.  (^) 

(I)  Anier.  Jour.  So.  VoL  XVI,  1903,  p.  108. 
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(S.)  Post  Hdbowlam. 

(b.)  SIOSIL   BBABIIta  BBDPTITK. 

Soon  &tter  th«  discovery  of  these  nickel  and  copper  depoeits, 
it  wu  remarked  that  all  of  the  rich  and  exteoaive  ore  bodies 
occurred  in  intimate  connection  with  certain  ba*io  eruptive  rockg, 
of  mediom  texture,  and  which  for  oonvenienoe  of  description,  and 
in  the  absence  of  more  precise  information,  were  usually  referred 
to  under  the  names  of  greenstoDe  and  diorite.  Hie  first  published 
microscopical  descriptions  were  all  in  substantial  agreement,  in 
regarding  the  prevailing  type  of  the  nickel  bearing  eruptive  as 
made  up  essentially  of  plagioclase  and  hornblende,  with  a  smaller  pro- 
portion of  biotite  and  quartz,  while  ilmenite  and  apatite,  with  v&riable 
quantities  of  pyrrhotite  and  chalcopyrite,  were  the  usual  accessory 
constitutenta.  The  ro:;k  was  therefore  regarded  aa  an  iotruBive  gabbro 
or  diabase,  which,  owing  to  subsequent  metamorphism,  had  its.pyrozenic 
oomponentB  changed  to  secondary  hornblende  or  uralite.  Rocks  quite 
like  these  had  been  studied  in  many  regions,  where  they  could  be 
traced  with  oertainty  into  basic  eruptives  of  normal  character,  and  it 
was  confidently  predicted  by  the  late  Prof.  G.  H.  Williams,  who  was 
the  fint  to  make  any  detailed  petrograpbical  examination  of  these 
rocks,  that  '  specimens  might  be  collected  at  some  of  these  localities 
which  would  establish  positively  both  the  original  form,  and  the 
course  of  alteration  of  the  present  specimens.'  (' ) 

Included  in  thesameauite  of  specimens  as  the  foregoing,  all  of  which 
bad  been  sent  by  Dr.  Bell  to  Prof.  Williams  for  identification  and 
description,  was  one,  which  bad  been  collected  near  the  Dominion  mine, 
in  the  township  of  Blezard,  but  which,  in  the  hurry  of  a  first  examina- 
tion, was  regarded  as  ooourring  in  the  form  of  a  dyke.  This  rock, 
the  exceptional  character  of  which  was  noted  at  the  time  by  Prof. 
Williams, and  which  wa4  described  as  a 'quartz-hypersthene-gabbro  with 
accessory  biotite '  {'),  was  in  reality  a  practically  unaltered  representa- 
tive of  the  nickel  bearing  eruptive,  although  its  identity  as  such,  was 
not  suspected  until  some  years  afterwards. 

All  of  these  fint  microscopical  determinations,  therefore,  showed  a 
normal  type  of  greenstone,  diEFering  in  no  essential  particular  from 
others  similarly  altered,  and  with  no  apparent  reason  for  the  develop- 
ment of  such  UDUBually  large  and  rich  deposits  of  sulphide  material. 
At  the  same  time,  the  field  and  prospectors  term  of  diorite  was  justi- 
fied, as  also  the  names  proposed  after  more  detailed  microscopical 
examination,  such  as  uralitic  or  gabbro-diorite,  uralitic  diabase,  etc. 
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It  ia  to  be  r^;r«tted,  therefore,  that  although  great  o&ra  was  exercised  iDi^uteof 
in  the  oollectioaof  these  first  or  type  specimenB,  at  tentioniras  directed,  git^oiged  first 
chiefly,  to  the  seleotioo  of  materiftl  in  immediate  association  with  the  ^!^™*""  *^ 
ore  bodies,  and  the  rocks  thus  obtained,  were  in  snch  advance'!  stages  &lt^«a. 
of  decomposition,  diat  no  very  definite  or  precise  information  wan  possi- 
ble in  regard  to  their  original  composition  or  true  aiSnities.     As  a 
conaeqence  of  this,  the  opinion  prevails  that  the  whole  of  the  ernptive 
in  the  Ticinity  of  these  nickel  deposits,  is  completely  altered,  whereas  Muny  fr«)i 
the  very  opposite  appears  to  be  the  caee,  and  moat  of  the  writer's  col-  '^^^^*r«i 
lection  of  fresh  and  unaltered  material  wae  obtained  in  the  immediate  '"™.  ^''^'"j^ 
vicinity  of  the  rarioas  mines.     In  tiiis  connection  it  may  be  remarked  I'ontAiiiing 
that  some  of  these  hand  specimens,  containing  as  much  as  from  A  to  1^,"^^^ "" ' 
10  per  cent  of  the  sulphides,  have  undergone  so  little  metamorphiam,  nwterial. 
as  to  permit  of  the  positive  identification  of  all  the  prevailing  minerals, 
including  hypersthene,  enstatite,  di&Uage,  olivine  and  labradorite. 

In  1892,  the  late  Baron  von  Foullon  published  the  first  determina-  Descriiitions 
tion  of  the  nickel  bearing  eruptive,  occurring  in  the  vicinity  of  the  ^i,"  v'^ 
Murray  mine,  showing  it  to  be  a  gabbro,  cloeely  related  to  the  norites,  and  Coleman. 
his  descriptions  being  prepared  after  a  study  of  material  oollected  at 
this  locaUty,  in  the  summer  of   189a     In   1893,  Dr.  A.  P.  Coleman 
identified  the  eruptive  of  the  Northern  Nickel  Range  as  a  gabbro  con- 
taining both  diallage  and  hypersthene. 

The  true  ngnifioanoe  of  these  discoveries  and  isolated  descriptions,  Fuller 
was  not,  however,  fully  appreciated,  until  the  appearance  o 
ker'a  results,    the  issuing  of  this  publication   marking  a  very  signal 
advance  in  our  knowledge,  regarding  the  origin  and  relationship  of  these 
sulphide  deposits  and  their  associated  rocks. 

The  nickel  bearing  eruptive,  characteristic  of  the  three  main  belts  or  xwo  divi 
ranges,  may,  for  purposes  of  description,  I 
sions. 

1.  A  basic  portion  : — Including  certain  gabbroid  rocks,  chiefly,  at 
least,  of  the  norite  facias,  with  their  derivative  diorites,  with  which  the 
nickel  and  copper  bearing  sulphides  are  immediately  associated. 

XL  An  acidic  portion  : — Comprising  large  areas  of  rock  of  granitic 
type,  with  well  marked  gueissoid  structure,  the  prevalence  and  abund- 
ance of  the  graphic  intergrowth  of  th&  quartz  and  felspar,  known  as 
granophyre  or  micropegmatite,  having  suggested  the  name  '  micropegms' 
tite,'  by  which  this  rock  is  now  generally  known. 

The  least  altered  phase  of  the  basic  portion  of  the  eruptive  is  repre-  Nuna  for 
eented  by  what  may  be  referred  to  as  '  norite'.     The  rock  ia  some-  ^ptiv^""^ 
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titnea  called  a  '  qturts-byp«nthene-gabbro ',  but  for  general  purpOMa 
the  former  name  is  preferred. 
Erapcive  ef  The  microscopical  examinalioii  sbowa  the  rock  to  be  an  eruptive  of 

iateMt,  rather  ezoeptional  character  and  interest.     It  belongs  to  the  general 

family  of  gabbros,  but  with  distinct  traces,  and,  at  times,  well  marked 
diabasio  or  ophitic  structure.    The  prevalence  and  usual  preponderance 
Fr«M«ice  of      „{  bfperstheno  or  enstatite,  show  its  close  affinity  with  the  norites,  while 
qoaitzaiid       it  contains,  what  is  very  exceptional  for  such  a  rock  type,  an  abund- 
ypunthene.    ^^^  ^^  original  quartz.     In  fact,  many  specimens  could  be  secured, 
which  contain  nearly  as  much  quarti  as  an  ordinary  hornblende  gra- 
nite.    In  some  instances,  noticeably  at  the  Qopper  Cliff  mines,  a  large 
Gmnophyre.    quantity  of  micropegmatite  or  granophyre  is  present,  the  felspathic  con- 
stituent of  this  graphic  iatergrowth  beingusually  plagioclase.  Exposures 
show  a  massive,  medium  to  coarse-grained,  dark-grayish,  greenish-gray 
or  brownish  rook,  which  is  often  almost  black  in  color  on  freshly  broken 
Biotitoknd      Burfaces.     Scales  oi  deep   brown  biotice    are    usually    conspicuous, 
quucz  while  the  quartz  is  perhaps  equally  so,  in  very  characteristic  sapphire- 

blue  or  purplish  grains,  the  color  which  is  often  seen  in  the  phenocryats 
of  quartz-porphyries. 
Norite  d«»ni-      These  rocka  do  not  offer  any  very  effectual  resistance  to  processes  of 
powa  rekdily.  dooomposition  and  erosion,  and,  as  a  consequence,  the  area  characterized 
by  their  presence  is,  generally,  one  of  low  relief. 

Spheroidal  Spheroidal  weathering  is  characteristic,  but  not  so  pronounced  aa  in 

wOTtbering.     ji^^  ^^^^^  ^f  the  later  dykes  of  the  olivinfrdiabase. 

DavBlopment       The  orthorhombic  pyroxene,  either  hypei-athene  or  enstatite,  shows  a 

theiufand       distinct  approach  to  perfection  of  crystallographic  outline,  and,  in  many 

enntaiite.         casefl  was  the  first  of  the  essential   minerals  to  form.     In  occasional 

instance',  the  hypersthene  is  unaccompanied  by  a  monoclinic  pyroxene, 

as  in  some  of  the  specimens  collected  in  the  vicinity  of  the  Blezard 

mine.     It  is  often,  by  far,  the  most  abundant  of  the  coloured  constL 

(uenta,  as  at  the  Murray  mine,  where  the  diallage  is  only  occasionally 

represented,  while  almost  the  whole  rock  mass  is  made  up  of  hypers- 

thene,  in  various   stages  of  decomposition,  the   small  and  infrequent 

interspaces  beiug  occupied  by  plagioclase.  The  hypers thene  is,  as  a  rule, 

rather  faintly  pleochroic,  although  specimens  from  the  vicinity  of  the 

Blezard  minn,  aodfrom  a  railway  cutting  about  one  mile  and  a  half  north. 

west  of  the  Murray  mine,  are  very  strongly  pleochroic,  rose  red  to  pale 

AlteiBtioD  at   yellow  fiiah-green.    The  enstatite  is  also  colourless  in  thin  section,  and,in 

pyroxene  contradistinction  to  the  hyperathene,  exhibits  little  or  no  pleochroism. 

Both  the  hypersthene  and  the  enstatite  are  very  liable  to  decomposition, 

ao  that,  in  moat  cases,  areas  of  this  mineral,  are  replaced  by  an  aggregate 
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of  lighb-gr«en,  non-pl«ochroic,  brillumtlj  polkrizing,  fibrous  or  acftly  eer- 
pentine  (bosbite).  This  alter&tioa  ia  often  ftooomp&nied  by  th«  separation 
of  minate  grains  of  magnetite.  IamoBtoaaea,eventbefrashiDdividnais 
of  bypentbeue  are  bordered  hj  a  compact,  strong;  pleocbroic,  green 
hornblende  which  ia  doubtless  an  original  ocmatitneot.    This  primary  preeenoe  of 
hornblende,  likewise,  forma  boidera  on  areas  showing  the  complete  ^^'i^^!^ 
bastitic  alteration.     Id  addition  to  this,  there  ia  nndoabted  secondary  bornblNide, 
hornblende  leaelting  from   the  alteration,  first,    of   the    bastite  into 
aotinolite,  and  this  in  turn,  to  the  ordinary  type  of  green  hornblende. 

The  moDOolinio  pyroxene,  which  is  usnally  present  in  subordinate  Dia]]^—. 
amount,  is  likewise  frequently  bordered  by  primary  hornblende,  and 
thua,  the  indiriduals  of  these  two  pyroxenea  cannot  be  distinguished 
from  one  another,  in  specimens  which  have  undergone  any  advanced 
decomposition.  Sometimes,  both  pyroxenes  show  the  presence  of  the 
characteristic,  minute,  tabular  interpositions  or  sohilleriiation  products 
but,  as  a  rule,  these  are  absent.  ^ 

The  diallftge  is  distingniahed  from  the  ortborhombic  pyroxene  cbiefiy  jjeao,  of 
by  the  absence  of  pleochroiBm,  its  inclined  extinction,  and  frequent  ^"tinguishing 
polysynthetic  twinning,  while  it  usually  shows  a  lower  index  of  pyroxenea 
refraction  with  higher  double  refraction.   Olivine  is  present  in   small  olivine  ruviy 
amount  in  the  norite  obtained  from  the  Little  Stobie  mine,  but  most  pment. 
of  it  is  altered  to  an  aggregate  of  deep  coloured  scaly  serpentine,  talc 
and  magnetite.     Biotite  is  an  almost  invariable  oonaituent  and  is 
usually  ratber  abundant,  in  large  plates  and  is  undoubtedly  of  primary 
origin.  The  plagiodaae  ia  usually  in  broadly  twinned,  stout,  lath-shaped 
or  tabular  crystals,  whose  frequent  interlacing  arrangeoaent  produces 
the  characteristic,  rude,  ophitic  structure.     Separations  by  means  of  SeparatiooB 
Thonlet'a  heavy  Bolntaon,    as    well  as  the  extinction  angles,  show  that  ^^'^ '"'"'■ 
this  plagioclase  is  labradorite.     The  presence  of  innumerable,  brown, 
dust  liks  inclusions,  presumably  of  ilmenite,  gives  to  the  felspar  its 
prevailing  dark  colour. 

Quartz  and  occasionally  granophyre   fills  most  of  the  irregular  o^rti  uid 
interspaces  between  the  other  constituents,  although,  in  the  norite  KTBDophfn. 
from  the  Creighton  mine,   microcline  almost  invariably  accompanies  ujcrocline  at 
this  interstitial  quartz.     Apatite,   magnetite,  which  is  usually  highly  Creighton 
titaniferous,  zircon  and  grains  of  pyrite,  pyrrhotite  and  chalcopyrite 
are  almost  always  present.     These  sulphides  are  distinctly  of  primary  primary 
origin,  and  were  among  the  earliest  of  the  minerals  to  crystallize  from  !^]^"ygg 
the  original  magma,  antedating  even  the  magnetite,  in  some  cases,  fcr 
grains  of  pyrrhotite  were  noticed  completely  enclosed  by  the  iron  ore. 
The  sulphides  occur,  for  the  meet  part,  intimately  associated  with,  and 
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freqaently  embedded  in  the  coloured  oonHtitaents,  in  much  the  EMune 
if%y  u  the  magnetite,  from  which  they  OKn  only  be  diBtinguished  by 
the  difference  in  oolonr  in  reflected  lighL  The  pyrrhotite  and 
oh«loopyrite  «re  often  very  intimately  oesooiated,  so  that  they  are 
extremely  difficult  of  separation,  even  the  imallest  grains  showing 
intimate  intergrowtbs  of  these  ininer»ts  with  one  another.  Theae 
sulphides  frequently  occur  in  those  portions  of  the  nortte  which  have 
suffered  so  little  from  dynamic  metamorphiam,  ttiat  only  an  occasional 
dislooatioD  of  a  plagioclase  crystal  is  noticed,  while  the  same  exposures 
have  been  so  little  afiaoted  by  hydrochemical  agencies,  that  such  readily 
alterable  minerals  as  byperathene,  enstatite,  olivine  and  diallage  are 
still  plainly  reoogmzable  in  such  specimens.  The  sulphide  material,  in 
anch  cases,  is  often  not  sabordinate  in  amount,  but  is  eo  abundantly 
disseminated  as  to  characterize  the  rock,  and  justify  the  name  of 
■pyrrhotite-norite'  which  is  sometimes  applied  to  it. 

Although  a  considerable  number  of  speoimens  were  secured,  repre- 
sentative of  the  comparatively  unaltered  norite,  by  far  the  larger 
proportion  of  the  material  collected  consisted  of  a  massive,  usually 
Goarse  gabbro-diorite  in  various  stages  of  alteration.  Very  few  of  theae 
show  even  traces  of  dynamic  metamorphism,  and,  as  a  rule,  the  ophitic 
stmcture,  produced  mainly  by  the  interlacing  arrangement  of  the 
plagioolaae  crystals,  is  quite  undisturbed.  The  alteration  is  mainly  due 
to  hydrochemical  agencies,  and  affecte  the  pyroxenio  minerals,  deoom' 
posing  these  to  a  pale,  yellowish-green  serpentiue,  sometimes  of  the 
ordinary  type,  but  usually  of  the  bastite  variety.  Actinolite  also  results 
from  the  alteration  of  the  pyroxenes.  The  compact  borders  of  primary 
hornblende  often  surrounding  the  original  pyroxenee,  are  evidently 
made  up  of  much  more  stable  material,  bot  having  been  affected  by 
any  of  these  changes.  The  areas  formerly  occupied  by  the  pyroxene 
are,  therefore,  replaced  by  bastite  or  actinolite,  the  hornblende  borders 
remaining  unaffected,  the  individuals  thus  decomposed  being  referred 

Q  to  as  uralite.  No  distinction  can  be  drawn  between  grains  which 
represent  hypersthene  or  diallage,  as  both  of  these  minerals  apparently 
decompose  to  closely  related,  if  not  identical  material.  The  labradorite 
ia  usually  quite  fresh,  in  tabular  or  broad  blade-like  forms,  with  a 
brownish  colour  of  varying  shades,  which  is  so  prevalent  in  the  norites. 
Occasionally  it  shows  incipient  deoompoaition  to  the  usual  sausauri tic 

■  products,  mainly  sericite,  but  also  epidote  and  zoieite.  Bio tite  is  always 
present  and  conspicuous  in  large  plates  with  strong  pleochroism.  It  is 
sometimes  intergrown  with  the  hornblende  and  has  also  undergone 

*  considerable  'bleaching'.  It  usually  contains  comparatively  large, 
irregular  grains  of  magnetite.  Quartz  ia  always  present,  and  sometimes 
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Abundant,  filling  up  tlm  irregular  interBpacea  between  tbe  other  consti- 
tnenta,  Highly  titaniferous  magnetite  and  apatite  ore  also  always 
present,  but  in  small  amonnt,  while  the  pyrrfaotite  and  cbalcopyrite 
vary  in  amount,  from  ocoasionally  disseminated  grains,  to  snch  quantities 
as  ensure  the  use  of  the  mass  m  an  ore  of  niokel  and  copper. 

In  addition  to  the  norite  and  diorite,  a  more  acid  rock  of  granitic  ^^^^  portion 
composition  and  prevailing  gneissoid  structure  occurs,  which  cannot  be  ^'"CKel 
separated  genetically  from  the  more  basic  portion  with  which  the  eruptive 
sulphides  are  more  directly  associated.     This  rock  haa  usually  been 
referred  to  as  '  micropegmatite '  a  name  first  suggested  by  the  late  Prof'  Mioropegma- 
G.  H.  Williams.  (  )     There  is  no  sharp  line  of  demarcation  between  ^'^ 
the  acidic  and  basic  portions  of  the  nickel  bearing  eruptive,  but  the 
change,  though  gradual,  is  usually  sharp  enough  to  enable  a  boundary  x'titeoae  of 
to  be  placed  between  these  two  types,  with  tolerable  aocnracy.     Out-  '^rp  line  of 
crops  of  this  rock  are  evenly  banded  or  foliated,  with  a  distinct  strike 
and  dip,  usually  porphyritic,  weather  a  pale  reddish  or  grayish  colour  q--._i 
and  are  frequently  intersected  by  irregular  and  often  intricate  vein-  cWacten  of 
like,  masses  of  qnartz,  evidently  of  pegmatitic  origin.  On  freshly  exposed  mttStT* 
surfaces,  the  rosk  is  usually  dark  coloured,  with  abundantly    disse- 
minated, small,  reddish  or  yellowish  phenocrysts  of  felspar.  Orthoclase  Mj,a,)goopie»l 
is    often   present   in   considerable  amount,  and,  towards    the  outer  detortiiiQition 
edge  of  the  mass,  is  the  predominant  felspathiu  constituent,  but  plagio-  uHiBtituenis. 
clase  (oligoclaae  or  oligoctase-andesine)  is  naually  more  or  less  abundant. 
M it; roper thite  and  microclioe  are  also  often  present,  but  in  subordinate 
amount.    Much  of  the  febpar  is  somewhat  turbid  owing  to  decomposi- 
tion.    Biotite   is   the   prevailing  ferromagnesian  mineral   and    much 
of  it  is  'bleached'   and   altered  to   chlorite.    It  is  usually  in  small 
irregular,  tattered  scales  and  plates,  arranged  in  narrow,  approximately 
parallel  bands,  gently  curving  around  and  among  the  larger  pheno- 
crysts of   felspar.     The  abundance  of   the  biotite,  and  ite  frequent 
alteration  U>  chlorite,  give  the  prevailing  dark  colour  to  the  rock  on  Traiuition 
fresh  surfaces.     The  transition  type  between  the  micropegmatite  and  ^rf^  between 
tbe  norite,  shows  a  varying  proportion  of  hornblende,  which  mineral,  as  tite  uid 
a  general  rule,  diminishes  in  amount  in  passing  outward  from  the  '"'"   ' 
norite,  although  certain  bands  of  relatively  greater  basicity  show  an 
appreciable  amount  of   this  mineral,  even  at  a  conniderable  distance 
from  the  line  of  junction.     One  of  the  meet  noteworthy  points,  in  con' 
nection  with  this  gneissoid  rock,  is  the  prevalence  and  abundant  deva-  pp^^.^jence 
lopment  of  micropegmatite  or  granopbyre,  and  also  the  fact  that  »■<).  character 
plagioclose  and  qnartz  are  most  frequently  the  component  minerals  gruiopbym 

(1}Ann.  Rep.  GeoL  Surv.  Can.  Vol  V,  1890-91,  Part.  F.  p.  78. 
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formiog  this  graphic  intergrowth.  The  micropegmatit«,  tc^ther  with 
the  bitdlioBte  materul,  chiefly  biotite  or  chlorite,  and  sometimes  horn- 
blende and  acceoeory  epidote,  ilmenite  and  sphene,  form  a  groundmaaa, 
in  which  the  comparative!}'  lai^  pheaocryatfi  of  felspar,  chiefly  plagio- 
clase,  but  sometimes  also  orthoclase  and  microperthite,  are  embedded, 
The  granophyre  or  micropegmatite  very  often  stretches  out,  in  vartoua 
directions  from  a  central  portion  or  body,  made  up  of  well  twinned 
and  rather  sharply  bounded  crystals  of  plagioclane.  The  effect  of 
pressure  is  very  noticeable  in  all  the  thin  eoctiona,  not  only  in  the 
strain^shadowa,  bnt  also  in  the  dislocation  of  the  felspar  individuals, 
and  the  abundant  development  of   the  fine  interstitial  quartz  and 

On  the  first  geological  map,  this  micropegmatite  was  included  with, 
and  coloured  as,  a  part  of  the  Latirentian,  the  reddish  oolour,  gneisaio 
atmctare,  and  general  behaviour,  being  the  main  factors  which  deter- 
mined this  classification. 
Chemical  The  variation  in  the  chemical  composition,  marking  the  transition 

tn^itioDiJ  ^'^"^  ^^^  norite  bo  the  micropegmatite,  ui  well  illustrated  by  a  series  of 
types  between  aaalyses  made  by  Dr.  T.  L.  Walker  (<)  from  specimens  obtained  along 
titeand  noriM  the  Blemrd  mine  crossing.  The  apecimeos  range  from  south  to  north, 
by  Walker,      f^^  j  j^  y     j^^alysis  No.  IV  is  by  Mr.  C.  B.  Fox,  M.  A. 
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separate  belta 


According  to  the  present  state  of  our  knowledge,  there  are  three 
main  belta  of  norite,  with  which  workable  deposits  of  the  various  sul- 
phides carrying  nickel  and  copper  occur.  TJnIil  recently,  these  were 
believed  to  be  entirely  distinct  and  separated,  but  the  Ut«r,  more 
detailed  geological  ezaminalions  are  tending  to  prove  that  these  are 

{1)  Quart.  Joat.  Geol.  Soc  Lon.  VoL  LIII,  February,  1897,  p.  6B. 
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all  portions  of  a  geological  unit,  and  all  referable  to  one  coatinuoas 
moss.  They  have  always  been  regarded  as  esaentially  the  same  in 
origin  and  mineralogical  composition  and  approximately,  at  least,  of 
the  same  geological  age.  Two  of  these  belts  are  not  included  on  the 
accompanying  map  sheets  and  so  far,  none  of  the  deposits  occurring  in 
association  with  them,  have  ever  been  operated  as  mines,  prodttoing  ore 
for  shipping  and  smelting  purposes. 

The   most  northerly    of   these   bands   known  as   the    '  Northern  outlioea  of 
Nickel  Range '   sUrts   from  the   old  Floss   mine  (W.  E.  5),  near  the  JJ°Jj^f^„ 
line,  between  lots  5  and  6,  on  the  line  between  con'e.  Ill  and  IV.,  of 
the   township  of  Foy,   and   extends   in  an  east-southeast   direction 
through  the  township  of  Bowell,  where  on  lot  6,  con.  II.,  it  branches. 
One  oSset  runs  southeast,  into  the  townships  of  Lumsden  and  Morgan, 
where  its  limits  have  not  been  definitely  ascertained.    The  main  band, 
however,  runs  to  the  east,  cutting  across  the  township  of  Wisaner,  and 
crosses  the   Vermilion    river,   immediately    north  of  Bronson    lake. 
Trending  still  more  to  the  north,  it  connects  with   the  large  area  of 
basic  rocks,  occurring   to  the  west  of  Wanapitei  lake.     This  mass 
extends,  for  the  most  part,  in  a  southerly  direction,  and,  as  far  as  at  pre- 
sent ascertained,  is  buried  beneath  the  sand  and  gravel  plains  of  the 
eastern  part  of  Oarson  and  the  western  portion  of  Falconbridge.  It  is,  Probability  of 
as  yet,  a  matter  of  conjecture,  whether  this  mass  is  continuous  with  ^"ta  traeath 
the  southern  or  main  belt  of  the  noribe,  which  to  the  east  of  lot  3,  in  the  drift  i!Mt 
con.  III.,  of  Garson,  is  likewise   covered  up  by    the  heavy  mantle  of 
drift.     It  is   probable,    however,    that  this   main    belt  is  continuous 
beneath  the  drift,  aa  far,  at  least,  as  the  outcrops  of  norite  occurring  on 
cons.  IV  and  V.,  of  Falconbridge.     It  may  be  possible,  with  the  assis- 
tance of  delicate  magnetic   instruments,  to  trace  oat  this  connection, 
but  this  work  will    be  difficult  and   tedious,  on  account  of  the  great  Diffloultiea  of 
accumulation  of  drift  material,  which  is  sometimes  over  100  feet  in  treeing  bale 
depth. 

A  second  important  .b&nd  of  norite  occupies  an  approximately  inter-  Levock 
mediate  position  between  the  other  two,  and  so  may  be  referred  to  as  Nickel  Range, 
the  '  Middle  Nickel  Range,'  although  it  is  likewise  known   as  the 
'  Levack  Nickel  Range,'  while  Walker   refers  to  it  under  the  name  of 
the  '  Windy  lake  eruptive.'     According  to  present  information,  this 
band  starts  about  lot  12,  con.  III.,  of  the  township  of  Trill,  extends  Outlines. 
north  and  northeast  through  this  township  into  Gascaden,  and  crossing 
under  Windy  lake,  goes  ou   uninterruptedly   through  the  northwest 
comer  of  Dowllng,  to  lot  2,  con.  IV.,  of  Levack  township.     Little  in- 
formation is  available  in   regard  to  the  geology  of  the  intervening 
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AbKtiee  of      Btratch  of  country,  between  this  point  and  the  Rosa  mine,  and  it  is  pos- 

^  ■In'  sibLa  that  this  gap  may  be  filled  in,  by  extending  this  norite  range  still 

between  further  to  the  northeast.  The  area  to  the  east  and  southeast  is  known 

•nd  Levack      to  be  oocnpied  by  the  acid  difiereiitiat«  of  the  norite,  (micropegmatite) 

toirni  ip.        ^  ^^|.  ^  connection  between  the  Levack  and  the  Northern  Nickel 

Range,  is  well  within  the  limits  of  poeaibility.     To  the  southwest,  the 

Levaok  Range  reached  within  two  miles  of  the  old  Snltana  and  Triila- 

belle  nickel  mines,  so  that,  in  this  direction  also,  a  connection  may  be 

Probable         made  with  the  southern  or  main  belt  of  the  norite.     The   celebrated 

with  Main       Levack  nickel  deposits  are  developed  along  the  northern  contact  of 

Nickel  Kang«.  this  band  with  the  granitite-gaeiss  included  as  Laurentiao. 

By  far  die  largest  and  most  important  band  of  norite,  however  U 
what  is  known  as  the  '  Soothorn  or  Main  Nickel  Range ',  a  portion  of 
which  has  been  dewribed  by  Dr.  Walker  under  the  name  of  the  'Whit- 
son  lake  eruptive'.  lu  southeastern  limit,  in  all  probability,  conaista 
of  a  comparatively  narrow  band  of  basic  eruptive  material,  croasing  the 
southern  portion  of  Trill,  and  extending  thence  into  the  northeastern 
part  of  Drury  township.  Its  possible  connection  in  this  direction  with 
the  Middle  or  Levack  Nickel  Range,  has  already  been  discussed.  From 
Drury,  the  band  of  norite  extends  eastward,  crossing  the  Bontbern 
half  of  lot  1 2,  con.  V.,  of  Denison.  From  this  point,  it  has  been  traced 
continuously,  in  a  northeast  direction,  for  a  distance  of  about  thirty-five 
miles,  as  far  as  lot  3,  con.  III.,  of  Garson,  where  the  exposures  pass 
under  the  extensive  aconmulation  of  drift  material.  At  the  Victoria 
mines,  the  basic  portion  of  the  intrusive  is  rather  less  than  a  mile  in 
width,  but  at  the  crossing  of  the  Vermilion  river,  this  width  is  increased 
to  one  mile  and  three  quarters,  while  in  the  vicinity  of  the  Creigbton 
mine,  the  norite  is  a  little  over  two  miles  wide.  Through  the  townahipa 
of  Snider,  McKim  and  Blezard,  the  width  of  thn  norite  is  fairly  uni- 
form, averaging  about  one  mile  and  a  half  gradually  becoming  narrower 
until  Garson  township  is  reached,  where  the  basic  portion  of  the  nickel 
bearing  eruptive,  is  scarcely  half  a  mile  in  width. 

On  lot  2,  con.  IV.,  of  the  township  of  Snider,  this  main  belt  of 
norite  sends  off  a  narrow,  dyke-like  extension  or  oSset,  in  a  south- 
easterly direction,  on  which  are  situated  moat  of  the  mines  of  the 
Canadian  Copper  Company,  at  Copper  Cliff.  This  band  runs  across 
the  northeast  end  of  Clarabelle  lake,  and  crossing  Lady  Macdonald 
lake,  it  runs  with  unbroken  continuity  as  far  as  No.  2  mine,  where 
its  further  extension  southward  is  covered  up  with  drift.  Mine  No. 
2,  with  its  extensions  to  the  north,  mines  Nos.  4,  5  and  6,  are  all 
tmmediately  associated  with  this  narrow,  dyke-like  form,  while  the 


Location  of 
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Lftdy  Violet  mine  ia  located  at  the  eastern  junction  of  the  norite  with 
the  granite,  a  Bhort  distance  northeaat  of  the  point  where  it  joins  the 


It  is  annecessaiy  to  furnish  similar  details  of  the  distribution  of  the  Unneceisarf 
micropegmatite  or  acid  portion  of  the  nickel  bearing  eruptive,  but  the  qj  ^n^it^ticm 
area  underlaid  by  this  rock,  ie  considerably  in  excess  of  the  basic  per-  °^  n'icropee- 
tion,  as  shown  on  the  map. 

The  famous  old  Copper  Cliff  mine  is  a  veritable  chimney  of  ore^  Charact«E  and 
occurring  in  connection  with  an  isolated  etock  of  norite,  which  comes  Copper  Cliff 
in  contact  with  felspathic  quartzites  and  green  schist.     The  openings  iQi^^- 
in  the  vicinity  of  the  Ontario  Smelting  Works  belong  to  three  sepa- 
rate masses  of  norite,  which  are  surrounded  by    banded    tuffs   and 
qnartzite.     It  is  difficult  to  obtain   n^imens  from  the  small  area 
of  norite  on  which  the  Evans  mine  is  situated,  sufficiently  free  from 
the  sulphide  material,  for  purposes  of  examination. 

The  Little  Stobie  mine,   I>ominion,  Davis  property,  Kirkwood  and  (ienerul 
Cryderman  mines,  are  situated  on  the  borders  of  the  m*'"  belt  of  ^^^"J^ljJ^" 
norite  with  green  schist.     The  Stobie  and  Frood  mines  occur  in  ooa-  mines. 
junction  with  comparatively  small  stocks  or  areas  of  norite,  which  are 
separated  from  one  another.     The  Elsie  mine  occurs  at  the  junctioo 
between  norite,  on  the  one  hand,  and  green  schist  and  hornblende  por- 
phyrite,  on  the  other.     The  Murray  mine  occurs  at  the  junction  bet- 
ween the  granite  and  greenstone  breccias  and  green  schists  on  the 
one  hand,  and  the  main  band  of  norite  on  the  other  ;  while  the  old 
Cameron  mine,  farther  to  the  northeast,  i^  found  at  ihe  junction  bet- 
ween the  granite  and  the  norite.     The  North  Star  and  Oreigbton 
mines  occur  at  the  junction  between  the  granite  and  the  norite. 

The  various  openings  known  as  the  Uertrude  mine,  are  located  along 
the  junction  between  the  main  band  of  norite,  and  a  breccia  made  up 
of  the  granite  intrusive  through  the  older  greenstone  and  schists.  The 
main  shaft  of  the  Victoria  mines  is  at  the  end  of  a  small  oSset^  con-  All  deixuita  at 
neoted  with  the  main  mass  at  the  junction  between  the  norite  and  t^e  lioe^/t^irtact 
older  green  schists.     Without  exception,  all  of  these  immense  bodies  of  "^  the  nonte 
sulphide  material,  a'  e  situated  at  the  immediate  contact  between  the  rocks. 
intrusive  norite  and  the  older  rocks,  in  such  a  way  as  to  indicate  in 
the  clearest  maoDer,  their  common  origin. 
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(a)   LATER   DVKE8   OV  OLIVIKK   DIABASE. 

ph^jieaJ  1'lte  rock  usually  designated  olirioe  diabase,  aud  characteristic  of 

oliWmt^" "'    what  has  been  called  the  later  dykes,  is  very  uniform  in  mineral- 
dinbsM.  ogtc&l  compoBition  and  structure.    Hand  specimens  show  a  rock  which 

is  Jark-gray,  greenish-gray,  to  almost  black,  with  spheroidal  rusty 
weathering,  which  is  very  characteristic.  In  many  instances,  expo- 
sures exhibit  a  rude  basaltic  structure  &ad  are  frequently  porphyritic, 
with  phenocrysts  of  yellowish  or  greenish  labradorite,  often  an  inch,  or 
Phprfocrj-Bte  ^y^^  more  in  diameter.  The  alteration  of  these  phenocrysts  produces 
the  mineral  '  huronite  ',  so  named  by  Thomson.  These  dykes  possess 
well  marked  selvages  of  fine-grained,  occasionally  glassy  material 
(tachylite),  and  present  every  gradation  between  basalt  and  diabase. 
The  thin  section  of  the  fairly  coarse  rock  shows  a  remarkably  fresh  oli- 
yine-diabasb,  made  up  chieQy  of  plagioclase,  augite  and  olivine.  The 
MicroKcoi>ic&l  plagioclase  is  the  principal  constituent  and  is  generally  quite  fresh 
wiS^Ui'S.''  *°^  g'^^y-  alttioigh  occasionally  somewhat  turbid,  as  a  result  of 
incipient  deoomposition.  Being  the  earliest  constituent  to  crystaltizo 
it  is  in  idiomoi'phic,  well  twinned,  tabular  or  lath-shaped  crystals, 
which  have  a  marked  ophitic  arrangement  The  extinction  angles 
clearly  indicate  labradorite.  The  twinning  is  according  to  the  albite 
law,  but  a  combinatioa  of  the  albito  and  pericline  law,  is  very  com- 
mon. Occasional  individuals  esbibit  twinning  according  to  the  rarer- 
baveno  law.  The  augite  shows  a  very  irregular  or  jagged  outline,  with 
characteristic  imperfect  or  interrupted  cleavages.  It  is  reddish-brown 
to  violet  in  colour,  and  very  distinctly  pleochroic.  The  olivine  occurs 
in  more  or  less  rounded,  pale  yellow  grains,  and  sometimes  fills  in  the 
spaces  between  the  felspar  crystals.  It  is  remarkably  fresh,  but  occa- 
sionally shows  decomposition  to  a  deep  green,  compact  serpentine  (an- 
tigorite). 

OrdpT  of  gene-      Apatite  is  very  abundant,  in  the  usual  acicular  prismatic  forms,  and 
mineral  the  opaque  constituent  is  probably  ilmenite.     Some  of  the  thin  flec- 

tions are  very  instructive,  especially  as  regards  the  order  of  crystalli- 
zation of  the  various  mineral  constituents.  Apatite  was  certainly  the 
first  to  crystallize,  as  it  occurs  in  sharp,  well  defined,  elongated  prisms 
which  are  embedded  in,  or  pierce  the  other  constituents.  The  labra- 
dorite has,  in  most  coses,  at  least,  crystallized  before  the  augite,  but 
its  relation  to  the  olivine  is  not  quite  so  distinct.  In  some  cases,  the 
olivine  has  the  rounded  outline  it  usually  assumes  when  its  crystalli- 
zation is  not  interfered  with,  but  often  it  may  be  found  occupying 
the  triangular  interspaces  between  the  felspar  laths,  or  sharply  mould- 
ed upon  them.     It  appears  therefore,  that  the  period  of  the  crystalli- 
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utioQ  of  the  olivine,  certainly  overlapped  that  of  the  labrtkdoTite, 
although  in  general,  the  olivine  ia  diatinctty  earlier.  Most  of  the  ilme- 
nite,  likewise,  is  earlier  than  the  plagiocl&se,  but  occasional  individu&ln 
contain  oryat&la  of  olivinn  and  plagioclase,  showing  that  somo  of  the 
ilmenite  formed  after  the  olivine  and  plagioclase. 

A  quantitative  analyfiia  of  a  specimen  from  the  big  dyke  near  Mur-  c 

ray  mine,  gave  Dr.  Walker  {')  the  following  results  :  " 

SiO,       ..      47-22  t 


AljOg    .. 

16-52 

FejOg    .. 

3-32 

FeO 

12 '40 

MnO      .. 

004 

CO 

9-61 

MgO      ., 

3-33 

K,0 

0-67 

Na,0     .. 

3-40 

.    liO,      .. 

3  62 

P.O.      .. 

0-33 

B.0 

001 

CaO       .. 

trace 

NiO 

00276 

CoO       .. 

00085 

Loss  b;  ignition     . . 

0-30 

Tot«l 

100803 

Specific  gravity.. 

301 

These.dykea  of  oJivine-diabaae  are  diBtinctly  later  in  age  than  the  {{^latjyg  ^g^ 
rest  of  the  associated  rocks.     They  cut  the  greenstones  and  associated  "^  ^J^^- 
micropegmatite,  as  well  as  the  ore  bodies  themselves.  They  likewise  cut 
the  tufEs,  breccias  and  quartzitea,  although  one  dyke  was  noticed,  which 
did  not  reach  the  summit  of  the  quartzites,  but  was  cooled  against  the 
upper  beds. 

As  a  rule,  most  of  theiie  dykes  are  remarkably  fresh  and  unaltered  Aa  a  rule,  rock 
and  all  of  those  mapped  as  occun-ing  in  the  vicinity  of  the  Murray  ^^^^nj  ' 
mine,  are  of  this  description.     On  the  other  hand,  with  the  single  ex-  umJtered. 
ception  of  the  l^-ge  dyke  which  runs  in  a  northwest  direction  near  the 
Ontario  Smelting  Works,  all  of  the  others  are  much  altered  and  decom- 
posed, and  thin  sections  prepared  from  these,  cannot  be  distinguished 
from  the  Sner  grained  and  more  baste,  altered  facies  of  the  norite.  Tb^ 

(I)  Quart.  Jour.  Geol.  Sou.  Lon,,  FebruBrj,  1897,  p.  63. 
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boundaries  between  the  biailicatea  &nd  plagioclue  are  not  well  defined, 
the  latter  containing  scattered  Bhreds  and  grains  of  horablende  and 
biotite.  The  plagioclase  sbows  the  same  cloud-like  arrangement 
of  Bub-microBoopic  inclaaiona,  presumablj  of  ilmanite.  The  hornblende 
is  in  amall,  strongly  pleoohroic  individuals,  and  is  very  abundant.  Bio- 
tite ia  also  abundant,  while  the  ilmenite  is  largely  represented  by 
aphene.  The  ophitic  structure  still  remains,  but  is  not  so  pronounced. 
Most  of  the  plagioclase  is  quite  fresh,  but  some  of  it  is  altered  to  a  aaua- 
auritic  aggregate.  Quartz  ia  fairly  abundant,  filling  in  small,  irregular 
interspaces  between  the  other  constituents.  Smalt  grains  of  sulphide 
material  are  also  disseminated  through  the  rock.  The  occurrence  of 
such  a  rock  in  dyke-like  form,  wilb  the  same  mineralogical  composition 
of  tho  norite,  indicates  that  these  dykes  at  least,  are  later  and  differen- 
tiated portions  of  the  norite,  representing  the  dying  efforts  of  the  very 
pronounced  and  long  continued  vulcanism.  The  occasional  presence 
of  olivine  in  the  norite  of  the  Little  Stolne  mine,  and  the  recogni- 
tion of  quartz  in  some  of  these  later  dykes,  have  supplied  the 
links  hitherto  missing  and  neceaaary  for  a  proper  understanding  of 
the  relationship  existing  between  these  two  rocks.  As  shown  by 
Walker,  in  the  analysis  quoted  of  a  fresh  type,  this  olivine-diabase  con- 
tains amall  quantities  of  copper,  nickel,  and  cobalt,  which  the  same 
author  regards  as  original  constituents  of  the  olivine-diabase  magma. 
The  relations  of  these  dykes  to  the  various  ore  bodies  through  which 
they  are  intruded,  show  distinctly,  that  these  latter  had  already  attain- 
ed their  present  dimenaiona,  at  some  time  previous  to  the  intrusion  of 
the  dykes.  For  the  most  part,  they  have  »  fairly  constant  direction, 
but  present  frequent  broad  curves  and  occasional  faults.  Two  of  the 
largest  dykes  met  with,  vary  in  width  from  1-^0  to  200  feet,  and  were 
traced  with  practically  unbroken  conti.iuity,  from  the  northwest  comer 
of  llcRim  township,  southeast  to  Ramsay  lake.  There  is  no  local  enrich- 
ment whatever  of  the  ore  bodies,  in  the  vicinity  of  the  dykes,  as  has 
frequently  been  surmised.  The  influence  occasioned  by  ti.eir  passage 
through  these  ore  bodies  is  extremely  local  and  very  inaignificaDt.  In  the 
vicinity  of  the  Copper  Cliff  and  Murray  mines  and  the  area  intervening, 
many  of  these  dykes  have  been  encountered,  and  it  has  been  found  possi- 
ble over  this  limited  area,  toaccurately  determine  and  map  their  dimen- 
sions and  direction,  and  although  the  prevailing  direction  is  perhaps 
northwest  and  southeast,  many  of  them  occupy  fissures  with  courses 
very  widely  divergent. 
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MiHBRALs  Associated  with  ths  Nickel  and  Coppbb  of  the 

SODBURT    MiMINO    RSOIOH. 
PYRRHOTITB  AND   CHALCOPTRITE. 

The  an  bodies,    with    which  the  nickel  utd  copper  are  immedio-  Ore  bodi« 
tely  «ssocuted,  conaist  essentiftlly  of  pyrrhotite  (Fe^  S„)  which  ia  ^JJi^  ^'"' 
by  far  the  most  predomiaant  constituent,   and  chalcopyrito   (Cd   Fe  P7^l>otite  and 
Sj)  uEnally  in  mnch  smaller  amount,    and  a  varying   proportion   of 
gangue,    oooBisting    mainly  of   the   associated   eraptive  nr    its   con- 
stituent silicates.     The  nickel  present  in  the  ore  bodies  is  not,  as  so 
ranny  have  supposed,  an  essential  coostituent  of  the  pyrrhotite,  isomor- 
phously  replacing  an  equivalent  amount  of  iron,  but  is  mainly  present, 
at  least,  as  a  distinct  and  magnetically  separable  nickel -iron-sulphide 
known  as  pentlaadite.  This  mineral  is,  as  a  rule,  very  intimately  asso-  Nickel  alwaf  b 
dated  with  the  pyrrhotite,  but  occasional  hand  specimens  from  the  ^^^^ni^te. 
lower  levels  of  the  old  Copper  Cliff  mine,  show  a  rather  intimate  asso- 
ciation of  nearly  pure  pentlandite  and  chaloopyrite.     The  pyrrhotite 
and  chaloopyrite  will  be  described  more  fully  in  that  portion  of  the 
bulletin,  dealing  with  the  composition  of  the  ore  bodies. 

PBKTLANDITB. 

This  roineral  is  usually  very  intimately  associated  with  the  pyrrho-  Pentluidite 
tite,  and  ii  so  finely  disseminated  through  the  mass  of  this  mineral,  ^^'^i'^e^ 
that  a  separation  can  only  be  effected  by  very  fine  grinding.     Though  '?''*'^ 
pentlandite  itself  is  feebly  magnetic,  and  in  finely  powdered  form  is  pyrrhotite. 
attracted  by  an  wdinary  bsnd  magnet,  advantage  is  taken  of  the  great 
difference  in  the  magnetism  of  these  two  minerals,  to  effect  their  sepi- 
ration.     It  requires  repeated  trials  to  eleminate  the  last  traces  of  the 
pyrrhotite,  but  this  has  been  snccesafully  done  by  Fenfield,  Browne  and 
I>ickson,  and  their  analyses  which  are  qnoted  give  all  necessary  details  Succe«BFuliy 
of  the  chemical  composition  of  this  mineral,  showing  it  to  be  very  uni-  |^^^ci(si[y 
form  over  the  whole  district.     It  is-essentially  the  same  as  the  original  ^y  PenGeld 
,      ,.       ,  .  .,,,.,  ,        1   ,      r,  ,  ,  .  Browneand 

penc]andit«  (eisennickelkiee),  analyzed  by  bcbeerer,  but  contains  more  Dickson. 

nickel,  and  less  iron  -and  sulphur.     Sometimes  as  at  the  Worthington 
mine,  it  occurs  in  tolerably  large  pieces,  which  can  be  readily  distingui- 
shed from  the  enclosing  pyrrhotite,  but  even  these  contain  a  conside-  Fentkndite 
rable  amount  of  disseminated  pyrrhotite,  so  that  material  thus  secured,  ^ch^pure 
rarelv  assays  over  30  per  cent  of  nickel.  The  mineral  is  very  abundant  (j*?™,^.''''.'' 

■'  '  '^  '  Worthington 

at  the  Creighton  mine,  and  can  be  readily  recognized  on  account  of  its  and  Crai^ton 
perfectly  developed,  octahedral  parting.     It  is  somewhat  paler  in  co-  """^^ 
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Colour  of         lour  than  the  pyrrhotite,  rarying  from  iteel-graj  to  silver-whit«,  and 

ftlmoBt  invsriablf  breaks  with  flat  surfaoea,  which  are  pUnea  of  p&rtiag, 

Phyiiol  panllel  to  the  octahedron.     The  mineral,  however,  in  freehl;  broken 

pentluidite.     material,  cannot  readilj  be  diitingaished  from  the^eqaoll;  fresh  pyrriio- 

tite,  especially  if  the  planes  of  [wrting  are  imperfectly  developed.  Ex- 

posara  to  Uie  weather  brings  about  a  rapid  change  in  colour  to  a  peoa- 

liar  pale  bronze,  yellow,  which  ia  very  oharacteriatic  and  quite  distinct 

from  the  pyrrhotite. 

Cbemiol  "^^  material  obtained  by  Fenfield  (')  was  crnahed  and  sifted  to  a 

P^^'m'^      grainof  from  1-2  mm.  in  diameter,  and  the  pyrrhotite  was  extracted 

DicluoD  and     by  means  of  an  ordinary  magnet.     The  pentlandite,  for  analyaia,  waa 

Browjw.  further  carefully  selected  by  hand-picking. 

Similar,  preliminary,  careful  pmparatioii  of  material  was  used  by  Mr. 
C.  W.  Dickson  (^).  The  following  are  the  analyses  : — Ho.  1  (Peufield) ) 
2-4,  (Dickaoo) ;  5-9,  (Browne)  (><).  Analyses  5-7  inclusive,  are  stated  to 
contain  some  pyrrhotite,  as  fine  dust  Analyses  10  and  11,  are  by 
Scbeerer  (*)  of  the  pentlandite  from  Lillehammer.  Analyais  No.  2,  is 
from  Creighton  mine  ;  No.  3,  Worthington  mine  ;  No.  4,  Frood  mine ; 
No.  B,  Copper  Cliff  mine ;  No.  6,  Stobie  mine ;  No.  7,  Evans  mine  ; 
No.  8,  Copper  Cliff  mine  (hand-picked) ;  No.  9,  Evans  mine  (hand- 
picked). 

133         4         6_6         7         8fllOU 

Ni 34  23  34-S2  SSTO  MSB  3605  8470  341!!  3500  8490  18-85  2107 

Co. 0-86    0-84    0-78    0-85 

Fe 30'25  3D'00  29'17  30'4H  29'80  29  90  S9  W  SOW  S9  60  4270  4021 

S 33  42  3200  32-30  33-30  34-35  83-90  85  43  33-50  33-56  36  45  36-64 

Cu 1-18    1-78 

GMfrne 0-6T . 

99  42  98-66  96  95  99  17  99  30  98  60  99*50  98  80  9806  9666  9»-70 

Rstioe  o(  The  ratios  in  Prof.  Penfield's  analysis  are  8 :  (Fe  ■»-  Ni)  - 1  -044 : 1  -047, 

coDBtituenu     almost  1  :  1,  or  that  of  a  normal  sulphide  (Ni  +  Fe)  8.  The  ratio  of  the 
olpeDtuuidite.  K-  \  f 

Fe :  Ni  is  1 :  1-32,  while  in  that  from  Lillehammer,  it  ia  about  2 :  1. 
Dickson  remarks  that  tiib  ratio  of  the  (Ni  i!b  Fe)  :  8  varies  from 
10'91 :  10  to  11-07  :  10,  and  points  out  that  this  ratio  11  ;  10  is  not 
accidental,  but  constant  for  all  analyses  of  pure  material.  He  therofore 
suggests,  tliat  the  formula  for  this  mineral  be  written  (Fe  -f  Ni)  , , 
8,0  which  seems  rather  clumsy  and  an  unnecessary  refinement  of 
expression  of  material,  which,  even  when  every  precaution  is  taken,  ia 

(1)  Amer.  Jour.  So.  (Srd  Serie.)  VoL  XLV,  1893.  pp.  49S-1M. 

(2)  Trana.  Amar.  loiit.  Min.  Eng.,  Albany  Meeting,  yebmary,  1903. 

(3)  Eng.  t  Min.  Joiir.,  December,  gnd  189S,  Vol.  LVI,  p.  666. 

(4)  Dans,  Sy«tem  of  Mineralogy,  6th  Ed.  1B92,  p.  66. 
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Still  not  absolutely  pure.    The  formula  of  the  Litlehammer  peatlandite 
is  givea  as  2  Fe  S+  Ni  8.  The  ratio  of  nickel  to  cobalt  in  the  Sudbury 
pentbodite  varies,  ruDiiing  from  40  to  42  :  I,  is  worthy  of  remark, 
as  this  proportion  is  almost  identical  with  that  found  in  the  ore  bodies. 
A  magnetic  separation  of  the  nearly  pure  sulphides,  forming  the  ore 
from  the   Creighton  mine,  was  mode,  by   means   of  the   Wetherill 
separator,  the  material  thus  used  being  crushed  to  different  degrees  of 
fineness,  and  graded  by  means  of  sieves.   The  original  product  showed  CtmipoiitiOT 
an  assay  value  of  1.20  par  cent  of  copper,  and  4.tj7  per  cent  of  nickel,  nn&rBtina  of 
with  2.49  per  cent  of  insoluble  matter.  The  very  fine  material  gave  the  (m^creigh- 
cleanest  aeparatioc,  and  some  of  that   which  passed  through  a  100- 1""  '"'''«■ 
mesh  sieve,  was  divided  into  three  products  which  may  be  distinguished 
from  one  another  as   strongly  magnetic,  feebly-magnetic   and   non- 
magnetic.   The  feebly  magnetic  product  showed  the  presence  of  30.41 
per  cent  of  nickel,  and  the  non-magnetic  30.36  per  cent  of  nickel.     A 
complete  analysis,  and   an   adjustment   of   the  variouH  constituents, 
showed  that  the  feebly  magnetic  portion  consisted  of  chalcopyrite  and 
pentlandite,  in  the  proportion  of  1 :  21,  while  the  non-magnetic  product 
showed  these  same  minerals  present,  in  the  proportion  of  1  :  7. 


A  sulphide  which  presents  all  the  ordinary  physical  characters  of 
pyrite,  such  as  hardness,  specific  gravity,  colour,  lustre,  and  magnetism, 
is  by  no  means  uncommon  in  most  of  these  deposits,  and  can  generally  prrite  at 
be  found  when  a  special  search  is  made  for  this  mineral.  Large  cubical  ^"  '"™- 
crystals  of  pyrite,  are  mentioned  by  Dr.  Coleman,  (')  as  occurring  in 
fisdures,  with  quartz  and  calcite,  at  the  Elsie  mine,  but  the  assay  of  one 
of  these  showed  no  nickel.     Dickson  mentions  the  fact  that  a  number  Nickel 
of  his  samples  from   the    Copper   CliSf  mine,    were  associated  with  ^^J^^t 
secondary   quartz,    calcite    and    millerite.     Pyrite    was   also   noticed  Uopper  Cliff 
occurring  with  pyrrhotite,  chalcopyrite  and  danaite,  at  the  Century 
Copper  mine  on  the  north  half  of  lot  4,  con,  IV,,  of  the  township  of  Nickel- 
Graham.  A  determination  by  Mr,  F,  G,  Wait  of  the  Geological  Survey,  ft^*^^};?^ 
showed  0,49  per  cent  of  nickel,  with  a  trace  of  cobalt,  Dr,  Walker  (*)  Coppermine, 
found  what  he  regards  as  a  true  nickeltferous  variety  at  the  Murray  chemioJ 
mine,  and  has  published  a  full  description  and  analysis  of  the  specimen,  analr'.i^  of . 
The  following  is  the  analysis  under  1,  and  if  the  mineral  be  con- feroiu  pjriM 
sidered  aa  pyrite,  in  which  part  of  the  iron  is  replaced  isomorphonsly  j^^  bv''K'' 
by  nickel,  the  explanation  is  given  under  II  and  III.  Walker. 
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I  II  in 

Nickel  4-34     Nickel  JMt  j^.g^    ^.^ 

Iron  39  70     Sulphur      49-3M    *„' 

38^6  FeS.  83-49 

Sulphur       49-31     Iron  39-70J^*.J5{ 

Mowture  10     Oxygen  (c»lcul»t©d).    -281  Fe,0.  102 

Coj^r        traces        Water •  10 

Insoluble       6-76         Insoluble   5-76 

Arsenic        none  

Total 99-49 

Nickel 

b«krii»  pyrite      A  peculiar,   grayish-green,  bronze-coloured,  non-magnetic  mineral, 

mina.  vos  found  by  Mr.  McVittie  on  the  location  when  the  Qertrude  mine 

now  is.  The  mineral  oconrred  nuasive,  with  small  crystals  of  magne- 
tite, and  specks  ot  chalcopyrite  disseminated  through  it  ,in  a  streak 
about  six  inches  wide,  adjoiniog  the  granite.     An  analysis   of   the 

,  mineral,after  removing  the  magnetite,  gave  Mr.Mickle(')  the  following 

resnlts  under  I,  while  under  II,  is  given  the  proportions,  omitting  the 
insoluble  matter  and  recalculating  to  100. 


tiertrude 

mine  by 
Mickle. 


Mr.  Mickle  regards  this  as  nn  agreg&te  made  up  of  pynte,  millerite 

and  chalcopyrite,  the  composition,  as  given  above,  practically  agreeing 

with  such  a  mixture.     A  very  similar  compound  is  found  at  the  old 

Beatrice  mine  (Davb  property),  on  lot  1,  oon,  III.,  of  the  township  of 

Wharionite      Bleurd.  After  an  analysiB  of  this  material,  Dr.  Emmens  (  *)  decided, 

HiirciH  but  k    that  the  mineral  was  a  new  nickeliron-snlphide,  and  proposed  for  it 

nicM  l)eatinR  t|,g  name  '  Whartonite '.  The  mineral  is  not  homogeneous  and  ia    very 

evidently  a  mixture.     It  has  a  peculiar  bronze-yellow  colour,  is  oeL 

lular,  the  cavitieM  being  lined  with  minute  cubical  crys'als,  with  an 

intermediate,  finely,  granular  material.     It  was  usually  referred  to  by 


Iron 

3? -28 

41  48 

Sulphur  ■ 

46  54 

57-79 

Nickel 

596 

6-62 

Copper 

010 

O-II 

In«>l. 

9-66 

Total. , . 

..99-53 

100-00 

(1)  Ann.  Elep.  Bur.  of  Mines,  Ont.,  1903,  p.  282. 
(3  )Aiin.  Kep.  Eur.  of  Mines,  Out.,  1893,  p.  170. 
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the  miners  aa  '  matte ',  on  acoount  of  the  resemblance  to  this  artificial 
product.     The  chemical  anftl^ais  by  Emmenti  showed  it  to  contain  (')■ 

Nickel  6-40 

Iron  42  90 

Sulphnr  45-00 

Insoluble  4  80 

Total        98  10 
Mabcasitb. 
The  mineral  thua  designated,  id  distinguished  from  py rite,  chiefly  by  DUtiDguiih- 
ita  silver  whib?  colour,  which  even  weatherinf  only  deepens  slightly  1,°^° 


to  a  very  pale,  bronze-yellow.     Samples  of  such  material,  submitted  to 
Prof.  Penfield,  by  Mr.  C.  W.  Dickson,  were  considered  by  him  aa  mas- 
sive marcaaite.     The  analyses  conform  to  the  formula,  FeSj  and  show 
the  presence  offrom2to4perceDtofnickel,probablya8pentlandite.  Dr.  Jri^^^jdid 
Walker  mentions  the  occurrence  of  marcasite,  in  the  midst  of  the  usnal  at  Miuraj 
sulphides  at  the  Murray  mine,  but  assays  of  this  material  failed  to 
show  the  preseuce  of  any  nickel.     Perhaps  the  most  not«d  specimens 
which  may  be  included  under  this  name,  are  those  for  which  the  name 
<  blueite  '    was   proposed  hy  Dr.  S.  H.  Emmens  (').     The  mineral  has  Blueite  of 
a  metallic,  somewhat  silky  lustre,  while  the  colour  is  pale    olive-gray  nickeliferoos 
inclining  to  bronze.     The  type  specimens  came  from  the  Gersdorffite  tnoreasite. 
mine  (lot  12,  con.  Ill,,  Denison),  which,  at  the  time,  was  worked  ander 
option,  by  the  Emmens  Metal  Company.     The  mineral  also  occurs  on 
the  lot  to  the  south  (lot  12,  con.  II.,)  as,  well  aa  at  the  Totten  mine 
(lot  I,  con.  II.,  Drury),  and  at  the  Wortbington  mine  (lot  2,  con  II.,  chemicsl 
Drury).     Dr.  Emmens'  analysis  showed  the  presence  of  3'5  percent  of  ^"^te."" 
nickel  with  36'8  per  cent  of  iron,  and  5'4  per  cent  of  insoluble  matter, 
but  the  sulphur  52-3  per  cent,  calculated  by  difference,  is  evidently  too 
high.     At  the  GlersdorfBte  mine,  the  niokeliferous  murcasite  occurs  in 
association  with  niocolite,  gersdorffite,  pyrrkotite  and  ohalcopyrite,  in 
a  small  quartz  vein,  cutting  a  hornblende  schist. 

At  the  Worthington  and  the  Totten  mines  this  very  white  nickel 
ore  occurs  in  the  form  of  circular  or  oval  patches,  which  are  very  con- 
spicuous, embedded  in  the  pyrrhotite,  ohalcopyrite,  and  associated  with 
rocky  matter,     An  assay  of  a  specimen  from  the  Worthington  mine,  Chemical 
by  T.  L.  Walker,  showed  the  presence  of  4-5  per  cent  of  niokeL     A  njokelifaroDB 


specimen  was  also  sent  to  Prof,  F.  W,  Clarke,  chief  chemist  of  the  SrHm^Sd 

(1)  Aqd.  Rep.  Bur.  of  Minee,  Ont,  1892,  p.  170 ;  tiao  Jour.  Am.  Ch«ni.  Soe.  VcA. 
XIV.  No.  7. 

(1)  Jour.  Am.  Chem.  Baa.,  Vol.  XIV.,  No.  7 ;  also  Ann.  Rep.  Bur.  of  Mines,' Out., 
1892,  p.  168 
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U.S.,  Geologioal  Survey,  and  an  aoaljeU  o£  this  ore  wm  mkde  by  Dr. 
W.  F.  Hillebnuid,  hia  reaulU  being  reported  as  follows  (') 


Iron 

se  S6 

NicW 

4-57 

010 

Solpbor 

45-U 

Sulphuric  acid 

0-95 

Carbonic  acid 

1  19t 

Calcium  oiidc 

1-91 

Magneda 

0-41 

Insotubte 

4-80 

Watoral  lOO* 

C.  0.65 

Loss  and  oz^gen       1 

Total.... 98. 2fi 

Probable  ^  consideration  ot  the  above  analysis,  shows  that  it  agrees   very 

mtnaute  and  olosely  with  the  assumption  that  the  Dickel  is  present  in  the  form  of 

^"^        '    '     pentlondite,  disseminated  through  the  marcasite.     Prof.  Clarke,  in  his 

letter,  states.  '  It  seems  to  me  that  the  material  is  a  mixture,  not  a 

definite  species.     Your  Sudbniy  minerals  deserve  an  exbausive  stndy, 

and  the  work  would  be  well  repaid.' 


MlU-KRITE. 

The  simple  or  normal  sulphide  of  nickel  is  oocaaionally  met  with  in 
M'll*"'«  ...  ,  .       ,  .  ...... 

probable  some  of  the  mines,  and  may  be  the  source  of  some  of  the  nickel  of 

lomsof'the      '^^"^  deposits.     Agreeably  with  its  formula  NiS,  this  mineral  should 
nickel.  contun,  when  pure,  35.3  per  cent  of  sulphur  and  64.7  percent  of  nickel. 

Undoubted  slender  crystals  of  millerite  were  found  at  the  Copper  Cliff 
mine,  in  wortcings   150  feet  below  the  surface.     Another  specimen 
Uillerite  at     containing  this  mineral,  asapciatnd  with  pyrrhotite,  wag  obtained  at  the 
mf^S*    B^t"<»  "ii*»o,  on   lot    1,   oon.    III.,  of  Blezani   township.     Dickson 
mines.  mentions  having  found  '  small  bunches  of  hair-like  crystals  of  this  min- 

eral, in  the  cavities  of  some  radiating  pyrite,  mixed  with  calcite '.  He 
r^ards  the  millerite  as  undoubtedly  secondary,  and  probablv  derived 
from  preexisting  pentlandite. 

(1)  Ann.  Rep.  Geol.Surv.  Can.,  Vol  v.,  1890-91..    Part  S.8.,  p.  118. 
X  Calnlated  on  the  suppoaicion  that  all  the  calcium  eiiita  at  carbonate. 
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POLYBTHITK. 

This  mineral  occurs  in  association  with  chalcopyrite,   chaJcooito,  AMwn»tiwi  of 
pyrrhotite  and  pjrtte  at  the  Yennilion  mine,  Iota  S  and  6,  con  lY.,  of  VGrmtlioa 
the  township  of  Denison.     It  ie  steel-^ray,  massive,  and  exceedingly  i°">B' 
alterable  in  the  air.     It  has  a  specific  gravity  of  4.6.     An  analyaia  of 
oarefnlly  selected  material, gave  Clarke  and  Catlett  the  results  ander  I,  nhemicftl 
(')     A  good   sample  of  the   Vermilion  ore,  analyzed  by    Mr.  Browne,  composition  of 
after  dedaoting  1.6  per  cent  of  gilioa,  gave   the  results  under  II,  evi-  ^^ 
dently  impure  polydymite.  (') 


I 

11 

Nickel 

41 -96 

86-85 

Iron 

IS -67 

18-70 

Mphsi 

40  80 

38-43 

OoppM 

0-62 

4  47 

saic 

102 

Totals.. 99-97    98  45 
These  figures  give  approximately  the  formula  Ni,FeSg.     Neither 
cobalt  nor  arsenic  oould  be  detected.     If  we  dedact  silica,  together  ?^t^™i2j. 
with  the  copper  reckcmed  as  admixed  chalcopyrite,  and  recalculate^the 
remainder'of  the  analysis  under  I,  to  100,  we  get  the  following  figures 

Nickel         4318 

Iroo  15-47 

Sulphur       41-35 

Total... 100  00 

In  short,  the  mineral  has  the  composition  of  Ni,S,  with  about  one 
quarter  of  the  nickel  replaced  by  the  iron,  which  agrees  with  Laspeyree, 
polydymite,  of  which  it  is  doubtless  a  ferriferons  variety.  The  polydy- 
mite from  which  the  above  was  selected,  came  from  a  mass  in  which  an 
average  of  35.39  per  cent  of  nickel  and  5.20  per  cent  of  copper  had 
previously  been  found. 

A  specimen  of  the  so-called  polydymite,  was  presented  to  the  writer 
by  Mr.  F.  L.  Sperry,  at  one  time  chemist  of  the  Canadian  Copper  Co. 
The  mineral  at  the  time  was  known  to  be  impure,  but  was  the  best 
sample  which  could  be  secured  for  the  museum.  The  material  was 
mainly  polydymite,  in  a  gangue  composed  of  diorite  and  small  quanti- 
ties of  quartz.  Carefully  selected  material — which  however  it  was  f;,^^!JJi^ 
' ~  uidsHBoaiat 

(I)  Amer.  Jour.  Sc.,  Vol  XXXVII,  1889,  p.  372-374. 

(3)  EnR.  snd  Mia.  Joar,,  Dec  2. 1893.  Vol.  LVI,  p.  666, 
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found  atill  coutaiDed  &  little  intermixed  gangue  and  chalct^yrite — was 
found,  by  Mr.  R.  A.  A.  Johnston  to  contain  40-80  per  cent  of  nickel 
with  no  cobalt. 

EPIRRTLITR. 

Discovery  of        Spenylite  was  first  found  at  the  Vermilion  mine  in  the  gossan  or 
■penrliM        j^j^^  material,  and  was  named  after  Mr.  Franms  L.  Sperrry  of  the  C. 
Eimmination   0.  Co.  by  Profs.  Horace  L.  Wells  and  8.  L.  Penfield,  of  the  Sheffield 
tioii  b;  W^li  Scientific  School,  who  examined  and  described  this  new  8peciee(').  The 
knd  Penfield.    inaterial   as  received,  consisted  of   a  heay,  brilliant  sand,  composed 
largely  of   the  sperrylite,  but  intermixed   with  this,  a   considerable 
number  of  fragments  of  chaloopyrite,  pyrrhotiie  and  some  silicates 
could  be  seen.  Aftor  the  material  was  purified,  it  was  found  to  contain 
some  transparent  grains  which  proved  on  examination,  to  be  oxide  of 
tin  or  cassiterite  (SnO,). 
PhTBiGal  Sperrylite  is  isometric,  simple  cubes  are  common,   octahedrons  are 

chuvcten  of    exceptional,  while  the  majority  of  the  crystals  are  combinations  of  the 
cube  and  octabedron.     Hardness  is  between  sis  and  seven,  as  it  scrat- 
ches felspar,  bat  not  quartz.     The  specific  gravity  is  10,602.    The  crys- 
tals have  DO  distinct  cleavage,  but  are  very  brittle,  and  break  with  an 
Chemical         irregular,  probably  conchoidot  fracture.     The  chemical  composition, 
compoaition.     according  to  the  mean  of  two  analyses,  was  as  follows  : — 
Arsenic  4098 

Antimony  0  50 

Platinum  52-57 

Rhodium  072 

Palladium  trace 

Iron  007 

Cassiterite  or  oxide  of  tin      462 

Total 9946 

The  compoaition  is  therefore  represented  by  the  formula  PtAs,, 
"^"^  a  small  portion  of  the  platinum  and  arsenic  being  replaced  respective- 

ly by  rhodium  and  antimony.  The  colour  of  the  mineral  was  nearly 
tin-white,  or  about  the  same  as  metallic  platinum.  The  fine  powder  is 
black.  Nearly  all  the  grains  showed  extremely  brilliant,  crystal  faces, 
though  most  of  the  crystals  were  fragmentary  in  size,  nsually  ^  to 
iJ^Trth  of  an  inch  in  diameter. 

The  presence  of  an  appreciable  amount  of  iridium  was  expected  by 
preMot.  Professor  Wells,  but  careful  search  failed  to  reveal  even  traces  of  this 

element. 

(1)  Amer.  Jour.  3c  Vol.  XXXVII,  1889,  pp.  67-63 
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Spenylite  is  reg&rded  as  the  source  of  the  metals  of  the  plfttinam  ^^  "^  ■ 
group,  which  are  invariably  present  in  appreciable  amounts  in  the  the  mnua. 
bessemer  matte,  assays  of  the  Copper  Cliff  and  Victoria  mines  mattes 
showing  from  04 — 0-5  oi.  per  too.     Wherever oocorrenoea  of  this  mi- 
neral have  been  examined,  it  is  directly  and  intimately  associated  with 
the  chalcopyrite,  so  that,  mattes  rich  in  copper,  contain  a  large  amount 
of  platinum,  while  those  containing  ver;  little  copper,  show  a  corre»- 
pondingly  smatl  amount  of  platinum.     In  Dr.  Walker's  ( ' )  analysis  of 
the  bessemer  matte  from  the  Murray  mine,  the  presence  of  iridium  and 
osmium  is  noted  in  almost  equal  amounts,  but  in  Prof.  Wells'  analysis, 
as  noted  above,  these  metals  were  not  detected.     Baron  voo  FouUon  Iridium  tad 
concludes  from  the  absence   of  these  elements,  that  there  is  another  gometimea 
mineral  present,  which   oontains   the  iridium,  but  although   this  is  |^^^ 
possible.  Dr.  Walker  considers  that  a  more  likely  explanation  is  that, 
in  some  casee,  part  of  the  platinum  in  sperrylite,  ia  replaced  by  the 
elements  iridinm  and  osmium. 

NICCOLITE. 

This  mineral,  in  intimate  association  with   geradorffite  and   with  Geologioal 
variable  quantities  of  intermixed  pyrrhotite,  chaloopyrite  and  pyrite,  ^jj^^^  '^ 
has  been  found  in  connection  with  the  occurrence  of  two  small  'stocks' 
or  introsions  of  quartz-mica-diorite  (altered  norite),  in  the  township  of 
Denison.     This  diorite  forma  two  small  bills,  which  rise  above  the  Localitiea 
surrounding  country,  which  is  underlaid  by  the  slaty  variety  of  the 
tuffs  or  greywackes,  these  rooks  surrounding  the  diorite  on  all  sides. 
One  of  these  maeeea,  known  as  the  Macdonell  or  Oersdorffite  mine  is 
situated  in  the  southeastern  comer  of  lot  12,  cod.  III.,  of  Denison 
while  the  other,  constituting  what  is  known  as  the  Hiram  BoUnson 
property,  is  on  the  northeastern  comer  of  the  west  half  of  lot  12,  con.  ^'"^ 
II.,  of  the  same  township.  The  country  rock,  in  the  immediate  vicinity,  u  usooiftted 
is  usually  a  more  or  less  scbietoee  diorite  or  hornblende  schist,  pro-  '^ 
dnced  by  the  shearing  of  the  morn  massive  diorite,  of  which  most  of 
the  bill  is  compoeed.  The  rock  is  made  up,  chiefly,  of  irregular  crystals 
of  hornblende,  closely  aggregated  together,  the  few  and  small  remain- 
ing interspaces  being  occupied  by  quartz  and  plagioclase.    At  the 
Gersdorffite  mine,  from  which  the  first  and  finest  specimens  of  this 
mineral,  and  the  associated  gersdorffite  were  obtained,  tiiey  occur  in  a 
small  vein,  interfoliated  with  a  chloritic  actinolite  schist,  at  the  north 
side  of  the  small  area  of  diorite,  shown  on  the  map.    The  vein  consists  CouBtitaenla 
mainly  of  quarts,  with  a  very  small  amount  of  felspar  and  c&lcite,  with  ^^j^  ^^^ 

Um. 

(1).  Amer.  Jour.  3c.,  VoL  1,  1896,  p.  112. 
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grains  uid  Hmall  diaaemiaated  msHM  of  th«  sulphides  already  men- 
tioned, the  most  abundant  and  conspicnona  being  the  niooolite  and 
eepecially  the  gersdorffite.  No  analysis  of  the  nicooltte  vaa  made. 
^"9P°^.^  This,  when  pure,  is  repreeented  by  the  formnla  N i  As  =  areenic  56-1, 
nickel  43-9  =  1000.  It  usually  contains  a  little  iron  and  cobalt, also 
Bulpbur,  while  scHuetimes  part  of  the  arsenic  is  replaced  hy  antimony. 
AdbJthu  of  The  mineral  occurs  massive,  and  the  peculiar  pale,  copper  red  is  quite 
iRMdorffiteby  '^iBt'ioctive.  A  sample  containing  niccolite  and  gersdorffite  was 
Mr.  W»lker.  submitted  by  the  writer  to  Mr.  T.  L.  Walker  who  found  them  too 
intimately  associated  to  separate  for  analysis.  He  therefore  made  an 
analysis  of  the  two  minerals  together,  which  resulted  as  follows :  ( ' ) 

Nickel  20-87 

Cobalt  0-64 

Copper  trace. 

Iron  2  43 

Sulphur  10-60 

Arsenie  26-04 

Silica  26-70 

Alumina  5 '43 

Magnesia    ) 

Lime  }     7-29 

Soda  ) 

Total 100-00 

GEIteDOKPFITE. 

Thia  mineral  was  first  recognized  in  a  small  sample  brought  to  the 
Fintrooogni-  Geological  Museum,  in  1891,  by  Mr.  Eagleaon,  who  had  obtained  the 
Jar*dor0it«.  specimen  from  Mr.  Dnn.  O'Connor,  of  Sudbury,  the  owner  of  the  Gers- 
dorffite mine,  where  it  had  been  found.  The  particulars  of  the  associa- 
tion of  the  mineral  have  already  been  described  under  niccolite.  When 
pure,  the  mineral  is  essentially  a  sulph-araenide  of  nickel,  with  the  for- 
mula NiAsS  or  NiSj,  NiAs,  =  sulphur  19  3,  arsenic  46-3,  nickel  35-4 
^  100  0.  Iron  replaces  the  nickel,  often  to  considerable  amount,  also 
sometimes  cobalt.  The  following  is  the  description  of  the  specimen 
collected  by  the  writer  in  1891,  prepared  by  Dr.  Hoffmann  and  Mr.  R. 
A.  A.  Johnston.  (') 

Structure,  for  the  most  part  lamellar,  but  occasionally  granular,  a 
PbjBiol  few  minute,  fairly  well  developed  crystals  exhibiting  the  forma  of  the 

eliuaclura  of     . . 

geradwffiW.  (l)  Ann.  Rep.  Geoi,  Surv.  of  Cnn.,  Vol.  V,  1890-91,  Part  Sa  p.  lia 

(2).  Ann.  Bep.  Geol.  Sutr.  Cao,,  VoL  V,  1890-91,  Part  R,  p.  22. 
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octahedron  and  cubo-octaJiedron,  with  the  faces  of  the  octahedron  pre- 
donuDating,  vere  also  observed.  Colour,  oteel-gray,  here  and  there 
tambhed  blackish.  Specific  gravity  (after  correction  for  a  little 
included  qnartz)  at  IS-VC,  6-231. 

The  material  upon  which   the  analysis  was  conducted,  although 
selected  with  all  possible  care,  and,  so  far  as  could  be  seen,  apparently 
pure,  nevertheless  contained,  it  was  subsequently  found,  a  very  appre- 
ciable amount  of  quartz.     Its  analysis  afforded  Mr.  R.  A.  A.  JohnatOD  Cbemical 
the  results  given  under  I.     Deducting  the  gangue  (silica),  and  recal-  ^^^ffiU 
cnlating  the  remaining  constituents  to  one  hundred  parte,  we  obtain  Johnaion. 
the  figures  given  under  II. 


Arsenic 

40  31 

46-96 

Sulphur 

U-34 

16-71 

Nickel 

22  50 

26-32 

Iron 

6-78 

7-90 

Cobalt 

1-73 

2  01 

Copper 

009 

0  10 

Gangue  (quartz) 

13-55 

Total 

.99-39 

100- 00 

This  mineral  had  not  previously  been  identified  as  occurring  in  Can- 
ada. 

MORBNOBITB. 

This  mioera],  which  is  also  known  as  "  Nickel  vitriol "  is  a  hydrous, 
nickel  sulphate  (Ni  SO^  +  7   H^O)  =  sulphur  trioxide  28-5,  nickel  of  m^'™ 


protoxide  26-6,  water  44-9  =  1000.     '  It  occurs  as  a  greenish- white 
and  pale  apple  green  incrustation  on  associated  gersdorffite,  niccolite, 
ohalcopyrite  and  pyrrhotite  at  the  Macdonell  or  Oersdorffite  mine  (lot  Localities 
12,  con.  Ill,  of  Denison) ;  also  but  more  sparsely  aa  a  greenish-white  ^^^gg^c^  j 
incrustation  on  some  of  the  nickeliferoua  ore  of  the  Worthington  mine  found. 
(Lot  2,  con  II.,   Drury)'.  (^)     It  has  also  been  noticed  at  the  Wallace 
mine  on  Lake  Huron. 

ANNABKRGITE. 

Some  specimens  of  gersdorffite,  which  had  beea  in  the  drawers  of  a 
mineral  cabinet  for  about  a  couple  of  years,  were  found  to  have  under- 
gone a  partial  decomposition,  with  the  formation  of  hydrous  nickel  ar- 

(1)  Ann.  Bep.  Geol.  Sur.  Can.,  Vol.  VI,  1892-»<l,  Part  R,  p.  2T. 
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ComiKwitiun  sanate.  The  material  which  came  from  the  Oeredorffite  mine,  (lot  12, 
^ncton  uf  ^^"^  ^^''>  I^iiiBon),  cODsiated  of  gersdorffite,  with  a  few  scattered  par- 
bydnnu  tides  of  chaloopyrite.     The  Dickel  arsenate,  which  occurred  both  lining 

anenbte,  and  filling  cavitiea  in  the  gersdorffite  was,  in  the  former  case,   in  the 

form  of  botryoidal,  globular,  or  mammillarj  crusts  of  a  greenish-fellow 
colour,  pale  grass-green,  and  honey-yellow  to  brownish  colours,  and 
exteriorly  of  a  sub-vitreous  to  vitreous  lustre,  whilst  that  filling  the 
cavities  wai  compact  and  amorphous,  texture  colloid,  of  a  greenish- 
yellow  colour  and  waxy  lustre,  also  occasionally,  but  more  rarely, 
earthy,  ohalk-like  and  dull.  (') 

DANAITE,    (COBALTIPKROUS   ARSENOPyRTTE). 

Tbeuretical  This  mineral  is  a  sulph-orsenide  of  iron  (Fe  As  S),  with  part  of  the 

uf  cobai'^'^  iron  replaced  by  cobalt.  Agreeable  with  the  formula  given  above,  it 
fenHu  should  contain,  theoretically,  arsenic  46-0,  sulphur  19-7,   iron  343  = 

t>r  dw&ite.  100-0.  It  is  Dot  abundant  in  tht;  Sudbury  district,  and  has  only  been 
recogaiied  as  occurring  in  two  localities,  and  in  both  of  tiiese  places  it 
is  found  in  aasooiation  with  the  older  dioritea  and  hornblende  schists. 
Anociations  The  first  place  in  which  it  was  found  is  on  the  north  half  of  lot  6, 
con  III.,  of  the  township  of  Graham,  this  lot  forming  a  portion  of  what 
is  known  aa  the  Russell  location  or  property. 
Pbyiicsl  The  mineral  is  massive,  with  a  steel-gray  colour.     Intermixed  with 

cfauBcten.      jjj^  were  small  quantities  of  white,  traosluoent  quartz,  some  pyrrhotite, 
a  little  galena  and  a  trifling  amount  of  chaloopyrite.     The  specific  gra- 
vity at  15-6'  C.  =  6-988. 
Aul^ii  of  An  analysis  by  R.  A.  A.  Johnston  (■),  of  carefully  selected  material, 

Jdiiwton'       is  given  under  I.     Deducting  the  gangue  or  silica,  and  recalculating  to 
100  we  obtain  the  results  under  II. 


Araenic 

4016 

42-22 

Sulphur 

17-92 

18-84 

Iron 

31-69 

33-32 

Cob.It 

3-89 

4-OS 

Nickel 

0-88 

0-93 

AotiiDOQ; 

0-57 

0-60 

Gold 

trace. 

bnce. 

OftDgue  (quartz) 

<-77 

Tot«l. 

.99-88 

100-00 
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This  mineral  also  occors  ia  considerable  quantity  on  the  K.  }  lot  Duiaite  of 
4,  oon.  IV,,  of  the  township  of  Qraham,  at  &  deposit  which  was  being  Coppermine, 
worked  for  copper,  and  known  as  the  Century  Copper  mine.  It  is 
present  in  intimate  association  with  pjrrhotite,  chalcopjrite  and 
pyrite,  abundantly  disseminated  through  a  hornblende  and  biotite 
schist,  and  also  through  a  pale  grayish  quartzite,  which  is  embedded  in 
the  hornblende  schist. 

SKALTITB. 

This  mineral  so  far  as  known,  is  rare  in  the  Sudbnry  district,  although  Recc^nilioo 
it  occurs  in  large  masses  in  the  Temagami  region,  to  the  northeast.  [^^^^^^Kim 
It  is  a   cobalt  diaraeoide,  CoAa,=ar8enic  71-8,  cobalt  28'2=^100'0.  by  E^nrick. 
This  mineral  was  observed  by  Mr.  E   B.  Kenrick,  of  the  Geological 
Survey  of  Canada,  in  the  form  of  minute  crystals,  with  well  marked 
octahedral  cleavage,  in  association  with  chaloopyrite,  from  the  township 
of  McKim.  (■) 

OALBNA. 

This  mineral  has  been  found  at  all  the  mines,  wherever  search  was  GktenA&lw&yi 
made  for  it.  Itis  the  common  sulphide  oflead  PbS=8ulphur  13-4.  lead  £^*,i?n 
866,=100.0  ;  usually  oontaina  alittle  silver.  Itgeneraliy  occurain  thin  with  Sudbury 
seams  penetrating  the  other  sulphides.     It  may  be  the  source  of  much 
of  the  silver  found  in  alt   the  mattes  produced  from  tbe  Sudbury 
ores.     It   shows   the  usually  bright   lead-gray   colour,  with  distinct 
cubical  cleavage.     No  aaalysis  was  made  of  this  mineral  in  immediate 
association  with  the  ore  bodies. 


CHAtCOCITB. 

This  mineral,  also  known  as  copper  glance,  ha^  only  been  described  ch^oodte  in 
as  occurring  at  the  Vermilion  mine,  in  Denison  township.     Its  occur-  JJ^Jh^wWdy- 
ence  at  this  place  is   noticed  by  Mr.  Johnston,  in  a  specimen  which  mite  »t 
was  given  to  the  writer  by  Mr.  F.  L.  Sperry.   This  specimen  consisted  o^jcm, 
of  chalcocite  and  chalcopyrite,  through  which  was  disseminated  some 
potydymite.    Some  of  the  fragments  were  coated  with  green  carbonate 
of  copper.     Mr.  Johnson  found  that  the  specimen  contained  d'40  per 
cent  of  nickel  with  no  cobalt,    No  chemical  analysis  of  tbe  chalcocite 
was  made. 


(1)  Ann.  Rep.  Geol.  Sur.  Cw.,  1886,  Put  I,  p.  13. 
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This  mioeral  is  mentioned  m  occMiooally  seen  by  Mr.  C.  W.  Dick- 
son. Some  of  the  chalcopjrite,  obtoined  at  the  Vennilioa  mine,  which 
was  greatly  weathered,  has  a  general  reeemblance  tu  this  mineral.  No 
undoubted  bomite  was,  however,  noticed  by  the  writer. 


MAONBTITK. 

TitaniferooB  Th's  mineral  ie  an  invariable  constituent  of  the  norite,  and  is  always 
Hi*m''w^ble  '>ioi^  '>^  '^B  titaniferouB.  It  is  generally  disseminated  in  minute 
constitiient  o(  grains   through    the  ore  bodies,  but,  as  a  rale,  in  very    Babordinat« 

amounts.  Occasionally,  small  masses  of  titaniferous  magnetite  are 
Magiietite  of    associated  with   the  pyrrhotite,  and  an  analysu  of  such  a  mass,  from 

the  Murray  mins,  gave  Dr.  Walker,  (<)  18-34  per  cent  of  titanic  acid. 

The  iargest  mass  yet  noticed  was  recovered  from  the  workings  of  the 

Clarabelle  mine,  where,  according  to  Capt.  McArthur,  about  five  tons 
W""  °'  were  found  enclosed  in  the  sulphidea     This  magnetite  is   readily 

weigbinK  attracted  by  the  magnet,  and  contains  grains  of  pyrrhotite  and  chal- 

■t^CUia^le    copyrite,  as  well  as  small  portions  of  a  green  silicate.  (^) 

CABBITKRITB. 

Cuaiterita  The  purified  material  from  which  the  analysis  of  sperrylite  was 

d^  Hh  "^^^  **y  P'"0*»8«o''  ^ells,  of  Yale  University,  contained  as  stated,  4.62 
speirylite.        per  cent  of  oxide  of   tin,   in  the  form  of  minute  transparent  grains. 

These  were  carefully  examined  and  pronounced  to  belong  to  the  species 

cassiterite. 

NATIVE  COPPER. 

Native  copiwT  Dendritic  or  leaf-like  forma,  are  occasionally  met  with,  as  at  the 
v"'"^T^  .  Vermilion  mine,  where  a  few  specimens  of  chloritic  schist  were  obtained. 
Copper  Clifl  showing  native  copper,  developed  along  the  planes  of  cleavage.  L.P. 
Silver  has  a  specimen  of  the  diorite,  obtained  from  the  twelfth  level  of 
the  Copper  Cliff  mine,  showing  a  gocd  deposit  of  leaf  copper,  which  he 
considers  must  have  been  formed,  by  the  reduction  of  the  chalcopyrite> 
by  reducing  solutions  leaching  through  the  rock    (^). 

(1)  Quart  Jour.  Geol.  Soc.  Lon.,  Vol.  LIII,  Feby.,  1897,  p.  62. 

(2)  Ann.  B«p.  Bur.  of  Minea,  Ont.,  1903,  p.  281. 
(31  Jour.  Cmi.  Min.  Imt.,  Vol.  V,  1902,  p.  536. 
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NATITB  GOLD. 

Samples  of  the  ore  obtained  from  the   Vermilion    mine   contain  NMiveRoklai 
appreciable  quantities  of  native  gold,  and  apecimeos  may  be  obtained  •  enoilian 
from  this  mine,  showing  abundantly  disseminated  grains  and  strings  of 
gold,  often  of  large  size.  All  of  the  mattes  produced  from  the  Sudbury  ^^  ^^'  mattei 
oroa  contain  gold,  the  percentages  of  this  metal,  varying  in  the  beaaemer  appreciable 
matte,  from  strong  traces   to  0.3  oz.  per  ton.     The  average   amount  ^"^^^.'^ 
would  be  about  0.15  oz.  of  gold  per  ton,  although  Silver  (>)  reports 
having  found  0.75  oz.  of  gold,  in  a  matce  which  contained  39,61  per 
cent  of  nickel  and  cobalt,  and  42.75  per  cent  of  copper. 


Dr.  Coleman  (*)  reports  haviag  found  a  fev  scales  of  graphite,  in  Graphite 
le  couniry  rock,  occurriogon  the  dump  at  the  Lady  Macdonald  mine.  ^V'^}?^ 


CCBAHITB. 

David  H.  Browne  (*)  for  some  time  chemist  to  the  Canadian  Copper  Cubanite,  a 
Co.,  at  Copper  Cliff,  found  this  mineral,  which  is  represented  by  the  ^^^"^ 
formula  Cu  Fe,  S4  =  sulphur  35.4,  copper  23.3,  iron  41.3=  100.0,  in  nuHting 
the  roast  heaps,  being  one  of  Uie  product»<  formed  during  the  roasting.  Browne. 

In  addition  to  the  above  mineral  varieties  mention  may  be  made  of 
the  fact  that  quartz,  calcite,  dolomite  and  ankerite  are  found  in  associa- 
tion with  the  massive  sulphides,  but  these  minerals  are  relatively  very 
unimportant,  and  even  at  such  deposits  as  the  Victoria  mines  consider- 
able quartz  has  to  be  added  to  the  furnace  charges  on  account  of  the 
basicity  of  the  associated  rocks.  Nearly  all  of  the  gangue  occurs  as 
intermixed  norite  or  diorite. 

Composition  of  the  ore-bodies. 

The  ore  bodies,  with  which  the  nickel  and  copper  are  immediately  ore  bodies 
aEsociated,  consist  essentially  tit  a  mixture  of  sulphides,  in  which  pyrrho-  ""ladB  up 


proportionately  much  less  than  the  pyrrhotite.     It  has  been  conclu- pni 
sively  proved  by  means  of  themoKaotic  separations  carried  on  by  Browne,  ^"flii'^^'-t 

(I)  Jour.  Ciiii.  Min.  Inst.,  Vol.  V,  1902,  p.  634.  form  oE  p«ii- 

(3)  Ann.  R«p.  But.  o(  Mines,  Out.,  1903,  p.  284.  tlundite. 

(3)  Ann.  Rep.  Bur.  o(  Mines,  Onl.,  1903,  p.  28*. 
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OocMionallj     as  much 


Walkw'i 
belief  tbat  th. 

pbously  _ 


>Ull>lll' 


Presenct!  and 


Other  impuri- 


Relation  of 
■ulpbidee  to 
one  uiothin'. 


Sorting  bj 
practicable. 


Dicktioii  and  the  writer,  tbat  the  nickel  present  in  these  ores  la  all 
contained  in  the  pentlandtte,  although  the  first  mentioned  aathoritjris 
still  inclined  to  the  belief,  that  the  small  amount  retained  by  the  mag- 
netic portion  or  pyrrhatite  propwr,  occurs  in  part,  at  least,  as  an  essen- 
tial constituent  of  the  pyrrhotite.  This  pentlandite  is  usually  very 
finely  and  aniformly  distrihuted  thronghont  the  whole  mass,  althouj^b 
in  certain  mines  as  the  Creighbon,  Copper  ClifT,  Kvana  and  very 
itioeably  the  Worthington  mine,  it  occurs  in  spots  and  patches,  often 
half  an  inch  to  an  inch,  or  even  more,  in  diameter,  of  fairly 
pure  material.  The  relative  abundance  of  this  nickel-iron-sulphide, 
determines  the  richness,  or  otherwise,  of  the  oontaining  deposit.  Pyrito 
also  contributes  to  the  formation  of  these  deposits,  and  much  of  it  is 
ni  keliferous.  Present  opinion  varies  somewhat  in  regard  to  the  form 
in  which  the  nickel  is  present  in  thin  compound.  Dr.  Walker's  re* 
searches  tending  to  prove,  that  this  element  replaces  isomorphonsly  an 
equivalent  amount  of  iron  in  chemical  combination,  while  others  regard 
intermixed  pentlandite  as  the  source  of  the  nickel.  Certain  other 
sulphides  of  nickel  already  mentioned  and  described,  also  contribute  to 
the  unusual  richness  of  these  deposits,  but  theseare  relatively  much  less 
important,  and  many  of  the  occurrences,  where  such  minerals  are  present, 
are,  so  far  as  known,  of  no  commercial  importance.  A  varying  amount  of 
gangue,  usually  of  the  associated  eruptive,  but  occasionally  also  of  the 
older  green  schists,  greywackee  and  even  quartzite,  is  always  present. 
The  percentAge  of  such  intermixed  rooky  matter  is  sometimes  unusually 
large,  as  in  certain  portions  of  the  Elsie  and  Murray  mines,  where 
materia]  has  been  used  in  Urge  amount,  which  consists  of  sulphides  and 
rock  in  about  equal  proportion,  while,  in  other  instances,  as  at  the 
Creighton  and  Victoria  mines,  the  sulphides  are  so  pure  and  massive 
that  large  quantities  of  associatf  d  norite  have  to  be  added  to  the  furnace 
charge  to  act  as  a  flux.  Magnetite,  and  certain  of  the  silicates,  peculiar 
to  the  norite,  usually  more  or  less  decomposed,  such  as  hornblende,  acti- 
nolitej  serpentine  or  chlorite  are  almost  always  present.  A  comparatively 
small  amount  of  quartz,  calcite,  dolomite  and  very  occasionally  crys- 
tals of  tourmaline  molybdenite  and  apatite  are  also  found. 

The  pyrrhotite  and  chalcopyrite,  are  not,  as  a  rule,  so  intimately 
commingled  as  to  form  a  homogeneous  mass,  but  e&cb  may  be  described 
as  occurring  iu  pockets,  spots,  bunches  or  threads,  in  the  other.  The 
chalcopyrite  is  not  so  closely  intermixed  with  the  pyrrhotite  but  tends 
to  isolate  itself  rather  in  patches  or  opots,  usually  enclosing,  but  occa- 
sionally enclosed  by  the  pyrrhotite.  1 1  is  sometimes  possible  to  separate 
considerable  masses  of  chalcopyrite,  assaying  over  30  per  cent  of  copper, 
or  pyrrhotite,  that  will  only  show  tracesof  that  metal.  Inpractice,  how- 
ever, careful  examinatioo  and  trial  have  proved  that  the  two  minerals 
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are  too  intimAtelf  aasociated,  to  make  Borting  by  band,  at  all  practicable. 
Although  the  chaloopyrite  seldom  occurs  free   from  the    pyrrhotite, 
large  aod  maasiva  deposits  of  the  latter  occur  comparatively  free  from 
copper.    The  first  ore  abipped  from  the  0«rtmde  mine,  w&a  so  free  Mftsseeof 
from  copper,  that  it  was  proposed  to  utilize  it  for  the  production  of  ^^r^coiupar' 
ferro-nickel,  and  this  deposit  was  purchased  by  the  Lake  Superior  Jj^^'i,!^ 
Power  Company,  with  this  object  in  view.     Analyses  made  of  &  large  pyrite. 
mass  of  the  Creighton  mine  ore  obtained  near  the  surface,  show  the 
nickel  to  vary  from  4.87  per  oent  to  5.31  percent,  with  0.72  per  cent  to 
1.20of  copper.  The  prevailing  intimacy  of  association,  however,  of  the  Partial 
pyrrhotite  and  chalcopyrite,  will  perhaps  be  better  appreciated  by  men-  the  nrea  from 
tion  of  the  6M(t  that  hand-picked  specimens  from  the  Evans,  Stobie  and  ^5^^^* 
Copper  Cliff  mines,  collected  and  analyzect  by  Mr.  Browne  ( ' ),  showed  minen. 
the  presence  of  from  13.86  to  15.71  per  cent  of  copper  with  a  sufficient 
quantity  of  intermixed  pyrrhotite  and  pentlandite  in  the  same,  to  assay 
from  1.28 to  2.47  pe^ centofnickel.  On  the  other  hand,  selected  nickel 
ore  from  Copper  Cliff  mine,  with  8.12  percentof  nickel,  contained  only 
0.80  per  cent  of  copper, while  similarly  picked  ore  from  the  Evans  mine 
containing  5.36perceiitof  nickel  showed  the  presence  of  only  0.49  per  Nickel  »iid 
cent  of  copper.     In  certain  of  the  deposits,  as  for  instance,  at  the  main  ^^"^iJJ*"  *' 
shaft  of  the  Victoria  mines,  the  nickel  and  copper  are  almost  identical  """"o.' »' 
in  quantity,  assays  of  a  large  number  of  samples,  neglect  ing  the  insolu-  mine«. 
ble  matter,  showing  the  presence  of  3.66  per  cent  of  each  metal.  At  the 
Dominion,  Murray  and  Elsie  mines,  the  nickel  is  usually  nearly  double  ^'"^^  iKvIy 
that  of  the  copper.    Thus,  Mr.  George  Altwood,  M.  E.,  ('),  at  one  time  copper  at 
managerof  the  Dominion  Mineral  Company,  under  date  of^Marah  18th,  ^^"^'|]'' 
1891,  stated  that  the  'kies  '  or  metallic  portionoftheBlezardmine,aver.  Mumy 
aged4  per  cent  of  nickel  and  2  per  cent  of  copper  this  result  being  the  ^swya  ot 
average  of  a  large  number  of  assays,  as  also  of  the  practical  working  of  ^v!^.'!^' 
the  mine.     About  the  same  date,  Mr.  F.  R.  W.  Daw,  then  manager  at  mine, 
the  Murray  mine,  stated  that  an  average  of  the  ore  smelted  at  this  mine,  \fg^yf  of  ore 
contained  1.5  per  centof  nickel  and  0.75  per  cent  of  copper.  Other  assays  *'?™  Murray 
of  an  averse  sample  of   ore  from  this  min^,  show  0.9  per  cent  of  cop- 
per, with  1.5  per  cent  of  nickel  and  46  per  cent  of  insoluble,  or  the  equi- 
valent of  t.66  per  cent  of  copper  and  2.76  per  cent  of  nickel,  in  the  pure  Prpjxjiideran- 
Bulphide  material.  of  "f  nickel  in 

bertrvide  ■nd 

The  Gertrude  and  the  Creighton  mines,  and  especially  the  latter  are  Orei^hton 
deposits  in  which  the  nickel  is  often  present  in  the  ore  in  the  propor- 
tion of  3  or  4  to  1.     In  the  first  years  of  the  development  of  the  mines  Coptier 
of  Uie  Canadian  Copper  Company,  the  copper  was  greatly  in  excess  of  lx^e«  in  iirat 
the  nickel,  and  assays  of  specimens  of  raw  ore,  taken  without  selection  ^f^"  f  ''^'^' 

"  (1).  EDg.'aiid  Min.  Jour.  Deo.  2nd.  1893,  Vol.  LVI.  p.  566.  m^ST^  ^'* 

(2).  Anu.  Rep,  Geol.  Surv.  Can.,  VoL  V,  189M1,  Part  F.,  p.  62. 
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from  these  mtnea,  ahowod  «  range  in  copper  from  4'03-  9'98  per  cent, 

with  ftQ  aversige  of  644  per  cent,  while  the  nickel,  in  the  mme  apeci- 

meoB,  varied  from  1'12  per  cent  to  4'21  per  cent,  with  an  average  ot 

2*36  per  cent.     This  preponderance  of  the  copper  was  maintained  for 

ProportioD  of  Boi»B  time,  for  an  average  of  two  eamples  of  the  blast  furnace  matte, 

nickri  Mid       taken  22nd    Febmarr,  1889,  and    the  2nd  March,  of  the  same  year, 

mattMfiam     showed  oopper36'9I  per  cent  and  nickel  14'14  percent.  About  the  same 

mine!"'""        time,  the  Dominion  Mineral  Company  produced  mattes,  containing  from 

AnalTMsof      18  to  20  per  rtent  copper  and  24  toS6  percent  nickel.  At  the  present  time, 

^'*Co'*^       however,  this  condition  of  afihira  is  reversed,  and   two  specimens  of 

this  matte,  analyzed  by  Mr.  Donald  Locke,  of  this  Department',  showed 

Percentage  of   14'53  per  cent  and  14'69per  cent  of  copper  with  nickel  26'34  percent 

th^o^"         "»d  2817  per  cent,  respectively. 

The  nickel  present  in  the  pynhotite  of  the  Sudbury  District,  varies 
usually  from  2'26  per  cent  to  550  per  oent,  the  lower  figure  being 
charaotertstic  of  such  deposits  as  the  Stobie,  Murray  and  blsje  mines, 
while  the  latter  is  approached,  and  at  times,  exceeded  by  the  ore  of  the 
Creighton,  Victoria,  Blezard,  Copper  Cliff  and  Evans  mines.  Small 
specimens  are  occasionally  met  with  which  contain  as  high  as  30  per 
cent  of  nickel,  as  at  the  Worthington  mine,  but  such  material  is  only 
obtainable  by  careful  hand-picking,  at  either  the  Wortbington  or 
Creighton  mines  These  ores  contain  appreciable  quantities  of  cobalt, 
Amnunt  of  Sottli  silver,  and  metals  of  the  platinum  group.  Cobalt  is  almost 
^^'  invariably  present,  but  in  most  of  the  assays  of  the  ores,  which  have 

been  made,  it  is  includcid  with  the  nickel.     The  cobalt  is  usually  very 
uniform  in  amount,  in  the  proportion  of  I  to  40  or  50  of  the  nickel 
present.    The  amounts  of  the  rarer  elements  such  as  gold,  silver  and 
Gold  rilver      platinum  are,  usually  so  small,  that  the  proportions  of  these  csn  be  best 
•nd  plmtinuDi   determined  by  analyses  of  the  bessemer  or  higher  grade  mattes.  Anal- 
apprecUble      yses  of  this  product,  which  are  available,  containing  about  80  per  cent 
qiiwitities.       ^^  combined  nickel  and  copper,  contain  from  01 0  to  0-20  02.  of  gold  with 
an  average  of  probably  about  0'15  oz.  to  the  ton  of  2,000  lbs.,  although 
L.  P.  Silver  (*)  obtained  as  high  as  0-75  ot.  of  gold,  in  the  high  grade 
matte,  ofthe  OrfordCopperCompany,  containing  39'64percentofnickel 
AmoDDC  of       '*'>('  cobalt  and  42'T5  per  cent  of  copper.     Locke,  of  the  Geological 
^'^  m!r"     Snrvey,  shows  that  in  this  same  matte,  coaUining  40-37  per  oent  of 
nickel  and  24-95  per  cent  of  copper,  only  0-10  oz.  of  gold  per   ton  is 
present.     In  the  matte  produced  by  the  Mond  Nickel  Company,  con- 
Amount  of       taining  41-68  per  cent  of  nickfland  37 -37  per  cent  of  copper,  this  same 
i'n"'*'ttor*"*  chemist  found  ^j  of  an  oz.  of  gold. 

The  silver  in  the  ore  is  still  more  variable,  as  Locke  found  2-5  oz. 
to  the  ton,  in  the  Orford  Copper  Company's  matte,  and  4-87  os.  U>  the 
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ton,  in  the   mntte  prodnoed  by   the  Mond  Nicke}  Company.   J.    W. 

Bftin's  {')  ftnalyaiB  shows  5-1  oz.  to  be  present  in  the  Orford  Copper 

Compiuiy's  matte.    L.  F.  Silver  shows  that  S'30  oz.  are  present  in  each 

ton,  while  TJlk^  stAt«s  that  7  os.  of  silver  are   present  in  this  same 

matte.    The  platinum,  as  already  mentioned,  is  directly  associated  with  perc«iuu{^  o 

the  chalcopyrite,  and  therefore,  sbovld  be  found  in  uaattee  which  are  ^j^g^*" '" 

relaUvely  richer  in  copper.     Locke  found  that  the  Orford  matte 

contains,  0'4i  oz.  per  ton  of  metaU  of  the  platinum  group,  while  the 

Mond  Nickel  Company's  matte,  contains  04  oz.  per  ton  of  these  same 

metals.     TJlke   mentions  that  the  platinum  and  palladium,  in  about 

equal  amounts,  together  made  up  about  050  oz.  par  ton,  while  L.  P. 

Silver  has  secured  the  same  result. 
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BIPUNATI0N8. 

AuJ^Ms  by  1.  Average  of  nine  analyses,  made  by  F.  L.  Spwry,  of  raw  ore  taken 
-  perry,  ^ithom  selection,  from  the  Ck>pper  Cliff,  Evaoa  and  Stobie  mines,  of  the 
Cunadjan  Copper  Co.,  in  November,  1888.  la.  Average  of  Copper 
Cliff  mine  ore,  for  year  1890.  (Ann.  Bep.  Geol.  Surv.  Can.  Vol.  V, 
1890-91,  Part  F,  p.  61.) 
AnMy^^  Analy8ea,3,3,&,6,8,  9, 10, 11,  12,  13,  IP,  are  by  David  H.Browne, 
'  chemist  to  tht  Canadian  Copper  Company.  (Eng.  and  Min.  Jour. 
Dec.  2ad  189;^,  p.  566). 

Analysis  8a.    Average  of  Evans  mine  ore  for  the  year  1890.    (Ann. 
Rep.  Geoi.  Surv.  Can.  Vol.  V,  1890-91,  Part  F,  p.  51.) 

C^rn'"'         Analyses,   4,  7,  U,  16,  17,  18, 19,  20,  21,  22,  23,  26,  are  from  the 
Coi>per  Co.       catalogue   of  the   mineral   exhibit  of  Ontario,  at  the  PaQ-American 
Exposition  of  1901.  pp.  33  and  35. 

Analysis  12a.     Average  of  Stobie  mine,  for  the  year  1890.     (Ann. 
Rep.  Geol.  Surv.  Can.  Vol.  V,  1890-91,  Fart  F,  p.  51.) 
Aitalysesby         Analysis  30,  is  the  result  of  a  nnmber  of  analysesof  averagesamples, 
son.  by  Mr.  C.  W.  Dickson,  (Trans.  Am.  Inst.  Min.  Eng.,  Albany  meeting, 

Feby.,  1903). 
Analyiei  by        Analyses  2i  and   25,  are  by  Mr.  Donald  Locke,  of  the  Geological 
DonddLocVe.  g^^vey  Department,  Ottawa,  of  material  obtained  within  a  few  feet  of 
the  surface. 

Analysis  37,  is  the  result  of  an  average  of  a  large  nmnber  of  assays 
ot  samples  of  raw  ore,  from  the  Victoria  mines,  as  supplied  to  the  smel- 
ler, by  T.  M.  Paris,  the  chemist.     The  insoluble  amounted  to  an  aver- 
age of  16-81  per  cent. 
Aoi^yMaby         Analysb  28,  is  the  aver^^  of  the  raw  ore,  for  July,  1902,  by  T.  M, 
T.  M.  Parii.     p,j,^  chemist  to  the  Mond  Nickel  Company.  Insoluble,  17-2  per  cent. 
Analysis  29,  is  the  average  of  the  raw  ore  for  September  1902  by 
T.  M.  Paris,  chemist  to  the  Mood  Nioket  Company.     Insoluble,  139 
per  cent. 
AnalysiB  by  Analysis  30,  is  the  result  of  an  analysis  of  the  pyrrhotite,  from  the 

T.  L.  Walker.  Worthington  mine,  which  contained  a  large  amount  of  pentlandite,  by 
T.  L.  Walker.     (Ann.  Rep.  Geol.  Surv.  Can.,  Vol.   V,  1890-91,  Part 
S8,  p.117.) 
AMlysei  by         Analysis  32,  according  to  Mr.  George  Attwood,  manager  for  the 
MioerairCa.     Dominion   Mineral  Company,  is  the  average  of  the  rosults  of  many 
hundreds  of  assays  of  the  "  kies  "  or  metallic  portion  of  the  ore  of  the 


ib.  Google 


MICKEL  AND   COBALT  IN   fiUDBURT   ORES 


113 


filezard  mine,  bUo  the  practical  workinf;  of  the  mine  on  a  large  scale, 
(Ann.  Rep.  Geol.  Surv,  Can.  Vol.  V,  1890-91,  Part  F,  p.  52.) 

Analysis  33,  ia  the   average   percentage   of  the  ore   smelted  at  the  Anslysea  bf 
Hurraj  mine,  according  to  Mr.  F.  B.  W.  Daw,  the  manager  for  Messrs  ^'q„'     ""*" 
H.  U.  Vivian  &  Co.     The  "  kies  "  or  metallic  portion  of  the  Marray 
mine  ore  contains  on  an  average  of  about  375  per  cent  of  nickel  and 
1-66  per  eent  of  copper. 
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a.cplanatiofia. 

l>eacnptioiu         I'  Association  of  a   socoe what  coarse  granular  pyrrhotile,  with  a 
on 'Sh'""    "■"*"  1"*'"''*y  °^  chaloopyrite,  Id  greenBtone. 

2.  An  iDlimate  association  of  chaloopyrite  and  pyrrhotite,  in  a 
gangue  of  greeaatune. 

3.  A  somewhat  coarse  granular  pyrrhotite,  associated,  with  small 
quantities  of  chalcopyrite,  from  what  was  then  known  as  the  McCor 
mick  mine. 

4.  Pyrrhotite,  in  association  with  small  quantities  of  dark -coloured 
greenstone. 

5.  Pyrrhotite,  with  a  trifling  amount  of  chalcopyritf*,  with  greenstone. 

6.  Prrrhotite,  with  a  little  chalcopyrite,  with  greenstone. 

7.  Pyrrhotite,  with  a  small  proportion  of  greenstone. 

8.  Pyrrhotite,  with  a  little  chalcopyrit«,  through  which  was  diasemi. 
nated  a  trifling  amount  of  a  quartzoae  gangue. 

9.  A  somewhat  coarse  granular  pyrrhotite,  through  which  was 
disseminated  a  small  amount  of  quartz, 

10.  A  somewhat  coarse  grunutar  pyrrhotite,  through  which  was 
di^scmiuated  a  quartzoae  gangue. 

11.  A  very  coarse  granular  pyrrhotite,  free  from  gangue. 
13.  A  somewhat  coarse  granular  pyrrhotite,  with  a  very  small  amount 

of  chalcopyrite,  in  association  with  greenstone. 

1 3.  A  coarse  granular  pyrrhotite,  with  a  small  amount  of  chalcopyrite. 
The  gangue  was  readily  discernible. 

These  analyses,  1  to  13,  were  done  in  the  chemical  laboratory  of  the 
Geological  Survey  Department,  by  Messrs  R.  A.  A,  Johnston  and  F.  G. 
Wait,  assistants  to  Dr.  (i.  C.  Hoffmann.  (Ann.  Rep.  Geol.  Surv.  Can. 
Vol.  \.  1890-91,  Part  R,  pp.  41-44  (Nos  7  to  IS). 

Tub  Sudburt  PyRRHOTtTE. 

The  composition  of  pyrrhotitc,a3  shown  by  a  large  number  of  analyses, 
is  not  constant,  and  although  repeated  trials  ha\e  been  made  by 
various  chemists  and  mineralogists,  to  obtain  a  formula  whit^h  would 
be  satisfactory,  and  representative  of  this  mineral,  their  attempts  so  far 
have  been  attended  with  only  a  fair  amount  of  success. 
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It  ha^,  therefore,  been  the  custom  to  express  the  oompoaition  of  Fonoula  tot 
pyrrhotito,  by  the  formula  Fe„  Snt,  the  available  analyses,  collected  ^^" 
by  Lindatrdtti  in  1875,  and  by  Habermehl  in  1879,  showing  a  variation 
of  Fe :  S  =  1 :  1.,  1902,  corresponding  to  Foj  Sg,  to  1  :  1.0610  which 
agrees  with  the  formula  Fe,,  S,;.  Habermehl,  from  a  mean  of  14 
determination!),  ten  of  which  were  essentially  identical,  dbowed  that 
the  Bodeamais  pyrrhotite  ooDtaina  60.57  per  cent  of  iron,  thus  con- 
forming closely  to-tbe  formula  Fe,  S^,  the  theoretical  composition  of 
which  would  require  60.40  per  cent  of  iron.  This  material  was  obtained 
on  portions  separated  successively  from  the  fine  powder,  suspended  in 
water  by,  a  strong  magnet.  Doelter,  by  artifical  means,  produced  a 
compound  closely  ret^embling,  if  not  identical  with  the  natural  pyrr 
hotite,  the  analysis  of  which  agreed  with  the  formula  Fei,  S,,. 

This  variation  in  oomposition  has  suggested   the  possibility,  thab  Varidtion  in 
pyrrhotite  is  nob  really  a  definite  species,  in  a  mineralogical  sense  bub  ^p^^otita 
rather,  a  mixture  in  varying  proportions,  of  perhaps  several  closely  BnggsBtH  a 
related  compounds.     Such  a  view  was  regarded  as  also  supported  by  niiiEure. 
the  wide  range  in  the  specijic  gravity  of  the  mineral,  (3.98  to  4.80)  as 
well   as,  observed  differences   in   the   possession   of   certain  physical 
properties,  especially    noticeable  in  regard    to  its  magaetism.     Some 
specimens  exhibit  this  property  in  such  a  feeble  manner,  that  only  the 
liner  powder  is  attracted  by  the  magnet,  while  others  are  ao  intenaly 
magnetic,  as  even  bo  exhibit  the  phenomenon  of  polarity. 

Careful  consideration  of  all  the  facts  available,  suggest,  that  much,  Disc 
at  least,  of  the  discrepancies  in  composition,  can  perhaps  be  better  ^ 
explained,  on  other  grounds.     Thus,  although  it  is  known  that,  a  con-  e. 
siderable  number  of  these  analyses,  were  conducted  on  material,  which 
hod  been  selected  with  great  care,  and  using  every  known  precaution 
to  ensure  a  pure  and  homogeneous  product,  by  far  the  larger  number  of 
deber  mi  nations  were  of  impure,  often  intermixed  m>\terial.     Besides 
the  methods  of  analysis  were  not  always  above  reproach,  so  that  errors 
constantly  occurred,  not  only  in  the  determination  of  the  sulphur,  but 
also  of  the  iron.    In  addition,  even  with  the  possession  of  the  requisite 
knowledge  oranalytical  methods,  as  well  as  skill  in  their  manipulation   Difficulty  of 
jt  is  usually  extremely  difficult,  if  not  impossible,  in  alL  cases,  to  obtain  obtftimng 
sufficiently  homogeneous  material,  on  which  bo  bnse  a  formula,  which  miiteriol. 
would  be  thoroughly  reliable  and  representative.     If  we  regard  pyrr- 
hotite as  a  sulphide,  intermediate  in  chemical  composition  betHv.een  the 
normal  sulphide  FeS  and  the  disulphido  FeS^  it  is  possible  to  obtain 
every  gradation  of  material  showing  a  range  in  the  iron  content,  from 
63-61  per  cent,  to  4660  per  cent,  white  the  sulphur  to  corre'ipond, 
84 
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RjuigB  in         would  show  r  gntdiMl  increaie  from  36-39  per  cent,  to  53*40  per  ceat. 
^^^T^ides.     ^l>ere  ifi,  however,  a  wide  gap  between  Fot  Sg  with  iron  60'40  per  cent 
»nd  ealphur  39  60  per  cent,  and  Fe  Bj  with  iron  46-60  per  cent  nnd 
sulphur  53.40  per  cent.    Those  analyses,  however,  which  have  evidently 
been  conducted  with  the  greatest  care,  show  a  variation  in  formula 
from  Fe, ,  S,j  with  iron  61.60  per  cent  and  sulphur  38.40  per  cent,  to 
Fe,  Sg  with  iron  60,40  per  cent  and  sulphur  39-60  per  cent.     These 
determinations  are  as  uniform  and  accurate   as  could  be  expected, 
from  material  so  manifestly  impure  as  pyrrhotite. 
Difflcuttiea  of       A  satisfactory  and  reliable  analysis  of  Sudbury  pyrrhotite   is,  per- 
raiistSe"'  *      haps  more  than  usually  difficult  to  obtain,  owing  to  the  very  intimate 
aiulysiB  of       sssociation  of  various  closely  related  sulphides.     In  the  first  place,  it 
hotite.  *^3   ^^^  generally   accepted   view,   that   the   nickel   really   replaced 

isomorphously,  an  equivalent  amount  of  irou,  and  was  thus  an  essential 
constituent  of  the  pyrrhotite,  whereas,  it  is  now  a  well  ascertained  fact, 
that  by  far  the  greater  proportion  of  the  nickel,  at  least,  occurs  as  a 
distinct   and    separable   nick  el- iron  sulphide.     Many,    however,    still 
cling  to  the  belief,  that  a  small  portion  of  the  nickel  may  exist  in  a 
state  of  chemical  combination,  but  such  persons  can  find  little  support 
traaence  and   f(,r  this  view,  in  the  fact,  that,  by  repeated  use  of  a  magnetic  separator 
separatiun  of   and  with   material  sufficently  comminuted,  it  is  possible  to  remove 
^"^      '        almost  the  last  trace  of  nickel,  from  a  compound,  which  originally  con- 
tained  from    tl    to   6  per   cent   of   this   element,    while  the  isolated 
nickel-iron-sulphide  or  pentlandite,  is  usually  pure  enough  for  analyti- 
cal purposes.     The  process  is,  however,  tedious  and  repeated  trials  are 
ueceumry,  before  the  pyrrhotite  or  pentlandite  is  obtained  of  the  degree 
of  purity  desired. 
PiQwnce  of  I"  addition,  other  sulphides,  mainly  chalcopyrite,  but  sometimes  also 

ohalcoiiyrite.    pyHte  are  present,  the  foimer  almost  invariably  accompanying  the 
pyrrhotite,  and  all  of  these  are  so  intermixed  with  one  another,  that 
very  fine  grinding,  and  the  assistance  of  magnetism  is  necessary,  before 
a  latidfactoi-y  and  complete  separation  can  be  effected.     Such  a  dis- 
sociation, however,  may  be  conducted  at  the  same  time  as  the  trials 
for  the  elimination  of  the  pentlandite  are  proceeding,  while  this  latter 
mineral,  which  is  itself  feebly  magnetic,  can,  in  turn,  be  separated  from 
the  copper  and  iron  pyrites,  which  do  not   possess  the  property   of 
magnetism,  in  any  sensible  degree.     The   chief  difficulty,    hovever, 
Mi^netiu       encountered  in  the  purification  of  the  pyrrhotite,  arises  from  the  fact 
■Jwftvs'Ve-      *'^^*'  *  ^''""  q>'*n*''ty  •>*  magnetite  (FegO,),  often  amounting  to  not 
■ent  the  chief  igRs  than  1  per  cent  of  the  whole,  is  almost  invariably  present.    C.  W. 
Dickson,  after  a  number  of  experiments,  found,  that  by  treating  the 
sample  with  dilute  (10  per  cent)  solution  of  nitric  acid,  the  pyrrhotite 
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oould  be  largely  removed,  while  the  magnetite  wh  but  little  ftflected. 

The  separated  Bulphor  was  removed  by  means  of  bromine  and  carbon-  ^athods 

*  *  '  for  removal  oi 

bisulphide  ;  and  after  several  treatments,  the  reeidue  of  magnetite  was  iEi([n«ti(e. 
obtained  pure,  and  the  iron  waa  estimated  by  titration.     The  natara 
of  these  operations,  as  he  remarks,  involves  the   possibility  of  some 
loss,  especially  as  the  amount  of  magnetite  is  comparatively  smail,  but^ 
on  the  whole,  the  method  answered  v6ry  welL     The  greater  number  of  Ftamulafor 
the  aaalyjies  indicated  that  the  pyrrhotite  could  be  represented  by  the  pji^i^ta. 
formula  Fe,Sg,  while  two  or  three  others  worked  out  to  Fe,Sg  and 
Fe,S,o.     The  first  mentioned  formula  may  be  regarded  as  the  most 
probable  for  the  pyrrhotite  from  the  Sudbury  District     He  likewise  yormata  (or 
mentions  the  interesting  fact,  that  a  trial  of   a  specimen  from  Ross-  ^f^!v!^^^ 
land,  B.C.,  showed  it  to  be  represented   by  the  same  formula (FegSg ). 

The  pyrrhotite  is  always  massive  and  amorphous,  showing  all  grada.  pj^y^^^ 
tions  of  texture  fiom  very  finely  to  very  coarsely  granular,  thecoaner  pmportieaoC 
viuieties  poraeasing  well  marked  cleavages  in  two  directions.     As  may 
be  seen  by  a  reference  to  the  analyses,  there  is  little  or  no  foundation 
for  the  popular  belief,  that  tfae  coarsely  crystalline  varieties  are  rela- 
tively  poorer  in  nickel,  than  those  which   are  finer  grained.     Good 
crystals  are  extremely  rare,  and  although  occasional  fragments  are 
found  which  are  apparently  bounded  by  crystal  faces,  such  planes  are 
really  the  direct  result  of  cleavage.     Perhaps  the  only  authenticated 
crystal  of  pyrrhotite,  was  obtained  by  Mr.  G,  R.  Mickle,  from  a  man 
working  in  the  Wortbington  mine.     Mr.    Mickle  thus  describes  it: 
'  The  crystal  ia  evidently  a  hexagonal  prism  showing  strongly  marked  D^criptioffl 
basal  cleavage  ;  two  of  the  sides  are  intact  and  portions  of  two  others  "f  Mi™!*'* 
remain.      The    dimensions  are  1^'^  inchps,  or  32mm.,  by  ^  inch,  or  pyrrhotite. 
13mm.;  the   weight  27*4  grains;  and   an  analysis   of  a   very  smalt 
fragment  from  the  crystal  gave  3*3  per  cent  of  nickel.' 

The  colour  of  the  pyrrhotite  is  a  bright  steel-gray  on  fresh  fracture, 
quickly  weathering  to  a  deep  bronze-yellow,  often,  however,  tarnished 
or  iridescent. 

CHALCOPYRITB. 

The  copper  contained  in  the  ore  is  all  obtained  from  chalcopyrito,  ,j^       .-^ 
the  common  sulphide  of  copper  and  iron,  (CuFeS,  sulphur    35  0  per  composition 
cent,  copper  345  per  cent,  iron  30-5  per  ceiit=100-0).     It  isalwaye  pj^^te. 
massive,  with  the  usual  deep  brass  or  yellow  colour.     As  usual,  this  coi^ur 
mineral   is    very   subject  to    tarnish,  and    beautiful  irides^nt  speci- 
mens can  be   obtained  from  the  ore  heaps,  or  scattered   around  the 
works.     The  composition  of  the  ore  varies  greatly,  as  may  be  seen  by 
a  reference  to  the  analyses,  and   according  to   the  preponderance  of 
either  the  pyrrhotite  or  chalcopyrite,  the  resulting  furnace  product  or 
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mfttte  is  relatively  richer  or  poorer  in  nickel  or  copper.  The  minea  of 
the  Canadiftu  Copper  Company,  as  the  name  implies,  vere  first  oper- 
ated for  their  copper  contents  ftnd  it  woa  not  until  considerable  work 
had  been  done  that  niokel  was  discorered  to  be  present  in  the  ore.  A 
large  shipment  of  ore  had  been  made  to  New  York,  and  a  chembt 
there  who  was  making  a  volumetric  determination  of  the  copper  con. 
tents,  bj  the  potassium  cyanide  process,  was  struck  by  the  great 
variation  In  his  results,  which  led  him  to  make  a  more  minute 
examination  of  the  ore,  when  he  found  that  nickel  was  present.  The 
ore  has  now  become  of  more  value  on  account  of  its  nickel,  than  its 
copper  contents,  and  Dr.  Peters  himself,  greatly  doubted,  if  the  mines 
would  pay  to  work  for  copper  alone. 

HICKBL  AND   CODALT   IN   SUDBURT    PYRRnoTlTES. 
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EXPLANATIONS. 

Analyses  1-18  iaclusire,  with  the  exception  of  16a.,  were  made  by  Mr. 
C.  W.  Dickson,  {Trans.  Amer.  Inst.  Min.,  Eng.,  Albany  meeting,  Feb. 
1903)indaplicate or  triplicate,  to  insure  the  greatest  possible  accuracy. 
These  werejnade  to  ascertain  as  accurately  as  possible,  tbeaverage  lyckel 
and  cobalt  contents,  of  the  general  run  of  the  pyrrhotibe,  from  the  whole  Methods 
region.     The  pyrrhotite  was  coarsely  crushed,  and  the  mineral  picked  ™,^„{^  '°' 
ont  as  pure  as  possible,  under  a  lena,  when  necessary.     From  the  mas-  Bamiileii. 
aive  varieties,  good  samples  were  easily  obtained,  but,  in  other  cases,  tha 
pyrrhotite  was  so  intim:itely  mixed  with  chalcopyrite  and  rock,  that  it 
was  very   difficult  to   obtain  satisfactory   samples,  some   rook  always 
adhering  to  the  sulphide.     The  results  obtained,  show,  that  tha  percen- 
tage is   fairly   constant  over   a  wide    area.     The   pyrrhotite  includes 
both  fine  and  coarse-grained.     In  the  case  of  the  coarse  grained  varie- 
ties, where  the  nickel  m'nera]  pentlandite  can  often  be  recognized,  this  EjplMistion 
was  carefully  rejected,  as  far  as  possible.     But  the  difficulty  of  separa-  ,„  rgguju. 
lion  accounts  for  the  fact,  that  some  of  these  varietiaa  show  less  nickel 
than  the  finer  grained  ones,  although  the  former  are   usually  conside- 
rably richer.     Had  the  coarse  grained  samples  been  treated  in  their 
original  condition,  the  results  would  have  been  more  uniform.     These 
analyses,    therefore,    represent  the   nickel    which    is  most  intimately 
associated  with  the  pyrrhotite,  and  does  not  appear  as  particles  of  pent- 
landite. 

1.  Coarse  pyrrhotite,  with  a  small  amount  of  chalcopyrite  and  rock ;  Dpacriptioo  of 
2.  Compact  fine-grained  pyrrhotite,  with  a  small  amount  of  rock  ;  3,  "^^'°^' 
Massive,  fine-grained  pyrrhotite  ;  4.  Pyrrhotite  and  chalcopyrite,  in 
diorite;  5.  Pure,  coarse  pyrrhotite;  6.  Fine-grained  pyrrhotite;  7. 
Massive  pyrrhotite  ;  6.  Coarse  pyrrhotite  ;  9.  Massive,  fine-grained 
pyrrhotite;  10.  Massive,  fine-grained  pyrrhotite;  11.  Ma"Bive,  fine- 
grained pyrrhotite ;  12.  Coarse  pyrrhotite;  13.  Massive  pyrrhotite; 
14.  Massive  pyrrhotite;  15.  Massive,  fine-grained  pyrrhotite;  16. 
Coarser  than  No.  15,  but  with  more  chalcopyrite;  16a.  Analysis  of 
ore  by  Mond  Nickel  Company;  17.  Massive  pyrrhotite  (Tough  and 
Stobie's  property)  ;  18.  Coarse,  massive  pyrrhotite,  from  the  Nor.  hern 
Nickel  Range;  19  and  20  are  analyses  by  Mr.  Donald  Locke.  Analyses 
21  to  26  inclusive,  are  of  ore  selected  for  purposes  of  magnetic  concen- 
tration, by  Mr.  David  H.  Browne.  Analyses  27  to  30  inclusive  are 
by  Mr.  M.  F.  Connor  of  this  Department,  and  were  of  hand-picked 
ore,  as  free  as  possible  from  chalcopyrite  and  ganguo.  All  of  the  speci- 
mens were  of  pyrrhotite,  of  medium-grain,  with  the  exception  of  that 
from  the  Little  Stobie  mine,  which  was  a  very  coarse  cleavable  variety. 
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MODE    OF   OCCURRENCK   OF  THE   SODBUBT   NICKEL  DEPOSITS. 

Most  geolo^ts,  at  least,  who  have  ezamiDed  these  deposits  in  detail, 
are  agreed,  thnt  they  are  not  true  fissure  veins,  and  oltboagb,  at  times 
certain  sloping  surfaces  are  obtained,  which  seem  to  have  a  uniform 
inclination  and  limit  the  distribution  of  ore  in  their  direction,  yet,  it 
seems  certain,  that  there  are  no  regular  walla,  in  the  miner's  sense  of 
the  term,  and  at  both  aides  of  the  deposit,  the  enclosing  rock  is  impreg- 
uat«d,  more  of  less,  with  pyritous  matter.  Although  raining  is  thus 
renfiered  somewhat  dUfi^^ult  and  uncertain,  on  account  of  the  absence 
of  the  walls,  and  irregularity  in  the  dietriljutioD  of  the  ore,  so  that 
there  is  vary  little  means  of  knowing  in  what  direction  to  drive  the 
levels,  this  uncertainty  is  usually  more  than  compensated  by  the 
extent  and  inaasiveness  of  the  deposits,  when  found. 

The  ore  bodies  are  of  irregular,  oval  or  pod-shaped  outline,  and  all 
agree  in  having  their  longer  axes  to  correspond  very  closely  with  the 
direction  of  the  foliation  of  the  enclosing  rocks.  The  shapes  and 
dimensions  of  the  ore  bodies  of  the  International  Nickel  Company's 
mines  at  Copper  ClifT,  are  accnrately  shown  on  the  acuompanying  large 
scale  maps.  There  are  three  main  types  of  these  ore  deposits  in  the 
Sudbury  Mining  District. 

1.  Those  which  occur  at  the  southern  border  of  the  immense  body  of 
hypersthene-gabbro,  or  norit«,  which  reaches  without  interruption,  from 
Drury  to  Garson  townships.  Under  this  division,  are  included  tho  Ger 
trude,  Creighton,  North  Star,  Tam  O'Shanter,  Lady  Violet,  Elsie,  Mar- 
ray,  Cameron,  Little  Stoliie,  Mount  Nickel,  Blezard,  Beatrice,  Kirk, 
wood  and  Cryderman  mines. 

S.  Those  which  are  developed  in  connection  with  offsets  or  dyke- 
like forma  of  the  norite,  extending  suuthward  from  the  main  mass,  and 
which  are  intruded  into  the  older  rocks,  almost  at  right  angles  to  the 
planes  of  foliation  and  bedding.  This  would  embrace  such  mines  as 
the  Victoria,  Clarabelle  (No.  6),  No.  4,  Lady  Macdonald  (No.  5)  and 
No.  2,  and  the  extensions  of  No.  2  mine. 

3.  Those  which  are  associated  withamaller,and  at  present,  completely 
isolated  bodies  of  norite.  These  sepirate  masses  of  the  nickel  bearing 
eruptive,  are  so  cloaely  identical,  in  uineralogical  composition,  structure 
and  behaviour  to  the  parent  eruptive,  that  they  are  probably  connected 
with  it,  in  some  way,  at  a  distance  bslow  the  surface. 

The  original  Copper  Cliff,  No.  1  and  its  extensions,  Evans,  Frood 
(No.  3)  and  Stobie  mines  are  all  examples  of  this  last  mentioned  class. 

The  first  mentioned  division  of  deposits,  are  all  situated  at  the  imme- 
diate contact  between  this  huge  mass  and  the  older  rocks,  into  which 
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it  ia  intruded.    The  intrusive  nature  erf  this  contact  is  well  shown,  the  DMcription  at 
impregnation  of  the  older  green  schists  consisting,  for  the  moetpkrt,  of  "^^j^t.*^'^ 
smaJl,  dyke-like  forms,  or  veins  of  sulphide  material,  injected  along  the 
planes  of  sohistosit;,  while,  on  the  other  side,  the  line  of  sepftration 
between  the  ore-body  and  the  norite  ia  even  more  uncertain,  th«  sul- 
phide raaterial  gradually  fading  out,  until  it  ia  only  represented  by 
occasional  disseminations.     To  the  northwest,  this  basic  rock  shows  a  piffurentia^ 
gradual  difFerentiation  or  passage  into  the  peculiar  and  characteristic  'XmLro^- 
tjpe  of  gneissic  granite,  usually  referred  to  as  '  micropegmabita '.     On  tnatlta, 
the  Levack  or  Middle  Range  (Windy  lake  eruptive),  this  condition  of 
affairs,  is  reversed,  and  we  find  the  deposits  at  the  northwestern  margiu 
of  the  norite,  while  its  differentiate,  the  micropegmatite  lies  to  the 
southeast.     This  same  condition  of  affairs  obtains  on  the  Northern 
Nickel  Range  where  the  norite  comes  in  contact  with  the  older  granites 
«nd  green  schists  on  the  north  side,  while  the  micropegmatite  under- 
lies the  area  to  the  south. 

The  Worthington  and  the  Vermilion  mines  are  the  only  deposits  Worthingt™ 
which  have  been  developed,  having  no  visible  connection  with  the  ■°.<'^«r"'l'™ 
main  moss  of  norite  already  noticed.  As  baa  been  shown  on  a  previous  uected  with 
page,  the  Wonhington  mine  occurs  on  a  narrow  neck  of  actinolite  ^JJ^      '' 
diorite,  which  is,  without  doubt,  the  altered  representative  of  the  older 
norite.     To  the  southwest  and  east,  this  norite  is  directly  connected 
with  a  much  larger  maas  of  basic  eruptive  material.     As  far  as  can  be 
learned,  no  large  deposit  of  ore  was  encountered  at  the  Vermilion  wine, 
aud  the  small  amount  of  norite  found,  resembles    very   cloeely,  the 
decomposed  variety  of  the  older  type  of  this  rock. 

Rounded  hills  of  gossan,  indicating  the  presence  of  the  more  or  leas  si^nificanoeof 
pure  and  unaltered  ore  beneath,  extend  with  almost  unbroken  conti-  occotrenoe  of 
nuity,  for  miles  along  the  line  of  junction,  while  by  far  the  larger  por- 
tiona  of  the  offsets  and  isolated  masses,  with  which  the  ore-bodies  are 
associated,  are  alao  of  a  prevailing  brownish  colour,  from  the  decom- 
position   of    the    abundantly  disseminated   sulphides.     This    gosaan  Explanittioa 
has  resulted,  as  usual,  from  the  alteration  of  the  pyrrhotite  and  chal-  ^  gj^if""" 
copyrite,  and  (he  formation  of  hydrous  oxide  of  iron,  which  gives  a 
prevailing  brownish  colour  to  the  upper  portions  of  the  deposits.  This 
covering  of  iron  oxide  is  sometimes   as  much  as  six  feet  in  depth, 
although  usually  if.  is  only  two  or  three  feet,  gradually  merging  into 
the  unaltered  ore  beneath.     The  depth   to  which  this  gossan  extends  Depth  of 
depends  largely,  of  course,  on  the  length  of  time  the  deposit'^  have  been  sussnn. 
uncovered,  and  thus  exposed  to  processes  of  weathering.     Some,  from 
which  the  green  forest  and  overlying  soil  have  but  lately  been  removed, 
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show  little  or  no  iroo  oxide,  while  others  like  the  Murray  mine  which' 
have  been  exposed  to  the  action  of  the  weatlier  for  years,  exhibit  an 
extensive  covering  of  this  characteristic  decom position  product.   From 
Gouan  (rom    the  EUie  miae,  in  a  northeasterly  direction,  past  the  Murray  mine  as 
northnut.        ^"'^  "^  '^^  boundary  l^tween  McKim  and  Ulezsrd  townships,  a  consider- 
able belt  of   rock  occurs  at  the  imruediate  margin  of  the  norite,  so 
heavily  chargnd  with  sulphides,  that  its  weathered  outcrop  at  the  sur 
Gwu«n  at        face  is  covered  with  this  gossan.    At  the  old  Copper  Cliff  mine,  as  well 
and  Cnfigiiton  **  *'  ^^^  Crcighton  mine,  this  overlying  gossan  is  very  wide  spread 
mines.  (jnd  deeply  impressive. 

B"'«|»''<"'  "f      In  most  cases,  these  ore-bodies  show  a  brecciated  cKaracter,  large 
angular  or   partially   rounded  blocks,  of   almost  barren  rock    being 
mingled  with  the  ore.  Smne  of  these  horses,  as  they  have  been  called,  are 
made  up  of  the  material  derived  from  the  wall  rock,  against  which  the 
pyritous   matter   cooled.     Their  presence,    in    this  coniieciion,  is  no 
Ei|)Unatioa     doubt  due  to  the  shattering  of  the  invaJed  formation,  at  their  contact 
stiM^'"^'    "''*'  '^*  plutonic  magma.     In  fact,  they  form  an  illustration,  on  a 
Bmall  scale,  of  the  phenomenon  oE  '  overhead  sloping ',  so  fully  des- 
cribed and    explained   by    Dr.    R.  A'  Daly.( ' )     In  other   instances, 
however,  this  comparatively   barren  material  is  of    norite  but  such 
inclusions  are  seldom  sharply  dt^fined  from   the  sulphide,  exposures 
showing  a  gradual  transition  from  une  to  the  otlier,  while  the  blocks 
themselves  are  generally  more  or  less  plentifully  impregnat«d  with  lh< 
pre  vni  ling  sulphi<ie. 
NoRTHit  No  great  depth  has  yet  been  reached  by  the  wotkings  of  any  of 

by 'm»i^ll*^  the  mines  of  the  marginal  type  of  deposits.     The  deepest  of  the  shafts 
de)K«it  work-    is  at  the  Blezardmine,  which  has  only  been  sunk  a  distance  of  172  feet 
while  those  of  the  Murray  and  Gertrude  are   160  and  120  feot  deep' 
respectively.     On  the  other  hand,  the  diamond  drilling  undertaken  at 
the  Creighton,  is  stated  to  have  proved  the  existence  of  this  phenom- 
enally large  body  of  nickel  ore,  to  a  depth  of  at  least  400  feet.     This 
Oj-'n  ]jit  at      wonderful  deposit  of  pyrrhotite  has  been  worked,  mainly,  as  a  large 
Cmghton        Qp„j,  pi,^  measuring  150  by  200  feot,  and  extending  to  a  depth  of  03 
feet.    All  of  these  deposits  dip  to  the  north  and  northwest  atan  angle 
varying  from  30°  to  70°. 
Deiiih  ()(  ^^  *''*  mines  belonging  to  the  second  group  of  those  developed  along 

offal' t  del H^'itH.  the  offsets,  the  two  most  important  are  the  Victoria  mine  and  the 
No.  2  mine,  of  the  International  Nickel  Co.,  at  Copper  Cliff.  Tho 
Victoria  mine,  of  the  Mond  Nickel  Company,  with  seven  levels  and 
extensive  slopes,  hai  reached  a  dopth  of  557  feet.  The  No.  2  mine  has 

(1)  Amer.  Jour.  So.  Vul.  XVI.,  IMS,  p.  IW. 
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ftfibrded  a  Urge  amonnt  of  ore,  being  worked,  for  the  most  part  as  a 
large  open  pit,  meaauriDg  about  250  feet  in  length,  b?  100  to  ISO  feet 
in  width,  uid  with  a  depth  of  217  feet. 

The  original  and  famous  Copper  Cliff  mine  has  often  been,  referred  to  Deecription  of 
as  a  chimney  of  ore,  averaging  in  width  from  50  to  1 00  feet  in  the  cross  "^Pffj  ^''"^ 
section,  through  the  shaft,  while  at  right  angles  to  this  direction,  it  va- 
ries from  30  to  210  feet.  The  first  or  old  abaft,  now  in  large  part  aban- 
doned, except  for  pumping  purpoaea  was  sunk  to  a  depth  of   over   500 
feet,  on  an  incline  of  40°,  while  xhaft  No.  2,  or  the  new  shaft  to  take  its 
place,  starts  from  the  third  level,  at  a  distance  of  150  feet  from  the  sar-  Depthroched 
face,  and  continues  at  an  angle  of  TT'SO',  or  approximately  parallel  to^,)^^^ 
the  ore  body,  to  the  Uth  level  (depth  1,056  feet.) 

The  ore  body  of  the  Stobie  mine,  developed  in  connection  with  a  Depth  of 
small  isolated  mass  of  norite,  has  an  inclination  of  65°,  and,  although,  S"™'"  ™'''^- 
the  workings  have  only  reached  a  vertical  dep'.h  of  250  feet,  it  has 
yielded  a  larger  amount  of  ore   than  any  other  mine  in  the  district 
(415,000  tons). 

ORtQIH  Otr  TUB   0B8   DEPOSITS. 

The  question,  as  to  how  these  abnormally  large  masses  of  sulphide  q^^[-  .  „.,. 
material,  acquired  their  present  position  and  dimensions,  has  furnished  <»''  of  much 
a  fruitful  topic  for  speculation  and  discussion,  ever  since  their  first  dis-  »nd  diwiua- 
covery.    Fortunately,  however,  only  two  theories,  with  some  minor  mo-  "'°''- 
difications.  have  been  advanced,  in  explanation  of  the  manner  of  their  Two  principal 
formation,  and  which  may  be  fiummarized  as  follows  : — 

1,  That  the  sulphides  are  directly  of  igneous  origin,  the  products  of  i^euus 
the  differentiation  of  a.  gabbro  or  norite  magma,  being  segregated  along  ""H'">' 
its  margin  in  obedience  to  Soret's  principle,  the  order  of  formation  of 

the  minerals  being  in  accordance  with  Pournet's  series. 

2.  That  these  ore  bodies  are  altogether  of  secondary  and  aqueous  gg^„^^_.  o^ 
origin,  occurring  as  rcpUceuients  along  crushed  and  faulted  zones.         w^utouB 

The  extreme  advocates  of  either  theory,  seek  to  ignore  the  share  of  Rktmne 
the  other  in  forming  these  deposits,  as  they  exist  at  present.      Thus,  (joth^irories 
those  who  originally  held  that  theiie  ores  were  the  immediate  product  ■si'o'^  certain 

.  ..,.,,■-  ,  ,      -         ,      evidence. 

of  magmatic  segrpgntion,  failed  to  mention,  or  at  least  emphasize  the 

possibility,  that  those  deposits,  were,  in  any  way,  influenced  by  the  pre- 
sence of  these  betted  solutions,  which  to  a  certain  extent  accompany, 
and  in  all  casej  immediately  follow  all  plutonic  action.  On  the  other 
hand,  those,  who  cons  der  these  deposits  as  of  secondary  origin,  in  seek- 
ing to  explain  the  source  of  the  metals,  although  they  acknowledge  as 
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sfftct,  'thftt  the  uaiveraal  uaociktion  of  these  ores  with  esaenti&U; 

■imitar  rooks  is  also  striking  '  and  again  '  that  the  norite,  (or  gabbro) 

has  an  intimate  connection  with  the  development  of  the  ores  cannot 

be  doubted,  but  in  jnst  what  way  they  are  related  is  not  clear ',  still 

at  the  same  time,  they  nallify  any  effect  which  mif;ht  be  produced  by 

such  information,  by  a  statement,  to  the  effect,  that  '  an  appeal  must  be 

made  to  a  more  distant  source  of  the  metals,  probably  minutely  dia- 

GAmioated  in  the  rocks  through  which  the  depositing  solution  psssed.'  (') 

Fint  BUte-  Tbe  writer,  who  was  one  of  the  first  to  affirm  a  direct  igneous  origin 

to^or^n^"^  for  these  Sudbury  ores,  giving  independent  expression   to  precisely 

these  sulphide  similar  views,  which  about  the  same  time  were  stated,  in  much  more 

Ot-pOHjtH. 

detail,  by  Professor  J.  H.  L.  Vogt,  of  Christiania,  Norway,  realizes  the 
fact  that,  in  the  first  endeavour  to  fix  definitely,  the  responsibility  for 
these  unusual  occurrences,  too  much  emphasis  was  perhaps  given  to  the 
idea  of   magmatic   differentiation,  as   in   iteetf,  giving  an  adequate 
Magnwtic        explanation  of  all  the  phenomena  witnessed.  This  can  only  be  excused 
.iu^ghln  ""  °"  *^*  ground  that,  this  doctrine  as  applied  to  ore  deposits,  was  an  en- 
thenuiDthe    tire  in  no  vat  on,  and  ite  strongest  affirmation,  was  at  first,  very  necessary 
tion  is  not  the  in  order  to  effect  its  recognition  as  a  previously  ignored,  though  impor- 
but?n«c»ittB    **"''  ^*'^**'''  '■*  ""^  development  of  ore  deposits.     More  recent  and  de- 
to  the  forma-    tailed  examination  of  the  various  ore  bodies,  has  shown  that  while  the 
ore  depoBito,     ''"*  hypothesis  of  a  segregation  of  these  sulphides,  directly  from  the 
magma,  is  in  the  main,  the  true  explanation  of  their  present  position, 
other  agencies,  which  are  usually  grouped  together  under  the  name  of 
secondary  action,  have  contributed  rather  largely,  to  bring  about  their 
unusoal  dimensions. 
Prof  K*Dii)         ■*'  Professor  Kemp  remarks,  ('')  '  increasing  experience  leads  us  to 
regarda  look  with  especial  favour  on  the  igneous  rocks  as  the  original  source  of 

u  original       ^^^  ore,  whose  widely  disseminated,  although,  when  considered  in  com- 
BourcKofore.    parieon  with  their  mass,  whose  small  percent^es  of  all  the  metals,  ex- 
cept the  invariably  abundant  iron,  suggest  to  us  original  stores  for  lea- 
ching.    We  are  also  attracted  to  them,  as  a  source,  beiMuse  without 
doubt,  all  other  rocks  must  be  ascribed  to  them  in  the  last  ansJysia  ; 
because  they  are  so  often  in  close  a'Mociation  with  ores  as  mined,  and 
because,  above  all,  they  are  the  natural  slimulatoi-s  of  those  heated  so- 
lutions, to  which  we  can,  with  most  reason,  .attribute  the  results.' 
At  the  present  day,  fused  magmas  are  regarded  as  more  or  less  com- 
"?"f°'.  plex  solutions,  which,  by  reason  of  their  high  temperatures,  obey  the 

regard  to         Same  Uws  in  the  order  and  method  of  their  solidification,  as  those 
use  mngmae.  ^^^j^jj  govern  the  crystallization   from  ordinary  solutions,  of  a  sirai- 
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larly  heterogeneous  composition.     A  study  of  thin  ^ectiong  of  igneous 
rocks,  under  the  microscope,  reveals  the  fact,  that  a  certain  definite 
order  in  the  generation  of  the  componeat  minerals  is  always  observed, 
-which  is  closely  followed,  in  the  cooling  of  any  body  of  magma.    Thua,  Order  of 
in  a  gabbro  or  norite  loagiu^,  the  oxides  of  iron  and  titanium,  the  componeut 
sulphides  of  iron,  nickel  and  copper,  zircon  and  apatite  are  the  first  to  ^(,'^^^,^  t>y 
crystallize.     These  are  followed  by  the  ferromagnesian  silioates,  olivine,  mioroscop*. 
hyperethene,  biotite  and  diallage.  The  plagioclaae  may  antedate,  accom- 
pany or  immediately  follow  the  crystallization  of  one,  or  more  of  the 
coloured  constituents,  depending  on  Its  basicity,   while  quartz  is  inva- 
riably, the  last  to  form,  filling  up  all  the  irregular  interspaces  remaining. 
One  of  the  main  laws,  governing  the  crystallization  from  a  solution,  or  Laws  kovdiii- 
an  igneous  magma,  is  known  as  Soret's  principle,  according  to  which,  the  H^^^^' 
dissolved  matter  is  concentrated  in  the  coolest  part  of  the  solution,  maxmw. 
Gravity,  temperature  and  pressure  are  also  importaat  factors,  but  these 
have  not  yet  been  deeply  investigated. 

Perhaps  one  of  the  most  significant  developments  of  modern  petro- 
graphic  geology,  has  been  the  recognition  of  the  fact,  that  an  originally 
homogeneous  molten  mass,  tends  to  so  separate  or  split  itsolf,  npon  cool- 
ing, as  to  ultimately  produce  rocks  of  varying  composition.    This  fact.  Definition  of 
bearing  so  intimately  on  the  genesis  of  igneous  rock?,  has  caused  the  ^I^t'Ji'tion,' " 
formulation  of  the  hypothesis  known  as  magmatic  differentiation.  The 
hypothesis  may  be  briefiy  described  as  the  division  or  difierentiation  of 
a  more  or  less  viscous  magma,  or  fused  mass  of  rock,  into  chemically  and 
minera logically  diverse  parts,   which  on  cooling,  yield  correspondingly 
difierent  types  of  rocks.      It  would    be  manifestly   unwise    tn  this  con-  Unnecessary 
neotion,  to  enter  into  any  detailed  explanation  of  this  very  generally  hymthe^a  at 
accepted  hypothesis,  as  the  conditions  attending  the  consolidation  of  a  length, 
large  body  of  magma,  are  now  believed  to  be  much  more  complex  than 
at  first  supposed.  Moreover,  our  knowledge  regarding  these  conditions.  Our  know- 
and  the  several  processes  which  are  no  doubt  involved,  is  so  vague  and  incomplete. 
iucoroplet«,  that  do  full  or  satisfactory  explanation  can  yet  be  offered  ' 
of  this  phenomenon.     All  geologists  of  repute  aiv,  however,  agreed  on 
t  he  main  fact,  that  magmatic  differentiation  fui  nishes  the  only  reason  au  geologists 
able  explanation  of  most  of  the  observations  made  in  connection  with  '^'t!^.'''' 
any  extended  exposure  of  igneous  rocks.  fiyiwtheaia. 

Applying  these  principles  to  the  geological  relations  of  the  Sudbury  3u^i,urv  ore 
gabbro  or  norite,  and  the  associated  sulphide  deposits,  the  subjoined  bodies  mKinljr 
facta  seem  to  furnish  unanswerable  proof  that  the  hypothesis  of  a  from  mognia. 
w>gregatioa  of  these  ore  bodies,  directly  from  the  magma,  is,  in  the 
main,  the  true  explanation  of  their  position. 
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Deposits  all  1.  The  deposits,  without  exception,  all  occur  at  the  margin  of  the 

margin  oC  the  g'^l'bro  or  norite,  the  rock  itself  in  immediate  Bssociation  with  the  ore 
norite.  being  finer  in  texture  and   relatively  much  more  basic  in  compoaition, 

than  portions  further  removed  from  the  contact.  There  is  a  very  gradual  ■ 
iocreafle  in  the  basicity  of  the  gabbro,  outward  from  the  micropegma- 
tito,  although  a  rather  abrupt  transition  takes  place  in  the  immediate 
DAighborhood  of  the  contact.     The  sulphides  are  also  finer  grained 
near  the  contact,  while  further  away,  they  becomeooarser  grained.  {') 

more'shsTply        ^"  "^^^  Sulphides  are  always  much  more  sharply  defined  against  the 

defined  walls  of  the  intrusion,  than  on  the  inner  side  towards  the  main  mass 

T^U  of  the      °^  ^be  gabbro,  the  transition  in  this  direction  showing  a  more  gradual 

intnwion.        decrease  in  the  amount   of  ore  in  the  rock,  as  the  contacts  are  left 

This  phenomenon,  as  has  been  intntioned,  Is  explained  by  the  fact, 

that  the  sulphides  in  obedience  to  Soret's  principle,  become  concentrated 

towards  the  cooling  surface  of  the  masa. 

Deposits  3,  These  deposib>  are  always  found  in  such  intimate  association  with 

inintiniBt4i      the  norite  or  hypers thene-gabbro,  that  we  are  foi'ced  to  the  conclusion, 

w?th'nor^t       *'^**'  '■''^  ****  bodies  stand  in  some  genetic  relation    to  this  plutooio 

igneous  rock.     This  la  n'.t  only  true  in  regard  to  the  Sudbury  District, 

but  is  also  the  invariable  association  of  prt^cisely  similar  deposits,  found 

tn  Korway,   Sweden,    I.K>nibardy  and   Fenna^lvania.      The   importance 

of  geological  studies  in  connection  with  ore  deposits,  is  emphasized  by 

the  fact,  menttoued  by  Adams,  (-)  that  ahhough,  in  these  neveral  widely 

separaleil  countries,  the  pyrrhotite  deposit",  associated  in  the  manner 

described,  with  the  gabbr^ix,  are  so  rich  in  nickel,  the  celebrated  Fahl- 

lahlbanda       bands  o(  Norway,  which  are  bedded  or  apparently  bedded  deposits, 

d'a  ^id    consisting  of  heavy  impregnations  of  pyrrhotite,  pyrite,  chalcopyrite. 


rkT" 


much  Bmnll^i 


etc.,  but  occurring  in  gneisses  and  schists  of  various  kinds,  contain 
hardly  any  nick'  1,  hundreds  of  analyses  showing  the  nickel  and  cobalt 
contents,  to  range  from  O'l  to  0'5  per  cent,  and  what  is  still  more 
remarkahtp,  the  same  is  true  of  the  similar  Fahlbands,  associated  with 
our  Laurentian  in  Canada,  so  far  as  these  have  been  examined.  In 
these,  the  pyrrhotite  and  pyrite  is  present  in  large  amount,  and  is  often 
a-^socisted  with  coppe>  pyrites,  but  only  a  very  small  quantity  of  nickel 
and  cobalt,  ranging  from  faint  traces  toO'lGper  cent,  occurs  in  the  pure 
sulphide  materinl.  In  addition,  pyrrhotite,  chalcopyrite  and  pytite  occur 
sometimes,  in  promising  quantities,  in  the  older  grefn  schists  and  tuEh 
of  the  Sudbury  District,  but  even  the  richest  of  these  deposits,  were 
shown  by  analyses,  to  contain  a  much  smaller  amount  of  nickel,  ranging 
from  045  to  096  per  cent,  in  the  pure  pyrrhotite. 

(D^iiart.  J.iur.  GboI.  Hoc.  Lot..,  Vol.  LlII,  1H!I7,  p.  ;<2. 

(2)  'On    ttie   IgiiM)UB  Origin  of  Certain   Ore   Deinwits,'  Montreal,   1884,  p.   17  ; 
«U.,  Ann.  Rcix  fieol.  Kiirv.  Can.,  Vol.  VI,  1SS2-93,  part  J. 
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4.  Pyrrhotito,   chalcopyrite  and  pyrites  are  all  ordinary   constituent  Sulphides 
minerala  of  the  normal  norite,  and  are,  at  times, comparatively  abundant  y^msrv'"^ 
oven  in  exposures  situated  some  distance  from  the  contact.     We  may  cntiMitiients 

,      .  ,     ,  .  1  ■  I         ,  .,  ■  III  nonte. 

readily    obtain,  at  any  of  .the  nnnes,  specimens  which  exhibit   every 

gradation  in  the  amount  of  these  sulphides  present  in  the  rock,  from 

the  ordinary  type  of  notice,  with  occasional  disseminated  grains  of  Ihe 

pyritous  matter,  to  what  has  been  referrrd  to  by  Vogt,  as  'pyrrhotite- 

gabbro  or  norite'  with  from  5  per  cent  to  50  per  cent,  or  even  80  per  Occurrence  ot 

cent  of  pyrrhotite,  while  portions  of  some  of  the  deposits,  are  made  of  "pr^hotite- 

practically  pure  pyrrhotite  and  chalcopyrite,  with  little  or  no  gangue 

matter. 

5.  The  sulphides  are,  undoubtedly,  of  primary  origin,  and  are  among  Sulphides 
the  earliest  of  the  minerals  1  o  crystallize  out  from  the  orij^inal  magma,  ""pHuiiry 
sometimes  even  antedating  the  iron  ore,  in  whiuh  they  are  occasionally  ongin. 
completely  enclosed.     They  occur  in  very  mucli  the  same  way  as  the  Himilnrit; of 
iron   ore,  embedded  in,  or  in  the  immediate  vicinity  of    the  various  ^i,^j"j,gp  ^j 
coloured   constituents.     In   fact,    individual  grains  can  only  be  dis- •"'pl'i'^™'""' 
tinguished  from  one  another  by  their  colour  in  reflected  light.     This 
intimate   association  between    the  iron  ore,  not  only  occurs  in  the 

normal  norite,  but  even  the  ore  bodies  themselves,  eapeciaily  those  of  the 

North  Kange,  which  almost  invariably  contain  titaniferous  magnetite 

of  len  in  appreciable  quantities.     Occasionally,  considerable  masses  of  Occurrence  ot 

magnetite,  sometimes  several  tons  in  weight,  are  encountered  in  the '^'^'^ '"^'"^ 

working  of  the  mines,  which   are  completely  enclose tl  in  the  sulphide 

material,  while  this  iron  ore  itself  contains  disseminiUed  grains  of  the 

pyrites,  in  addition   to  certain  decomposed  silicates  belonging  to  the 

norite.     The  relations  which  obtain  between  the  sulphides  and  the  KeaembUnce 

norite,  are  closely  analogous  to  deposits  of  magnetite,  occurring  in  con-  j^ipusits  of 

nection  with  certain  basic  igneous  rocks  in  central  Ontario.     In  these  central 

depouts,  the  magnetite   is  the  abund::nt  ore,  while  the  sulphides  are 

usually  present  in  subordinate  amount.     The  enclosing  rock,  usually 

shows  much  more  alteration,  than  in  the  case  of  the  norite  associated 

with  the  Sudbury  sulphide  deposits. 

6.  The  transitional  type  between  the  normal  norite  and  the  richer  Evidence  that 
forms  of  the  pyrrhotite- no  rite,  furnishes  unmistakeable  evidence,  that  ""'phidwuvere 

■^■'  '  '  fonued  during 

in  these  cases,  at  least,  the  sulphides  were  formed  during  the  cooling  coolinft  of 
and  crystallization  of  the  norite  mngma,  and  that  they  were  very  little  "  agrna. 
affected  by  any  secondary  action.  The  only  effe  ts  of  pneumatolytic 
or  vein  action  noticed,  consisted  in  the  more  or  less  complete  alteration 
of  the  pyroxene  minerals,  while  much  of  the  plagioiluse  is  surprisingly 
fresh  and  gla.SBy.  Although,  most  of  the  rock  matter  associated  with 
-  the  ore  bodies  is  moi-c  or  less  decomposed,  the  alteration  is  not  of  the 
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cxtrema  type,  which  would  be  expected  if  the  whole  of  the  depoaits 
resulted  from  secondary  action.  The  writer's  collection  of  rocks  ooa- 
taioB  epecimenj  of  the  pyrrhotitA'QOrite,  sometimes  containing  as  high 
as  10  per  cent  of  the  an Ipb ides,  from  most  ofthe  principal  mines,  which 
are  so  free  from  alteration,  as  to  permit  of  the  precise  identification  of 
both  the  orthorhombic  and  monodioic  pyroxenes.  The  rocks  in  the 
immediate  vicinity  of  the  ore  bodies  are  not,  therefore,  as  generally 
described,  so  made  up  of  secondary  minerals,  as  to  thoroughly  obscure 
their  original  composition  and  structure,  but,  on  the  contrary,  the  least 
altered  representatives  of.  the  norite,  may  readily  be  obtained  at,  or  in 
the  immediate  vicinity  of  any  of  the  mines. 

7.  Fournet  has  shown,  that  sulphur,  when  dissolved  in  n  molten  mag- 
ma of  silicates,  shows  af&nity  for  the  metals  in  the  following  order  ; 
copper,  nickel,  cobalt,  irou,  tin,  zinc,  lead,  silver,  antimony  and  arsenic. 
The  smalt  percentages  of  copper,  nickel  and  cobalt,  present  in  the  ori- 
ginal uiagma,  unite  with  the  sulphur,  and  thus  become  concentrated 
in  any  sulphide  of  iron  which  separates,  while  any  tin,  zinc,  lead,  silver, 
antimony  or  arsenic,  present  in  the  magma,  is  not  so  concentrated. 
6.  Vc^  ( ) )  mentions,  that  if  we  were  to  distribute  the  whole  metal- 
lic ooDtento  of  the  ore  deposits,  through  their  respective  mother  rocks, 
in  Norway,  these  would  have  the  following  percentages  ;  nickel,  003 
per  cent  to  013  per  cent;  cobalt  O'OOS  per  cent  to  0017  per  cent ; 
and  copper  0'015  per  cent  to  0'05  per  cent.  No  attempt  has  been 
made  to  calculate  these  percentages,  with  regard  to  the  Sudbury  Dis- 
trict, but  the  above  results  are  just  about  what  would  be  expected 
from  our  knowledge  of  the  nickel  contents,  generally,  in  the  basic  sili- 
cates of  rocks. 

9.  One  difficulty  which  has  often  been  urged  against  the  direct  deve- 

opment  of  these  deposits  from  a  state  of  igneous  fusion  is,  that  it  would 

be  impossible  to  obtain  such  large  and  comparatively  pure  ooncentra- 

Brownehss     tjons  of  the  sulphides.    Mr.  David  Browne  (')  has  shown  by  numerous 

differentuttioD  analyses  and  diagrams,  that  in  a  pot  of  matte  the  nickel  tends  to  con- 

inp^of^*^     centrate  towards  the  centre,  while  the  copper  is  much  richer  at  the 

•■^t*'  o    II  iiiifirp.  This  is  exactly  the  experience  in  mining.  'Theseobser 

vations ',  Prof.  ICemp  remarks,    '  are  extremely  important,  showing  as 

they  do  the  migration  of  metallic  matter  even  in  so  viscous  and  quickly 

chilling  a  mass  as  a  pot  of  matte.' 

Proofs  of  10.   Vogt  believes  that  eruptive  magmas  may  keep  dissolved  even 

very  considerable  quantities  of  sulphides,  supporting  his  belief  by  the 

(i)  Min.  Industry,  VoL  IV,  1896,  p.  748. 

(2)  School  of  Minea  Quarterly,   Columbia  CoUi-ge,  July  1896,  p.  £97  ;  aln  Min. 

IndUBtty  Vol,  IV.,  18»,  p.  763. 
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fact,  th&t  basic  blaot  famace  slags  usually  bold  from  3  to  5  per  cent  of 
sulpbides,  espeoiallj  Ga3  and  MnS ;  ItkewUe,  the  baric  ferriferoas  slags 
from  oopper,  nickel  and  I«ad  smelting  may  contain  from  4  to  6  per  cent 
FeS  and  the  basic  zinc  slags  even  6  to  8  per  cent  ZnS.  Sandberger  sepa- 
rated -the  dark  silicates  of  maoy  rof:ks  and  proved-  them  to  contain 
copper,  nickel,  cobalt,  lead,  tin,  aDtiiuOQ7,  arsenic,  bismuth  and  silver. 

11.  Galena,  zinc  blende,  and  compounds  of  arsenic  and  bismuth  are  CompmindB 
either  completely  wanting  or  present  in  very  insignificant  amount.        ^^  biemu^"' 

12.  The  remarkable  scarcity  of  boracic  and  fluoric  minerals  and  Seconduy 
other  secondary  products  which  usually  attend  any  pronounced  or  long  ^^^^^ 
continued  vein  action. 

13.  S'^condary  quartz,  calcii«  and  dolomite  are  occasionally  present.  Quartz,  calcite 
in  appreciable  amounts,  but  the  prevailingscarcity  of  these  minerals,  at  by  Dome&aa 
moat  of  the  deposits,  has  always  been  a  subject  of  remark,  and  the  first  ^oundant. 
mentioned  mineral  has  often  been  brought  from  considerable  distances, 

not  only  to  line  tbe  converters,  but  also  to  add  to  the  furnace  charges, 
even  at  snch  mines  as  the  Victoria,  where  secondary  quartz  is  relative- 
ly perhaps  more  abundant  than  at  any  other  deposit  in  the  district. 

14.  Platinum,  usually,  at  least,  in  the  form  of  sperrylite,  is  found  in  Occurrencs  of 
email  qnantities,  at  all  of  the  deposits.    Such  an  occurrence  seems  to  be  ~*n^"^  *^ 
closely  related  to  tbe  native  platinum  and  oamiridium  metals,  in  the  igneoui 
altered  basic  olivine  rocks  of  the  Urals  and  elsewhere. 

19.  Tbe  deposits  are  singularly  uniform  in  chemical  and  mineral-  XJnifonnity  in 
ogical  composition,  and  their  monotonous  character,  ia  tbb  respect,  has  ^">pi^'ioi><'f 
been  frequently  commented  upon.     A  careful  study  of  the  analyses 
will  BM-ve  to  further  emphasize  this  fact.     This  peculiarity  holdsgood, 
not  only  with  r^ard  to  tbe  Sudbury  deposits,  but  applies  with  equal 
force  to  those  of  Norway  and  elsewhere,  wherever  full  details  of  com- 
position are  available.     The  characteristic  minerals  of  this  '  world  Oocummoe 
group,'  as  it  has  been  called,  is  everywhere  the  same.    Pyrrhotite,  with  Sroup™of 
generally  from  2  to  4  per  cent  of  nickel  and  cobalt,  although  occa-  Bulphide 
sionally  reaohingas  high  as  10  to  11  per  cent  of  nickel,  pyrite  (in  Nor- 
way relatively  rich  in  cobalt),  pentlandite,  together  witb  some  chalco- 
pyrite,  and  soma  of  titaniferous  magnetite  are  always  present  in  tbe 
norite  or  gabbro.     The  nickel  minerals  polydymite,  millerfte,  etc.,  are 
also  often  present,  but  only  in  very  subordinate  amounts. 

16.  Brecuiation, which  is  so  frequently  characteristic  of  these  deposits,  Qfoogj^tjon 
is  an  almost  constant  feature  of  eruptive  contacts,  resulting  from  the  ch»r»ot«iTBti(i 
detaching  of  material  from  the  containing  walls.  Tbe  frequent  angular  eruptive 
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character  of  these  blocks  is  da«  to  their  imperfect  assimilation  by  the 
fased  basic  magma,  in  which  they  have  been  floated  off. 
«  These  are  some  of  the  main  points,  which  may  be  urged  in  support 
I  of  the  hypothesis  of  magmatic  differentiation,  as  explanatory  of  the 
origin  of  these  Sudbury  ore  deposits.  Many  of  them  are  not  new,  and 
hare  been  stated  in  more  detail  by  Vogt,  Adams,  Kemp  and  others. 
They  are  introduced,  in  the  preeent  instance,  as  the  trend  of  some  of 
the  more  recent  examinations  seeks  to  ignore  the  full  signifioanoe  ttf 
the  intimate  genetic  relationship  which  exists  between  the  norite  and 
the  ore  bodies,  affirming  that  secondary  caasea  or  replacement  are 
alone  and  directly  responsible  for  the  present  position  and  dimensions 
of  these  deposits. 

Vogt,  C)  in  his  classification  of  emptive  ore  deposits,  divides  them 
into  two  chief  groups.  1.  Deposits  formed  by  'magmatic  differentia- 
tion ';  that  is  by  the  concentration  of  some  metallic  parts  within  the 
still  fluid  eruptive  magma.  2.  Deposits  formed  by  processes  subsequent 
to  the  eruption  or  '  afcer  actions '  as  they,  have  been  sometimes 
called  ; — that  is  by  pneumatolysis,  fumarole  action,  hydrothermal 
agents  and  ^e  like,  directly  consequent  on  the  eruption. 

The  trend  of  modern  geological  investigation,  Beems  to  empbaaite^ 
more  and  mora,  the  fact  that  no  really  sharp  division  exists,  as  indicated 
by  Vogt's  sub-divisions  but  that  processes,  which  at  the  two  extremes 
are  manifestly  very  widely  divergent  in  their  effects,  are  so  intimately 
associated,  in  time  and  manner  of  operation  in  nature,  that  the  resultant 
product  cannot,  with  any  degree  of  propriety,  be  attributed  wholly  to 
either  group  of  proce^es. 

Thus,  although' the  researches  of  M.  Fouqu^  and  Michel-L^vy,  have 
clearly  shown  that  diabase  and  kindred  basic  eruptive  rocks  may  tie 
artificially  reproduced  from  a  simple  state  of  dry  fusiDn,  it  is  equally 
certain,  that  no  extended  intrusive  process,  produced  by  natural  causes, 
is  ever  unaccompanied  by  a  greater  or  less  abundance  of  superheated 
waters  and  vapours,  as  an  integral  portion  of  the  fused  moss.  As  a 
general  rule,  these  heated  solutions  are  relatively  much  more  abundant 
in  the  case  of  the  acidic  magmas  than  those  of  more  basic  compositioa. 
It  is  thus  obvious,  that  all  igneous  action  la  both  accompanied  and,  in 
a  more  extended  manner,  immediately  followed  by  more  or  less  pro- 
nounced vein  or  pneumatolytic  action  (secondary  causes),  and  oertain 
rocks  and  mineral  occurrences  may  be  representative  of  the  variouB 

!e-143  ;  2BT-3&4  ;  also  189S,  pp.  145-ieS; 
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traositiona  betweea  what  has  been  termed  oqueo  igneoas  fusion  and 
igneo-aqiisous  solution.     The  abaormally  large  amount  of  original  or  SiptiSamce 
primary  qnartz,  bo  uniformly  distributed  throughout  the  Sudbury  norito  "I™"™™ 
or  gabbro,  baa  been  repeatedly  mentioned  and  commented  upon  by  the  priinuy 
various  geologiats,  who  have  examined  these  rocks  in  detail  under  the  ''"^ 
microscope.     It   thus   naturally   follows,  that   the   agencies   grouped 
together  under  the  name  of  secondary  aotioD,  would  be  ranch  more 
actively  e&ctive  in  connection  with  the  ore  bodies  and  other  segrega- 
tions  reeultiog   from   the  eruption  of  such  a   rook,  than  with  the 
ordinarily  less  quartzoee  or  basic  varieties  of  such  rooks.     The  manner  Mumw  of 
of  formation  of  these  ore  bodiaa,aa  thus  indicated,  iamnch  more  complex  ore  bodies 
than  was  at  first  supposed.  There  can  be  no  doubt,  however,  that  much  J^pj™*^ 
of  the  sulphide  material  was  introduced  simultaneously,  as  an  integral  m  fintaup- 
portion  of  the  same  magma,  along  with  the  other  minerals  of  which  the  ^''"^^ 
norite  or  hypersthena-gabbro  is  composed.     There  can,  moreover,  be 
little  doubt  of  the  abundant  presence  of  heated  solutions  and  vapours, 
which  were  capable  of  dissolving  out,  and  under  certain  conditions,  of 
redepositing  these  sulphides.     Such  agencies   certainly  bogan   their 
work  before  the  whole  magma  bad  cooled,  bearing  their  heavy  burdens 
of  sulphide  material,  most  of  which  was  obtained  from  the  magma  in 
the  immediate  vioioity,  to  occupy  the  various  cavities  and  fissarea  as 
fast  OS  these  were  formed.     The  whole  of  this  action  was  practically  Conoantration 
completed  before  the  intruBion  of  the  later  dykes  of  the  oti vine-diabase  pieted  before 
which  are  now  regarded  by  the  writer,  as  the  end  product   <rf  the  ^^^"^i 
Tnlcanism  to  which  the  norite  masses  owe  their  intrusion.     In  certain 
of  the  deposits,    the   various  hydrochemical  agencies  accompanying 
dynamic  action  have  been  more  active  than  in  others,  as  at  the  Victoria 
mine,  and  some  of  the  Copper  Cliff  mines,  but  in  others,  as  for  instance, 
the  Creighton  mine,  magmatic  differentiation  has  been  the  main  and  Magmatic 
almost  sole  principle,  determining  and  favouring  the  development  of  **i^'^^itS!'° 
this  the  largest  and  richest  sulphide  nickel  mine  in  the  world.     The  mine. 
enunciation,  in  the  first  place,  of  the  simple  doctrine  of  the  direct 
igneous  oiigin  of  these  ore  bodies  and  their  intimate  relationship  in 
this  respect,  to  certain  bands  of  norite  or  diorite,  served  an  excellent 
practical  purpose,  in  directing  and  controlling  all  the  earlier  prospect, 
ing  work. 

After  all,  however,  the  origin  of  these  ore  deposits  is  largely  a  matter  qj^^  ^  ^r^ 
o!   theory  and  opinion,    and    strong   arguments   may  be  adduced   in  bodies  a 
support  either  of  the  view,  that  they  are  the  direct  result  of  magmatic  theor;  and 
s^regation,  or  that  the  sulphides  were  brought  up  in  a  state  of  solution  opio'*^ 
from  oonsiderable  depths,  to  replace  certain  portions  of  the  rock,  or  to 
fill  up  spaces  caused  by  structural  weakness.    The  real  practical  side 
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OutliDiDgof     of  the  geological  investigation,  conaiHted  ia  tfae  outlining  of  the  ii 
wM^™!^**'  maases  of  intrusive  DoriCe  or  gabbro,  with  which  the  nickel  and  copper 
importance,     deposits  of  the  region  aro'alone  associated. 

HAONETIC   BBPARATtOH  OF  NICKKLIFBROUS   PTBBHOTITK. 

■  Early  aenra-       ^^  application  of  magDetiaiD,  either  to  free  the  pjrrhotite  from  im- 
'       '  paritiea,  with  which  it  is  so  frequently  intermixed,  in  order  to  obtain  * 

homogeueoos  and  pure  product,  for  analytical  purposes,  as  well  as  to 
efiect  a  separation  of  the  nickel  present  in  the  pyrrhotite  ores,  is  by  no 
means  a  novel  idea,  ftnd  many  experiuieots  have  already  been  under- 
taken with  this  end  in  view.  In  1 879,  Habermehl  succeeded  in  divid- 
ing the  Bodenmais  pyrrhotite,  into  magnetic  and  non-magnetic  por- 
tions respectively,  using  fine  powdei',  suspended  in  water,  by  a  strong 
magnet.  The  magnetic  portion  thus  separated,  by  successive  trials, 
furnished  a  product  which  was  so  homogeneous  and  uniform,  that  ton 
out  of  fourtoen  of  the  detemainations  for  iron  content  were  essentially 
identical. 

In  1690,    T.J.   McTighe(')   applied  magnetic  separation   in   the 
McTiii^?         treatment  of  the  nickeliferous  pyrrhotite  of  Canada. 

In  July,  1892,  Mr.  Thomas  A.  Edison,  in  applying  for  a  United  States 
^  patent,  embodying  the  same  principle,  gave  the  following  explanation 
of  pyrrhotite.  in  Support  of  bis  claim.  '  I  have  discovered  that  when  magnetic 
pyrites,  called  "  pyrrhotite,"  is  nickeliferous,  as  it  usually  is,  to  a  more 
or  less  extent,  the  nickel  is  distributed  generally  throughout  the  whole 
body  of  the  pyrrhotite,  but  certain  crystals  are  pure  pyrcbotite  or 
magnetic  pyrites,  while  other  crystals  have  some  of  the  iron  replaced  by 
nickel  and  sometimes  by  cobalt,  and  that  the  orystels,  containing  the 
nickel  or  cobalt,  are  considerably  less  magnetic  than  the  pure  pyrrho- 
tite.' 

Hagoetia  ^'^  the  same  year,  (1892),  Dr.  8.  H.  Emmens  (*)  carried  on  certain 

magnetic  experiments  on  material  obtained  from  the  Oap  mine,  Penna, 
and  Sudbury,  Ont.  These  were  undertaken,  not  only  for  the  purpose 
of  testing  the  accuracy,  or  otherwise,  of  the  theory  of  the  replacement 
of  a  portion  of  the  iron  by  nickel  in  pyrrhotite,  but  also  to  arrive  at  a 
more  accurate  expression  of  the  composition  of  pyrrhotite,  by  means  of 
a  formala.     The  practical  side  of  the  question  was  not  ignored,  and  a 
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statement  of  the  reUtive  abtmdanoe  of  the  separated  portions  is  given, 
with  their  respective  contents  of  nickel. 

Dr.  Emmens  mentions  that  he  obtained  his  material  from  a  mine  Methods  of 
near  Sudbury,  but  does  not  specify  the  precise  locality.  He  also  neglects  ^^^'^^^^k, 
to  give  neceesary  details  of  the  composition  of  the  ore  selected,  exoept  Dr.  Bmmeiw, 
that  the  gangue  formed  10'7  per  cent  of  the  whole.     In  r^ard  to  the 
preparation  of  the  material   for  purposes  of  separation,  he  States  that 
the  sample  was'  very  finely  powdered,  and  carefully  separated  by  means 
of  a  magnet  into  three  grades,  namely,   'magnetic',  '  feebly  magnetic ' 
and  '  aon-magnetic '.     The  magnetic  and  non-magnetic  grades  were 
then  submitted  to   analysis,    resulting   as  follows,    after  deduction  of 
gangwe. 


»*"■ 

An&lriiB. 

Feebly 
Magnetic. 

Non- 

Magne- 
tio. 

AnalfeiB. 

Division  of  totlJ  oiokel  coDtenCa. 

rs'" 

Feebly 
magnetic. 

Non- 
magnetic 

92-95% 

fNi   1  30 
iFe58  27 
Is    4043 

}  2-09% 

4' 96% 

(  23-16 
{    33-92 
t    42-93 

1  58-01% 

7-60% 

34-39% 

A  short  time  after  (1893),  David  H.  Browne  (')  contributed  the  moat  y^^^^j^. 
valuable  article  on  the  (juestion  of  the  magnetic  separation  of  these  ^'£"S°°'* 
ores  which  had  yet  appeared,  showing  the  existence  of  a  rich  nickel-  Browne.' 
iron-sulphide,  almost  identical  in  chemical  composition   with  pentlan. 
dite,  which  formed  the  non-magnetic  portion  of  the  separation.  In  the 
same  article,  Mr.  Browne  questions  not  only  the  validity  of  Dr.  Emmens  Browne's 
conclusions,     as    '  hasty   generalizations   from    insufficient  premises  ',  jP'^^j,™'  °^  , 
but  points  out,  that  '  be  has  never  yet  found  che  ooui-magnetic  residue  reeults. 
of  the  analysis  given  by  Dr.  Emmens.' 

The   material  selected   for  experimental  purposes   by  Mr.  Browne,  Soume  ol 
consisted  of  carefully  hand-picked  uickeliferous  pyrrhotitite,  from  the  """"f^j  j^ 
Oopper  Oliff,  Stohio  and  Evans  mines,  altogether  free  from  ganguei  Browne. 
and  with   no   copper,  or  at  the  most,  only  traces  of  this  metal.     He 
mentions  that  the  samples  were  crushed  to  pass  a  60-meah  sieve,  ezperi-  Prepantionof 
ment  having  shown  that  a  very  fine  powder  did  not  yield  such  perfect  ?*'"'''  ^ 
eeparations.     The   following   tables   show,  in  brief  form,  the   results 
obtained : — 

(1)  "Engineering  and  Mining  Journal ",  Dec  2,  1893.  page  666. 
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COPPBB  CLIFF  HINE,    (SEVEITI 

RVET   OF  CANADA 
H  LEVEL.)    PICKED  NICKEL  0 

HE. 
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tioDof 

product*. 

1 
1 
A^yri^of  total  ;„^^ji^'^„,,j,,i. 

„S«i=.  -'"""•■ 
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Nickel  iD 
™^tic 

Cu 0  tWl 

(  O'OO 
j    4  (12 

U-58 

1            '(nao 

-M-00?; 

66  Wi 

s        .      sauij 

J            litis     ) 

8T0BIE   MINB,    PICKBD   mCKRL   OHE. 

Cu 0«l\ 

ooo 

57  oi) 

l;«  10 

^             irow      -| 

2-825%  I    |;Sg            7200% 

J            jUno     ]J 

2B00% 

CKED   NICKEL  ORK. 

Cu trace, 1 

Ni 902, L,,^,, 

Fb 51ti0i|'**<"^ 

S Sil-2H} 

140- 18 

"1        1  0      K 

159C-     ■    *•,!§       j    3547% 

64KI% 

SMQpU. 

obtMUFd  from  ail         _niii 

Copper  Cliff.    314,  copper  042, 


Maenetic  1°  1900,  Mr.  J.  N.  Judsoo,  of  the  Wetherill  Separatiag  Company^ 

H^A^'''^'  c*™^  ">•>  an  extensive  BerieaofexperimeDts,  an  abstract  of  the  results, 
accompanying  Mr.  C.  W.  Dickson's  paper,  on  '  The  Ore  Deposits  of 
Sudbury,  Ontario'.  (^)  The  material  experimented  with,  conai&ted  of 
nearly  pare  pyrrhotite  from  Copper  Cliff,  containing  by  analysts,  nickel 
49'7S  per  cent.  The  results  showed,  that  with 
a  current  strength  of  one  ampere,  on  material  crnehed  to  30-mesh,  901 1 
per  cent  of  the  total  sample  wan  magnetic,  and  this  contained  2*46  per 
cent  of  nickel  or  the  equivalent  of  70-68  per  cent  of  the  total  nickel 
in  the  original  pyrrhotit«,  and  0*22  per  cent  copper,  or  the  equivalent 
of  47-48  per  cent  of  the  total  amount  of  this  metal  in  the  original 
sample.  The  remaining,  non-magnetic  portion,  forming  9-89  per  cent 
of  the  total  sample,  contained  9-33  per  cent  nickel  and  2-21  per  cent 
copper  or  29-42  per  cent  and  52-52  per  cent  of  the  total  of  these 
metals,  respectively,  in  the  original  sample.    The  other  trials,  with 

(1)  Trana.  Acner.  Inot.  Mb.  Eng,  (Albuiy  Meeting),  1903.'. 
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samples  of  the  same  material,  crasheJ  to  pasa  a  60-mesh,  at  ^  ampere, 
showed  86-22  per  cent  was  magoetio  and  cxtotained  192  per  cent  of 
nickel.  The  remaining  13*78  per  cent  or  non-mf^netic  portion  was  a 
comparatively  rich  nickel  ore,  but  the  losses  in  the  magnetic  portion 
were  so  great,  that  he  concluded  that  a  commercial  separation,  by 
means  of  magnetism,  was  out  of  the  question. 

During  the  winter  sessions  of  1901-1903,  and  1902-1903,  Mr.  C.  W.  Magnetic 
Dickson,  a  post-graduate  student  at  Columbia  University,  carried  on  a  c  IvDiekKjii! 
series  of  experiments,  by  means  of  magnetism,  in  order  to  determine,  as 
near  as  possible,  how  much  of  the  nickel  occurs  as  a  separate  mineral, 
and  how  much,  if  any,  replaces  iron,  and  also  to  ascertain  the  compo- 
sition of  the  nickel  mineral. 

A  number  of  representative  samples  of  pyrrhotite  were  ground  to  Piepuatian 
pass  through  100  mesh,  and  the  non-magnetic  ptartion  was  removed,  as     u"*^"^- 
completely  as  possible,  by  repeated  treatments  with  a  small  horseshoe 
magnet.     The  nickel  present  in  the  original  samples,  is  given  umder  I, 
and  that,  of  the  magnetic  concentrates,  under  II. 

In  the  second  experiment,  the  original  samples  were  coarsely  crushed,  EnhBUBtive 
and  the  magnetic  portion  was   sized   between  40  and  60-mesh,  then  eliminace  lut 
freed,  as  well  as  possible,  from  non-maenetic  material,  crushed  between  ^''^^  "' 

,  nickel  from 

60  and  80  mesh,  and  again  concentrated      By  successive  treatmentsi  prirhotiM. 
the  mineral   was  finally  reduced  to  fine  powder.    The  ultimate  product 
was  then  assayed  for  nicl^el,  and  as  shown  under  III,  the  nickel  was 
much  reduced  in  quantity,  but  not  entirely  eliminated. 

In  the  third  experiment,  to  see  if  it  was  possible  to  still  further  re- 
duce the  nickel  contents,  a  number  of  samples  were  very  carefully  pre- 
pared.    They  were  coarsely  crushed,  and  the  purest  mineral  selected. 

This  was  crushed  to  pass  through  10  on  20-mesh,  and  the  Anest 

material  rejected.     A!I  the  non-magnetic  portion  was  eliminated,  and 

the  concentratewos  then  crushed  to  20  on  jO-mesh,  the  finer  part  being 

again  rejected.     The  operations  were  repeated  until  the  ore  was  finally  Compcwition 

ground  in  an  agate  mortar,  the  non-magnetic  part  being  very  carefully  ^^pi^^j 

removed  each  time.    The  nickel  in  the  final  concentrate  is  given  under  separated 
jy  porCione. 


Location. 

NiftCo 

II. 

Ni. 

III. 

Ni. 

1.  Eliiemine 

3.  Stobiemine    

3.  Frocd  mine 

4.  Moimt  Nicke!  mine.   

B.  Copper  Cliff  No.  2  mine. , , 
6.  CoTOw  Cliff  No.  4  mine. . . 

2,44 

3.(6 
2.M 
306 
400 
330 
2-32 
415 
400 
340 

222 

2U 
207 
2-14 

200 
2-32 

225 

2-30 
2-46 

0-98 
0.68 
1-05 
0-75 
0-70 
0-83 
1-20 

i!i6 

0»0 

....    Fine-grained  pyrrhotite. 

6'66    C™rae      ',', 
0-70  jMediHm  .. 
..:.    Coame      ■■ 

9.  Victoria  min« 

0-45  lFine_        „            .    .■ 
.Fbe-h-ramed  pyrrhotite. 
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Nickel  does         -^  stated  by  Mr.  Dickson,  the  results  show  in  the  most  oonclntiTB 
^  nj[dace      manner,  thac  even  in  the  lower  gndes  of  pyrrhotite,  the  nickel  is  not 
pyrrhotite.       present,  aa  replacing  part  of  the  iron  in  the  pyrrhotite,  but  exists  as  a 
separate  mineral.  The  fact,  that  all  the  nickel  could  not  be  elimitiated 
by  the  methods  used,  does  not  indicate,  that  even  the   small  amount 
that  remained  was  an  essential  part  of  the  pyrrbotite,  as  several  factors 
enter  which  render  its  complete  removal  practically   impossible.     In 
EiplftDktion     the  first  place,  the  nickel  mineral  is  very  intimately  associated   with 
DiiSi^n'*      *''®  magnetic  pyrrhotite    and  even  a  minute  adhering  fragment  of 
mBgnpiio         the  latter,  will  cause  it  to  be  carried  over  with  the  magnetic  por- 
tion.     It  must  also  be  noted,  that  the  nickel  mineral  itself  is  slightly 
magnetic  and  in  the  form  of  a  fine  powder,  is  attracted  by  even  a 
small  magnet. 
Miwiietic  The  magnetic  experimente,  in  connection  withthepresent  work,  were 

M^O^v^'     carried  on  by  Mr.  W.  M.  Ogilvie,  B.  A.  Sc.,  by  means  of  a  Wetherill 
for  GH)lo|i(^  msgnelic  separator  of  the  ordinary  type,  in  the  raining  laboratories  of 
McUill  University,  the  authorities,  with  the  recommendation  and  ap- 
proval of  Dr.  J.  B,  Porter,  having  kindly  placed  the  machine  at  the 
disposal  of  the  writer,  for  a  considerable  period,  during  the  winter  of 
1901-1902.     The  samples  selected,  consisted  of  the  richer  grades  of  ore 
in  use  at  the  different  mines.  Such  samples  were  obtained    from  the 
Creighton,  Victoria,  Cryderman  and  Mount  Nickel  mines,  theToughand 
Stobie  property,  in  Levack  township,  and  the  Cochrane  property,  near 
Selpction  and  Blue  lake,  on  the  Northern  Nickel  Rftnge.  It  is  to  be  regretted,  that  the 
IjuniS."'       chemical   analyses   could    not  be  undertaken  while  the   experiments 
were  in  progress,  as  otherwise  much  more  important  results  could  have 
been  obtained.     The  voltage  of  the  current  employed  was  110  and  the 
Strenitthof      strength  of  the  current  was  varied  according  to  the  magnetic  perraev 
^^^n,;,  bility  of  the  difierent  samples.     The  least  magnetic  of  the  material, 

was  that  obtained  from  the  Creighton  mine,  and  with  such  material,  ft 
current  as  high  as  15  amperes  was  employed,  while  the  pyrrhotite  from 
Creighton        the  Cochrane  property,  on  the  Northern  Nickel  Range,  was  so  strongly 
mS^eWo.*"    magnetic,  that  much  weaker  currents  had  to  be  used,    the  greatest 
reaching  a  strength  of  only  1.5  amperes. 

Preparation  In  the  case  of  the  Creighton  mine,  the  original  sample  weighing  36 
aepanktion  "'  P*^*^"*^"!  ''^as  divided  into  two  products,  according  to  the  size  of  grain 
obtained  by  crushing.  The  first  product  was  obtained  by  passing  the 
powdered  mineral  through  a  40-mesh  sieve,  and  catching  it  on  a  100- 
mesh  sieve,  this  part  weighing  21  pounds.  The  second  product,  15 
pounds,  was  made  up  of  the  finer  material  which  passed  through  the 
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lOO-mesh  sieve.     The  coarser  phase  of  the  origiiwl  aample  g&ve  the  Compcaitimi 
following  analysis,     insoluble    2.28,    copper   0-72,     nickel   531    and  ^^^^ 
salphur  34.2ti  per  oent.     The  composition  of  the  finer  material  was,  Craigbtim 
insoluble  2-49,  copper  1-20,  nickel  4-87  and  sulphur  34-67.     Each  of '"'°*°"'' 
these  two  original  samples,  w&^  divided  into  three  equal  portions,  and 
subjected  to  magnetic  curreuta  of  1-0, 3'8  and  15  amperes  respectively . 
By  meiins  of  the  magnetic  current,  each  of  these  three  portions  was  pensnURe  of 
Bg»in    subdivided   into   three  grades,  which   may    be  designated  as  ^^f^^ 
'  magnetic ' ;    '  feebly  magnetic  '  and    '  non-magnetic  '.     The    coarser 
material  showed  that  the  magnetic  portion  varied  from  86-3  to  90-2 
per  cent  of  the  whole  sample,  with  a  loss  of  2-4  to  97  per  cent  in 
handling,  which  loss,  however,  could  be  over  come,  while  the  feebly  mag- 
netic portion  contained  from  4'3  to8'6  per  cent,  and  the  non-magnetic 
from  1  '3  to  2-7  per  cent.     In  the  finer  material,  the  magnetic  portions 
varied  from  74-6  to  78-3  per  cent,  the  feebly  magnetic  from  2-3  to  109 
per  cent,  while  the  non-magnetic  varied  from  4.1   to  3  per  cent.     The 
loss,  in  the  case  of  the  fines  was  very  great,  owing  to  the  dust  adhering 
to  the  belts,  the  percentages  of  such  luas  varying  from  92  lo  11-4  per 
cent.      Assays  of   all   the  separate  pi-oducts  from  the  Creighton  mine  Atsavsb; 
were  made  by  Mr.  Donald  Locke,  who  for  a  short  time  was  attached  Jj^^^"'"'** 
to   this  Department  as  assayer  and  raetallurgiat,  but  certain  unex- 
plained  discrepancies   in    the   results,    will   prevent,  at  present,  the 
publication  of  all  tlie  details  of  the  chemical  investigation.     In  this 
connection,  however,  it  may  be  suflicent  to  state  that  a  very  rich  nickel 
ore  was   always   obtained,    the  greater  part  of  which  was  contained 
in  the  feebly  magnetic  portion,  although  a  small  proportion  was  carried 
over  into  the  tailings  or  nonmagnetic  portion.     The  loss,  however,  in  Lorain 
the  magnetic  portion,  amounting  to  from  40  to  over  50  per  cent  of  the  JJo^Son  too 
total  nickel  present  in  the  original  ore,  was  too  serious  to  be  disregarded-  *^'^'w^  ^ 
In  addition  to  the  nickel  present,  the  magnetic  part  also  contained 
from  28  to  48  per  cent  of  the  total  amount  of  copper  present  in  the  DiTieion  ot 
original  ore,  while  from  16  to  18  per  cent  is  contained  in  the  feebly  ^q^qc^, 
magnetic  port,  and  the  remainder  is  carried  over  with  a  large  propor- 
tion of  the  gangue  into  the  non-magnetic  residue,  which  is  really  a 
very  rich  copper  concentrate,  some  of  the  assays  showing  as  high  aa 
28-38  per  cent  of  this  metal.    The  proportion  of  gangue  present  in  the  Hepsrotion  of 
non-magnetic  residue,  generally  amounts  to  aboat  one-third  of  the  total  K">l^^- 
product. 

The  best  separation  is  effected  on  the  fine  material,  although  the  Yiat,  materul 
presence  of  dust  must  be  avoided,  as  this  clings  to  and  fouls  the  belts.  '^  '^('''"' 
The  stronger  the  current,  the  greater  the  proportion  of  nickel  remaining  separation. 
in  the  magnetic  portion,  while,  at  the  same  time,  although  the  total 
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Compoaiti 

of  feebly 


fttnount  of  Dickel  present  in  the  feebly  and  noQ-magnetio  portions  is 
leas,  the  assay   valae  of  such  products  is  much  higher,  and  some  of 
these,  which  were   examined   in  detail,  consisted    almost  wholly  of 
peotlandite,  with  intermixed  cholcopyrite.     Thus,  the  feebly  magnetic 
product  of  the  fine  material,  obtained  by  using  a  current  of  3'9  amperes 
with  only  one  trial,  showed,  on  analysix,  the  fuUowing  composition, 
insoluble  5-81,    copper  1.52,    iron  304 1,    nickel  3001,    sulphur  33-5ft 
per  cent.     Knowing  the  composition  of  the  peutlanJit*  and  chalcopy- 
rite,  and  distributing  the  above  conEtituents  in  their  proper  proportions 
in  these  minerals,  we  find  that  this  product  consists  of  chalcopyrite 
Fioportiong  of  and  pentlandita  in  the  ratio  of  1;  21.     In  the  same  way  the  non- 
nod  cbolcopy.  magnetic  product  obtained  by  using  a  current  of  I  -5  amperes  on  this  fine 
""■  material  and  from  which  most  of  the  gangue  had  been  removed  by 

means  of  hydraulic  separation,  showed,  by  analysin,  the  following  com' 
Componitiou    position,    insoluble  2.66,    copper  358,    iron  30  01 ,  nickel  30-36  and 
mimetic         sulphur  3377  per  cent.     This  product  is  made  up  of  chalcopyrite  and 
penllandite  in  the  proportion  of  1  ;  7. 


percentages 

of  H'lBrfttt^ 


magnet  10 
tiiitn  that 

CreightoD. 


Percentftges 
of  BepnraCed 
pnxiucU. 


In  the  Victoria  mine's  separation,  the  ore  was  much  more  strongly 
magnetic,  and  the  currents  employed  were  only  0  2  and  1.5  amperes. 
The  magnetic  portion  varied  from  86-4  to  90.6  per  cent  on  the  coarser 
material,  while  with  the  fine  material,  using  a  current  of  0'2  and  1-2 
amperes,  the  magnetic  part  varied  from  714  to  867  per  cent.  The 
feebly  magnetic  part  never  exceeded  2-1  per  cent  and  in  one  case  was 
08  low  as  0'5  per  cent.  No  assays  of  these  products,  however,  have 
been  made,  as  the  results  obtained  in  the  case  of  the  Creighton 
mine,  although  of  great  scientific  and  practical  interest,  demonstra- 
ted rather  clearly  that  under  present  conditions,  an  economic  and  com- 
mercial separation  of  these  ores  is  out  of  the  question. 

The  Cryderman  mine  ore  is  also  more  magnetic  than  the  Creighton 
'  mine,  although  less  so  than  the  Victoria.  The  original  sample,  on 
which  the  experiment  was  conducted  weighed  30  pounds.  This  was 
divided  into  two  portions,  according  to  fize,  one  portion  consisting  of 
crushed  ore  which  passed  through  a  40-mesh  and  was  caught  on  &  100- 
mesh  sieve  and  finer  materia]  consisting  of  ore  which  passed  through  the 
100-mesh  sieve.  The  current  used  had  a  strength  of  0'2,  l-Sand  4  amp^ 
res  respectively.  The  magnetic  portion  of  the  coarser  product  varied 
from  75  to  85-6  per  cent,  the  feeble  magnetic  from  2  to  77  per  cent 
and  the  nonmagnetic  from  1-9  to  2-3  per  cent.  There  was  no  loss 
using  the  0-2  and  1-5  amperes  current  but  with  the  4  amperes  current 
the  loss  wa3  4'8  per  cent.  With  the  finer  material  the  magnetic  part 
varied  from  65-6  to  71'8  per  cent,  although  the  loss  of  109  per  cent 
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beloDgs  very  largely  to  the  first  mentioned  amoant.  The  feebly 
magnetic  part  varied  from  1-6  per  cent  to  17-2  per  cent,  the  latter 
amonnt  being  obtained  with  the  4  amperes  current,  while  the  non- 
magnetic varied  frum  6'3  to  281  per  cent. 

The  magnetic  separation  of  the  ore  from  the  Nickel  Mountain  mine  Magnetic 
waseflfected  by  using  currents  having  a  strength  of  IB,  38  and  13-5  'fl^"^^," 
amperes  respectively.     The  original  simple  weighed  63  pounds.     The  MouDtaia 
magnetic  part  of  the  coarser  product  (through  40-meah  on  lOO-meah),  ™'"^  ""'■ 
varied  from  91-2  to  925  per  cent  with  losses  of  0-9  and  25  per  cent  Percentagee 
respectively,   the  feebly  magnetic  from  4  1  to  4-4  per  cent,  and  the  ^^j^***^ 
non-magnetic  from  1-2  to  3-8  per  cent.  The  losses  varied  from  4  to  5*7 
per  cent  and  are  account«d  for  by  the  fact  that  the  fine  material  has 
a  great  tendency  to  stick  to  the  belts.    Also  the  cro^s  belts  were  given 
their  maximum  velocity  to  effect  the  best  separation. 

The  original  sample  from  the  Levack  property  (Tough  and  Stobie's),  Magnetic 
weighing  24  pounds  was  crnshed  in  the  same  way  as  the  above,  and  ^'bevack  ore. 
^e  magnetic  currents  used  had  a  strength  respectively  of  0-2,  1-5  and 
3-8  anipires.     The  magnetic  portion  varied  from  92-5  to  96.3  per  cent, 
withlossesbelongingchiefly  to  this  part  of  19  to  2-5  percent,  the  feebly  Pereentagee 
magnetic  from  1.3  to  3'8  per  cent  and  the  non-magnetic  from  1-3  to  2-6  pmduota. 
per  cent.     With  the  fine  product,  the  magnetic  portion  varied  from 
91-6  to  93-8,  with  a  lo>3  in  one  instance  of  19  per  cent,  tue  feebly 
magnetic  from  I-l  to  21  per  cent,  and  the  nonmagnetic  from  5-2  to 
6-3  per  cent. 

*  The  pyrrhotite  from  the  Cochrane  property  on  the  Northern  N  ickel  tthgnetic 
Range  is  very  strongly  magnetic  and  the  current  used  had  a  strength  of  ^""i^i^tite 
0'2  and  1-5  ampere?.     The  magnetic  portion  of  the  coarser  product  ^'j>^'^l> 
varied  from  85  3  to  89  per  cent,  with  a  loss  of  14  to2'8  per  cent,  the 
feebly  magnetic  1  to  4-8  per  cent  and  the  n on- magnetic  from  4-6  to  10.9 
per  cent.     With  the  finer  material,  the  magnetic  portion  varied  from 
77.7  to  83  per  cent,  the  feebly  magnetic  from  0-8  to  4*1  per  cent  and 
the  non-magnetic  from  15-2  to  18-2  per  cent. 

The   various  factors    which    enter   into    the  construction   of   the  Wetherill 
Wetherill  magnetic  separator  su^eeted,  at  the  the  outset.,  that  by  its  ^^^^'  ""^ 
employment,  it  might  be  possible  to  accomplish  a  separation  on  a  com- 
mercial basis,  which,  at  the  same  time,  would  be  much  more  thorough 
and  complete,  than  any  previously  recorded  attempts,  making  use  of 
different  types  of  hand  magnets.  Thus,  it  was  posBible|on  this  machine^  VaHouB 
not  only  to  vary  at  will  the  strength  of  the  magnetic  current,  to  be  IJ^^^^^'* 
used,  but  also  to   make  any   required  adjustment  in   the  distance 
between  the  two  magnets,  while,  at  the  same  time,  the  speed  of  the 
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Expecutiona  belts  was  uoder  oompleto  control.    With  these  refineneats  or  aids  to 
ti^  work.        efficient  separation,  it  vas  hoped  to  make  anch  a  thorough  diviaion  of 
the  products,  that  the  niokel  present  in  the  m^nebio  portion  wonid 
constitute  such  a  small  proportion  of  the  whole,  as  to  render  this  pro- 
duct of  no  commercial  value,  and  thus,  at  one  simple  operation,  get  rid 
of  about  80  per  cent  of  practically  barren  ore.     At  the  same  time,  it 
was  believed  that  the  feebly  and  non-magnetic  portione  would  contain 
by  far  the  larger  proportion  of  both  the  nickel  and  copper. 
TriaNdirap-        ^^  preliminary  trimla  of  the  Creighton  mine  ore,  and  assays  of  the 
pointing  and    separated  products  were  disappointing,  as  they  showed  most  conolusL 
Rreatjirikc-       vely  that  an  efficient  and  economical  separation  by  thi-i  method  was 
taaoe'™^'"     '"'PCMible,     It  was,  therefore,  considered  unwise  to  analyze  the  pro- 
ducts from  the  other  mines, although  the  main  facta  in  connection 
with  these  separations  have  been  mentioned. 
Dickaon  and        About  the  same  time,  Mr.  C.  W.  Dickson  published  the  results  of 
cimolude  that  ^^  magnetic  experiments,  which  gave  further  emphasis  to  this  concln- 

™»8°'^t'''  .      sion.     Mr.  Dickson's  final  utterance  on  this  subject,  publishedin  1903, 
«e[«ration  i"  i  » 

a  oommsrcinl  also  contained  a  summary  of  Mr.  J.  N.  Judson's  results,  to  which  refe- 
iiapoaai  i  y.  ^^^^  ^^^  already  been  made,  all  tending  to  show  that  the  removal  on 
a  commercial  scale  of  the  nickel  from  the  pyrrhotite,  by  magnetic 
methods,  is,  in  the  lightof  our  present  expterience,  an  impossibility.  On 
the  other  hand,  the  fact  that  all  of  the  nickel  cannot  be  eliminated 
from  the  pyrrhotito,  does  not  prove  that  even  the  portion  remaining, 
occurs  as  a  replacement  of  an  equal  am  unt  of  iron,  in  chemical  combi- 
u  ,  ...  nation.    E  lamination  under  the  microscope,  reveals  the  fact  that  even 

intricately       the  smallest  grains  of  sulphide  material,  are  often  made  up  of  intricate 
with  one  intergrowths  of  chalcopyriCe  and  pyrrhotite,  which  minerals,  moreover, 

shown  bv*       *^'"'  ^°  distinguished  from  one  another  by  the  use  of  reflected  light 
inicroBcu|>e.      Such  an  intimate  relationship,  doubtless,  obtains  in  the  case  of  the 
pyrrhotite  and  pentlandite,  although  this  could  not  be  proved,  as  these 
minerals  cannot  be  separately  recognized  under  the  microscope.     In 
addition,  a  large  proportion,  at  least,  of  the  penblandite,  is  itself  feebly 
magnetic,  and  this  i^  apt  to  remain  with  the  pyrrhotite. 
Difficulties  of       ■^''^  difficulty  of  obtaining  an  absolutely  pure  product,  even  of  min- 
obtaininKpure  cToli  of  widely  different  magnetic  permeability,  is  well  known  to  all 
nianiatic         who  have  Carried  on  experiments  in  magnetic  separation,  so  that  it  is 
methuda.  ^^^^  surprising,  that  the  magnetic  portion  of  the  separated  sulphide, 

always  contains  an  appreciable  amount  of  nickel.  In  tlie  tight  of 
our  present  experience,  it  is  safe  to  say  that  the  nickel  is  doubt- 
less present  as  very  minute  grains  of  pentlandite  embedded  in  or 
adhering  to  the  grains  of  pyrrhotite.  The  fact  that  material  originally 
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ooQtaiDing  5-31  per  cent  of  nickel,  nith  the  application  of  a  current  Proof  tluC  all 
of  1.5  amperea  on  material  crushed,  to  only  pass  through  a  40-mesh  i,  pretwut  as 
sieve  can,   at  one   operation,    be  separated  into   a  magnetic   product  pentlMidite. 
containing  only  1  -48  per  cent  of  nickel,  while  this,  ia  tarn,  hy  succesaive 
grinding  and  magnetic  treatment,  c&n  be  ultimately  forced  to  give  a 
product  which  contains  less  than  0-50  per  cent  of  nickel,  is  ia  itself 
sufficient  proof,  for  regarding  all  the  nickel  in  these  Sudbury  or  s  as 
ooourring  in  the  form  of  a  distinct  sulphide,  chiefly  pentlandite.  With 
all  of  the  foregoing  results  we  may  well  pause  and  repeat  with  Dickson  ja  there  &  true 
the  qoaation,  '  la  there  anoh  a  thing  as  a  true  nickeliferous  pyrrhotite  1    ^y^hottw™ 
and  we  might  even  extend  it  and  ask,  is  there  such  a  thing  as  a   true  pyrit«? 
nickeliferous  pyrite !  The  matter  is  still  open  for  further  investigation, 
although  at  the  present  stage,  the   '  onus  proband! '  rests  with  those 
chemists  and  mineralogists,  who  are  still  wedded  to  the  old  idea.     A 
most   convincing   proof  might    be  possible,     by    repeated   magnetic 
treatment  of  some  of  che  masses  of  pyrrhotite  occuring  in  central  Moro  eiperi- 
Ontario,  which  are  known  to  contain  from  005  to  0-23  per   cent  of  ^d  gureea- 
nickel.     Any  enrichment  of  the  feebly  magnetic  or  non-magnetic  pro-  'm^s  for  their 
duct  obtained  from  the  separation  of  such  material,  would  no  doubt 
fumbh  the  most  umple  proof,  which  even  the  most  skeptical  would  be 
forced  to  accept. 


OF  PYRRHOTITE  DEPOSITS   BY   HAGNBTOMETRIQ   MEASUREUENT& 

The  magnetic  permeability  of  pyrrhotite  early  suggested  the  employ-  ^t]j  employ 
ment  of  magnetic  instruments,  to  determine  the  location  of  valuable '""'*  °' i^'P 
deposits  of  this  nickel  bearing  sulphide  in  the  Sudbury  District.     All  locate  p^ho- 
the  earlier  measurements,  however,  were  made  by  means  of  the  ordinary  j^  Su^^^^ 
dip-needle  and  the  observers  were  content  to  obtain  such  data  as  would  DiB^rict. 
enable  them  to  form  a  rough  judgment  of  the  approximate  area  un- 
derlaid by  rocks  containing    more  or  less  of  the  magnetic  pyrrhotite^ 
although  this  mineral  might  be  so  sparsely  disseminated  as  to  be  of  no 
economic  importance. 

Id  1901,  however,  it  was  decided  by  the  Mond  Kickel  Company,  to  Sxteiuive 
ioaugurate  a  more  extensive  and  elaborate  systom  of  magnetic  survey-  maftnocic 
ing,  not  only  in  examining  the  properties  they  had  already  purchased,  Monil  Nickel 
but  also  ia  determining  the  probable   value  of  other  nickel  properties      "'P^f' 
which  were  known  to  be  in  th  '  market.It  was  realized  that  such  delicate 
iiutrumeats  as  the  Thalen-Tiberg  magnetometer,  in  the  hands  of  ex-  E,„piojment 
perts  who  had  been  trained  in  the  Swedish  methods,  would  yield  data  of  ^edi»h 
in  regard  to  the  location  and  extent  of  workable  deposits  of  pyrihotite^  and  experta. 
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which  would  enable  a  very  close  estimate  to  be  fonned  of  their  com- 
mercial value.  Early  ia  the  spring  of  1901,  Meaara.  Karl  Kdjer  and 
Erik  NystrSm,  mining  engineers  of  Stockholm,  Sweden,  and  pupils  of 
the  well  knowQ  Professor  Nordeastrdm  were  engaged.  Mr.  Kojer  only 
stayed  about  a  month,  but  Mr.  Nystrdm  was  employed  for  the  greater 
portions  of  the  two  seasons  of  1901  and  1902,  in  making  detailed  mag- 
netic surveys  of  various  mining  locations  and  mines  in  this  district- 
Most  of  the  lots  in  the  vicinity  of  the  main  shaft  of  the  Victoria  mioM 
were  thus  minately  examined,  and  later,  other  properties  such  as  the 
Harray,  Lady  Violet,  Mount  Nickel,  Beatrice  and  Cryderman  mines 
were  also  similarly  troated.  A  magnetic  survey  was  also  made  of  the 
Cochrane  property  on  the  Northern  Nickel  Range.  It  is  imposai- 
hie  to  get  the  details  of  the  results  of  this  work,  as  the  maps  which 
were  prepared  with  great  care,  are  the  property  of  the  Hond 
Nickel  Company,  the  information  being  regarded  as  of  a  confidential 
nature. 

The  value  of  such  work,  however,  when  properly  undertaken,  is 
beyond  all  doubt,  although,  considerably  more  care  and  expense  is 
necessary,  than  is  the  case  with  magnetite.  Speaking  roughly  the 
magnetic  permeability  of  magnetite  ib  about  five  times  as  great  as 
pyrrhotite  although  this  latter  mineral  varies  very  greatly  in  this 
respect.  It  is,  therefore,  imperative,  that  the  lines  along  which  the 
magnetic  observations  are  made,  should  be  correspondingly  closer 
together.  In  most  of  the  detailed  work  undertaken  by  the  Mond 
Nickdl  Company  these  lines  were  only  separated  by  intervals  of  20  feet, 
while,  in  some  special  cases,  where  fuller  information  was  desired  or 
necessary,  a  distance  of  only  10  feet  intervened  between  the  various 
observation  stations.  For  some  time,  commencing  in  1903,  Mr.  Thomas 
A.  Edison  carried  on  rather  extensive  magnetic  surveying  in  the  area 
between  Sudbury  and  Wanapitei  lake,  with  a  view  of  discovering  new 
deposits  of  nickel  ore.  The  efforts  of  the  several  parties  engaged  ia 
this  work,  are  stated  to  have  met  with  a  considerable  degree  of  success, 
as  on  the  strength  of  the  information  obtained,  various  mining  locations 
were  applied  for.  Messrs.  J.  A.  Robert  and  G.  F.  Kay,  have  also 
conducted  magnetic  surveys  under  the  auspices  of  the  Lake  Superior 
Power  Company.  The  publication  of  Dr.  Haanel's  report  ( ' )  'On  the 
Location  and  Examination  of  Magnetic  Ore  Deposits  by  Magnetometric 
Measurements  '  shoa'd  stimulate  this  method  of  inquiry,  not  only  in 
connection  with  these  pyrrhotite  deposits,  but  also  as  regards  our 
magnetic  iron  deposits.    It  is  the  only  detailed  account  of  the  Swedish 

(1)  Fubliihed  by  the  Department  oF  Interior,  Ottawa,  Canada, 
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method  which  has  yet  appeared  in  the  English  language.     With  the  Use  of 

exception  of  magnetic  observations  to  assist  in  the  geologiciJ  mapping,  aurveying  hj 

chiefly,  of  the  iron   formations   and   associated  rocks   of  the   L»ke  g™il|J*'  ^ 

Superior  district,  details  of  which  are  furnished  by  Frof.  H.  L.  Smyth 

('),  no  very  extensive  nse  of  magnetic  instruments  has  been   made 

in  any  other  country  outside  of  Sweden.  The  Swedish  instniments 

may  be  obtained  from  J.  Fr.  Berg,  instrument  maker,  Stockholm,  and  ?''!?^. 

are  the  most  perfect  and  suitable  for  the  work,  which  have  yet  been  instrumuits 

manufactured.     All  necessary  descriptions  and  information  in  regard  ^^h^aed. 

to  tbeir  operation  may  be  obtained  by  consulting  Dr.  Haanel's  work 

which  he  hopes  may  be  of  service  to  the  mining  profession. 

CLASS! FICATI OH   AND   OCMEaiS   OP  NICKEL   OBBB. 

Mineralogically,  the  ores  of  nickel  may  be  divided  into  eight  classes,  Minenlofpcal 
as  follows:  1.  Sulphides;  2.  Arsenides  and  sulpb-arsenides ;  3.  «»»lph- ^("^j,^^^ 
antimonides;    4.  Sulpho-bbmuthides ;    5.  Tellurides.  6.  Silicates;  7. 
Oxides  and  Salts  ;  8.  Carbonates. 

Uany  of  the  nickel  minei'ats,  included  under  these  divisions,  are  un-  Vo^'a  clud- 
important  in  an  economic  sense,  and  Vogt  (')  haa  shown  that  sU  p' nj^g]''(,J|^ 
those  which  are  commercially  valuable,  fall  naturally  into  three  main  into  three 
groups.  ^"'^' 

1.  Ores  containing  arsenic  and  antimony,  with  or  without  bismuth,  orta  contain- 
such  OS  niccolite,  geradorEBte,  chloanthite,  Ac.  MtTn^v"*" 

2.  Sulphide  ores  (without   arsenic),  as  for  example,   nickeliferous  Sulpbideoi«i 
pyrrhotite  and  pyrite,  pentlandite,  polydymite,  millerite,  &c. 

3.  Silicated  nickel  ores,  such  as  genthite,  garnierite,  Ac.  saicsie»of 
The  arsenides  and  sulph -arsenides,  belonging  to  the  first  group,  occur  pf)Q(^',_i 

principally  in  veins,  as  for  instance,  the  old  and  well  known  metalliferous  localltiM 
lodes  of  Saxon  and  Hungary  ;  Mine  la  Motte  and  Bonne  Terre,  in  Uis-  arsenide  oiea 
souri ;  the  Gem  mine  in  Fremont  county,  Colorado  ;  the  Macdonell  or  ■"  ^°°°^ 
Oersdorffite  mine,  in  the  Sudbury  District,  Ont.  ;  and  the  recently  dis- 
covered deposits  near  Haileybury  on  the  west  side  of  Lake  Timiskamiag, 
Ontario. 

By  far  the  largest  deposits,  belonging  to  the  second  group,  are  the  qi^j^  lotmli- 
nickel-copper  sulphide  ores,  of  the  Sudbury  District,  in  Canada,  which  *'?^.^^™ 
are  the  subject  of  the  present  bulletin,  but  Norway  has,  for  many  years,  are  found, 
operated,  on  a  large  scale,  precisely  similar  concentrations.     Other 
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clowl;  related  ore  bodiea  hsve  al'o  beea  worked  u  miaee,  a*  »t  Varello, 
ID  Piedmont,  Itnly  and  at  Lancaster  Gap  in  Penosjlvanio-  The  deposits 
which  have  been  partially  developed  and  worked,  near  St.  Stephen,  in 
the  Pravinee  of  New  Bruiuiwick,  Canada,  are  aleo  apparently  of  the 
same  nature.  The  most  celebrated  and  extensive  of  the  deposits, 
rilkM^l!^.  representative  of  the  third  group,  are  those  of  New  Caledonia.  Impor- 
tant bodit^s,  however,  of  similar  silicates,  are  known  to  occur,  and 
have  been  developed,  to  some  extent,  near  Riddle's,  in  Douglas 
county,  Oregon,  and  near  Webster,  the  capita  of  Jackson  county, 
in  western  North  Carolina. 

Geologic«l  The  veins  of  the  flrat  group  occur,  either,  penetrating,  or  in  intimate 

and  origin  of    connection  with  eruptive  rocks  of  the  peridotite  or  gabbro  type,  and 
Butph-anpiii-    *'^  generally  found  in  the  more  decompoaed  or  altered  portions.  These 
de«of  nickBl.    basic  igneous  rocks,  as  is  well  knovrn,  contain  appreciable  quantities  of 
nickel,  as  a  normal  conatituent.     The  extremely  rich  nickel  ore,  con- 
tained in  these  veins,  has  therefore,  evidently  been  derived  from  the 
leaching  out  of  the  nickel  from  the  neighboring  rook,  daring  certain 
processes  of  alteration,  to  which  it  has  been  subjected. 
Suliibidffi,  The  method  of  formation  of  the  sulphide  deposits  of  the  second  group, 

of'^^natic  typified  by  the  Sudbury  deposits,  has  already  been  discussed  at  length, 
differentation,  and  thfi  conclusion  reached,  that  they  are  the  direct  product  of  the  dif- 
modihed  Ijy      ,  .,,,..  ,.~    ,  , 

•ome  »«con'      ferentiatlon  of  a  basic  igneous  magma,  modified,  to  some  extent,  by  pro- 
y  action,     ^ggg^g^   which  are  usuallj'  grouped  together  under  the  designation  of 
secondary  action. 
GeoloRickl  The  silicates  of  nickel  are  always  confined  to  areas  underlaid  by  in- 

of  ■ilicat«8       trusive  masses  of  non-felspathic  basic  magnesian  rocks,  of  the  perido- 
"''^''^  tite  family,  the  several  varietal  forms  of  which  are  distinguished  from 

one  another  by  the  names  of  duuite,  saxonite,  websterite  and  eherzoUte 
These  rocks  are  always  more  or  less  decomposed  to  a  serpentinous  ma- 
terial, so  that  the  type  of  rock  with  which  these  deposits  occur,  is  usu- 
ally described  as  serpentine. 
Mode  of  The  ore  raroly  crops  out  at  the  surface,  but  is  covered  with  a  thick 

Siiait^of "  «>*''tle  of  decomposed  material,  from  which  most,  if  not  all,  of  the  nic- 
niokel.  tel  has  been  leached,  to  be  concentrated  in  places  a  few  feet  lower  down. 

This  covering  or  soil  is  very  highly  ferruginous,  with  occasional  large 
'  chert '  fragments  lying  about.     These  psfiudo-boulders  of  so-called 
chert,  are  considered  a  favourable  sign,  in  prospecting  for  the  ore  bo- 
dies, for  they  invariably  indicate  the  presence  of  the  peridotite  beneath. 
ExriUiwtian     '^^''J  really  represent  residual  portions  of  the  peridotite,  which  escaped 
of  occurrence   l^^g  wholesale  decomposition,  on  account  of  their  being  held  togetJier 
fragments.       by  au  intricate  series  of  quartz  vainlets,  the  interatices  of  which  are 
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oocnpied  by  only  partially  decomposed  peridotite.  The  surface  mantle 
or  soil  aaaally  varies  fro  n  nothing,  up  to  a  few  foet,  when  it  gives  place, 
gr&dually,  to  a  loose,  brownish  material,  representing  the  decomposi- 
tion of  the  peridotite  '  in  situ.'  This  usually  shows  abundant,  but  Nickel 
small  and  intricate  veins  and  reinlets  of  the  greenish  silicate  of  nickel  g^^^ 
and  magnedium,  often  with  abundant  scales  of  chrome  mica.  In  pla- 
ces, irregular  fissures  and  cavities,  often  ^f  considerable  size,  are  occu- 
pied by  rather  pure  silicate  material.  This  brownish,  loose  material 
gives  place,  in  torn,  to  a  brownish,  soft,  friable  rock,  filled  with  smaller 
but  harder  and  rich  veinlets  of  the  nickel  silicate,  while  this,  again,  is 
replaced  further  down,  by  the  unaltered  peridotite,  which,  it  is  believed, 
will  contain  little  or  none  of  the  silicate  concentrations. 

Analyses  of  the  associated  dunite  or  webeterite,  from  the  North  Ca-  Determiiw' 
rolina  occurrences,  show  the  undeoomposed  rock  to  contain,  from  015  ni^i^ 
to  0-3d  per  cent  of  nickel  oxide,  while  the  nxonite,  in  which  the  Oregon  peridotite 
occarrences  are  developed,  contains,  according  to  Diller,  010  per  cent  ciat«d  with 
of  nickel  oxide,  while  the  olirine  itself,  of  which  the  rock  is  mainly  com-  '  "*      ""* 
posed,  contains  0'26  per  cent  of  nickel  oxide.  This  is  a  very  usual  occur- 
rence, and  the  undecomposed  peridotite  of  New  Caledoma  often  con- 
tains as  high  as  1  per  cent  of  nickel  oxide.  Similar  rocks,  from  the  Eastern 
Townshipsof  Canada,  show  the  presence  of  0*15  to  0'36  per  cent  of  oxide 
of  nickel,  without  cobalt  while  the  associated  chromic  iron  ore  also 
contains  0-22  per  cent  of  oxide  of  nickel,  with  distinct  traces  of  cobalt. 
It  is  almost  impossible  to  collect  any  of  the  brownish  material,  result- 
ing from  the  decomposition  of  these  peridotitea,  without  finding  an 
apprdciable  amount  of  nickel  present.     It  appears  certain,  therefore,  OHgin  of 
that  the  nickel  has  been  leached  out  of  the  surrounding  rock,  and  °'f '^ckel.™*" 
redeposited  along  with  silica  and  magnesia  in  all  available  cracks  aud 
intorspaces.     The  peridotite  is  always  readily  decomposed  under  ordi- 
nary conditions  of  atmospheric  decay,   the  magnesia  being  the  first 
ingredient  to  be  carried  away  in  the  form  of  a  carbonate     This  is 
followed  by  the  silica  and  nickel,  which  is  redeposited  at  lower  levels 
and  in  suitable  places.     The  result  of  such  an  origin,  will  be  the  Compara- 
occurrence,    at   these  several  localities  mentioned,  of  comparatively  deiiMite.     °^ 
shallow  depoeita,  their  downward  extension,  depending  almost  entirely 
on  the  depth  to  which  decomposition  has  proceeded.     On  the  other 
hand,  the  ease  with  which  many  of  these  deposits  may  be  mined,  and  Attntctive 
the  large   amount  of   comparatively    rich  and  desirable  nickel  ore,  '^^P*>"^- 
which  may  be  thus,  secured,  make  them  particularly  attractive. 

10 
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DISTBIBVTIOS  OF  NICKEL  OSES. 

Uree  of  nickel  Or«s  of  nicket  are  much  more  evenly  and  abundantly  distributed 
diBtrRiution  '^  °^°^  '^^  whoIe  woHd  than  is  generally  supposed,  but  in  only  a  few 
butnrelrol  countries  are  the  deposits  of  such  dimensions,  as  to  warrant  their 
iiuiioTUuioe.     development  as  workinf;  minee,  and,  at  the  present  day,  the  mines  of 

New  Caledonia,  and  those  of  Sudbury  produce  almost  the  whole  of  the 

world's  supply  of  nickel.  ^ 

Veradejjosiu  Small  quantities  of  the  arsenides  and  snlph-arsenides  of  nickel  are 
andHungaiT.  found  in  association  with  ores  of  silver,  lead,  bismuth  and  cobalt,  in  the 
well  known  veins  of  Saxony  and  Hungary.  As  a  rule,  however,  this 
nickel  may  be  regarded  as  a  by-prodnct  obtained  in  the  refining  of 
these  ores,  and  although  valuable,  it  forms  a  comparatively  small  propor- 
tion in  comparison  with  the  other  metals  present. 


NloVtl  or™ 

land  sad 
«l>ecially 


Nor 


'»?■ 


Nickel 
Scotltuid, 
Ireland  and 

W>lt«. 
Nickt'l  in 


Matte. 
Nickel  in 
Colorado. 


I  Nickel  also  occurs  in  Sweden  and  Finland,  and  the  famous  deposits 
of  Norway,  for  many  years  produced  a  comparatively  large  proportion 
of  the  nickel  of  the  world.  Nickel  is  also  known  to  occur  in  Scotland 
while  the  serpentines  of  the  west  of  Ireland,  and  those  of  Cornwall,  all 
contain  a  little  nickel  associated  with  them. 

In  Russia,  nickel  has  been  reported  from  Bewdinsk  and  Zanghesour. 
The  most  celebrated  deposit  of  nickel  in  the  United  States  is  at  the 
Oap  mine,  in  Lancaster  Co.,  Pennsylvania,  but  this  mine  suspended 
operations  in  1^91.  The  domestic  production  of  nickel  in  the  United 
States  is,  at  present,  all  <lerived  as  a  by-product,  from  the  treatment  of 
the  lead  ores,  which  are  found  in  the  mineralized  portion  of  the  sedi- 
mentary limestones  at  Mine  la  Motte,  Missouri.  Very  rich  nickel  ore 
has  been  found  in  the  '  Gem  mine  '  in  Fremont  Co.,  Colorada  Nickel 
minerals  are  also  known  to  occur  at  other  localities  in  this  state,  as  for 
example,  in  the  hornblendic  rock  near  Salida,  associated  with  copper, 
and  also  in  small  quantities,  in  some  of  the  ores  from  the  Leadville 
region.  The  occurrence  of  nickel  has  also  been  reported  from  several 
places  in  California.  At  the  Kelsey  mine,  in  Los  Angeles  county,  nickel 
I  and  cobalt  are  found  in  the  form  of  arsenates,  together  with  silver- 
gUnce  and  native  silver,  in  a  fissure  vein,  in  close  relation  with  a  dyke 
rock,  probably  diorite.  The  associated  ores  contain  7  to  15  per  cent 
cobalt,  and  2  to  3  per  cent  nickel,  and  1,000  to  1,400  ounces  of  silver 
per  ton.  (')  Nickel  also  occurs  at  the  cobalt  mines  near  Chatham, 
Connecticut.  Some  important  l>oJies  are  known  to  exist  in  Nevada 
bat  these  have  not  been  extensively  developed.     Nickel  ores  are  also 

(1)  pine.  CoL  Soi.  Soc.    Vol.  IV,  ISBl-SS,  pp.  4lit-2(l. 
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reported  from  Idaho,  Arizona  and  Nev  Mexico.     Rich  ores  of  nickel  Nickel  in 
a1ao  occur  in  the  copper  diatrict  south  of  Lake  Superior.     The  most  Arizona,  New 
important  deposits  of  nickel  ore  at  present  known  to  exist  in  the  United  MBiioo. 
States,  are  the  silicates  of  North  Carolina  and  Oregon,  to  which  more 
detailed  references  will  be  made. 

In  Canada,  the  distribution  of  the  nickel  depoeita  occurring  at  Sud- 
bury, have  already  been  described,  but  important  bodies  of  similar  sul- 
phide material  are  also  known  to  occur,  and  have  underj^nti  prelimina- 
ry deyeiopment  at  St.  Stephen,  New  Brunswick.     Other  ooourrenoea  „J^  g^" 
are  reported  from  British  Columbia,  and  the  Province  of  Quebec,  but  Stephen,  K.B. 
these  are  at  present  of  no  economic  importance.     In  Newfoundland, 
rich  nickel  ore  has  been  found  in  considerable  quantities  at  the  Union 
mine,  at  Tilt  cove,  in  Notre  Dame  bay.  Australia,  New  Zealand,  South  New  Caledo- 
Africa  and  Chili,  all  contain  deposits  of  nickel  ore,  but  New  Caledonia  ^j^it'e  ri™l 
is  the  only  formidable  rival  with  which  Sudbnry  has  at  present  to  of  Sudboiy. 
deal. 


The  Wallace  mine,  about  a  mile  west  of  the  mouth  of  the  Whitefish  Nickel  firet 
river,  on  ihe  north  shore  of  Lake  Huron,  isof  historic  interest,  as  being  q^^™^'^" 
the  first  place  in  which  the  preeence  of  nickel  was  recognizAd  in  Canada.  WMUce  mine. 
It  was  Sr«t  opened  as  a  copper  mine,  in  1847.     During  the  season  of 
1848,  thii9  location  wAs  visited  by  Mr.  Alex.  Murray,  Assistant  Fro. 
vincial  Geologist,  who  reported  on  the  geological  associations  and  pro-  Description  of 
bable  extent  of  the  deposit.  (')  This  occurrence  has  also  been  described  demsiTby'S^ 
by  Mr.  C.  W.  Dickson  ('-),  as  consisting  of  pyrrhotite,  pyrite  and  chal-  W.  Diclteon. 
copyrit«,  occurring  at  the  junction  of  two  small  dykes  of  miea-diorite, 
which  are  intruded  into  the  surrounding  quartzitea.     The  mining  de. 
velopmeot  work  undertaken  did  not  reveal  any  large  body  of  ore,  and  No  large  body 
although  a  considerable  amount  of  copper  ore  was  enoountered,  in  osso-  "  °^' 
tion  with  a  rich  arsenical  ore  of  nickel,  the  occurrence  of  the  latter  in 
very  small  veins,  adjacent  to  the  southern  wall  of  the  mine,  did  not  jj^g^ 
encourage  extensive  mining  operations,  and  the  mine  was  accordingly  abandoned. 
soon   abandoned.     The   material,  obtained  by  Murray,  in  1848,  was 
handed  to    Dr.  Hunt  for  analysis.     This  specimen,  weighing -forty-  Deecription 
five  ounces,  is  described  by  Dr.  Hunt,  as  'a  steel  grey  arseniuret,  the  specimeng 
species  of  which  I  have  not  yet  determined,  with  iron  pyrites  and  pro-  ^Hected.  by 
„ . __ — 18«."'^"' 

(1)  Rep.  ofFro?ras8,i:eo1.  Sutv.  Cat.,  1848-49,  pp.  42-49  ;  also  pp.  OI-Gl  i  kIsoGeol. 
of  Cansds,  1863,  pp.  09-60,  606,  69^  737  )  also  Min.  R«e.  Out.,  1890,  pp.  24,  07,  91 
«ida7. 

(2)  Trans.  Amec.  Inat  Min.  Zag.  1903. 
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bably  some  arsenical  snlpharet  of  iron.'     The  atinlyau  of  the  wholft 

mass,  when  poirdered.gftve  the  results  ander  I.  Thefiratfiveanbetances 

ChancMr  and  making  5930  per  cent  of  the  ore,  are  separated,  as  corresponding  to  the 

podtion'o?™  metallic  portion  of  the  mass,  although,  it  is  probable,  that  a  portion  of 

oteofW&IUce  the  iron  is  derived  from  the  gangue.     The  cobalt  equals  about  three 

parte  in  a  thousand  of  the  weight  of  the  nickel.  Removing  the  gangue, 

and  re-calculating  the  remainder  to  100,  we  get  the  results  under  II. 


Iron 24-78  4179 

Nickel  (with  a  tnwe  of  cobalt)     826  13-93 
Arsenic  (mean  of  two  deter- 
minations) ......'. 3*57  6  -  02 

Sulphur 22-63  3816 

Copper 006  O'lO 


Silica 28-40 

Carbonate  of  lime 1 '  00 

Magn«>Bia 4-40 


99-31 

Deacri|itirm  Two  ores  of  nickel  are  described  by  Dr.  Hunt,  (' )  as  occurring  '  in  a 

co^  ^'^?"'*L  ^1.  catting  a  bed  of  amygdaloid,  on  Micbipicoten  island,  in  Lake 
niccolite  ftnil  Superior.  The  first  of  these  is  a  brittle,  massive  ore,  associated  with 
Michipiojten  li^^rtz  and  having  a  brilliant,  metallic  lustre  and  a  colour  varying  from 
ial«nd.  tin-white  to  bronze  yellow.     Its  hardness  is  5  and  its  specific  gravity 

varies  from  7*35  to  7 '40.     The  mineral  is  variable  in  composition. 

The  reaults  of  four  analyses  were  as  follows ; 

I  11  III  IV 

Arsenic 37-36  44  67  

Copper.    44-70  3081  2760         10-28 

Nickel 17.03  24-55  27-29        3639 

Silver 025  0-21         

Total 99-09       100-28 

(U  GfoL  of  C«n..  18C3,  pp.  500  and  737. 
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The  above  variable  results  are  due  to  the  material  analyzed,  consist- 
ing of  a  mixture,  in  diSerent  proportions,  of  niccolite  (nickel  H '  1  per 
cent  and  arsenic  55-9  percent)  and  domeykite  (copper  717  percent 
«Qd  arsenic  28 -3  per  oent). 

The  aecoad  or«,  uid  to  be  from  the  same  mine  as  the  preceding,  Description  o( 
occurs  as  the  gangne  of  native  copper  and  native  silver,  which  are  ^"c^^^ai 
scattered  through  it  in  grains.     The  material  ia  amorphous,  greeniflh-  ^?''^'H°°  '^ 
yellow  or  apple-green  in  colour,  with  a  waxy  lustre  and  &  conchoidal  niokel  of 
fracture.    It  is  very  soft,  polishing  under  the  nail,  and  falling  to  pieces  jjiand!'"^'*'' 
when  immersed  in  water.     It  is  decomposed  by  acids,  and  is  found  to 
be  essentially  a  hydrated  silicate  of  nickel.     Under  I,  is  an  analysis  of 
one  specimen  dried  at  212' F.     Under  II,  is  an  analysis  of  another 
specimen  dried  at  a  higher  temperature.     It  contuns,  besides,  traces 
of  cobalt  and  copper,  and  appears  to  be  identical  with  niokel-gymnite 
or  genthite.     Under  III,  ia  a  partial  analysis  of  a  specimen,  which 
oontained  small  disseminated  grains  of  the  native  metals. 


Silic 

33-60 

3S  80 

Oxide  of  niokel 

....   30-40 

32-20 

20-86 

Protoxide  of  inia . .  . 

2-25 

Lime 

409 

Magoeeia 

3-66 

Alumina 

8-40 

Water 

17-10   ■ 

12-20 

Cobalt 

tracee 

Silver 

2-66 

Copper 

traoea 

18-51 

The  arsenide  of  nickel  (niccolite),  has  also  been  found  at  the  3  A  jjj,;(^[ita  in 
mine,  on  lot  3  A,  of  the  township  of  McGregor,  in  the  District  of  Tuunder  Bay 
Thunder  Bay,  Ont.,  where  it  occurs  in  somewhat  large,  nodnlar  grains     "  " 
4ind]bunchea,  together  with  native  silver,  of  a  similar  form,  freely  dis- 
eiminated  through  a  gangue  of  calc-spar,  with  some  quartz.  (>) 

Nickel  is  seldom  or  never  absent  from  the  magnesian  rocks  of  the 


titles  of  this  metal,  rarely,  however,  n: 

It  has  never  yet  been  found  in  any  considerable  quaatities,  although 


(1)  Ann.  R«p.  Geol,  Sutv,  Cbo.  Vol.  V,  1890-91,  Part  R,  p.  47. 
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tb«  chromic  iron  ore  from  Hun,  gave,  on  analysu,  0  22  per  ceot  of 
oxide  of  nickel.  (').    Dr.  Harrington  also  found  a  Btnall  amonnt  of 

Nickel  from     Dickel,  in  th«  serpuntine,  brought  by  Dr.  Bell,  from  Pigeon  lake,  on 

ri"""^         the  Montreal  river,  Ontario.  {') 

Orfocd  Nickel      fining  for  nickel  iras,  at  one  time,  carried  on  at  lot  6,  con.  XII.,  of 

niiiM.  t{,e  township  of  Orford,  in  the  Province  of  Quebec,  but  operations  had 

evidently  been  suspended  for  a  oonsiderable  time,  before  the  year  18S3, 
when  Mr.  Willimott  visited  the  locality.  (' )  The  presence  of  niokel  at 
this  locality,  had  been  known  for  a  long  time  (*)  but  the  deposit  had 
not  been  opened  up  as  a  mine,  until  long  after  its  discovery.     The 

DnoriptioD  of  location,  known  as  the  Orford  Nickel  mine^  waa  developed  by  means 

'^'  of  two  small  shafts,  sunk  on  what  appears  to  be  a  large  calcite  vein, 

enclosing  small  tramtparent  green  crystals  of  chrome  garnet,  and  often 

penetrated  by  long  filaments  of  pyroxene,  of  a  greenish  or  yellowish 

colour.     The  chrome  garnet  also  forms  large  granular  mosses,  holding 

Occnrrencc  uf  sparingly  disseminated,  small,  brans-like  grains  and  crystals  of  millerite. 

millerite.  ^^  largest  crystals,    however,  are    generally   found   penetrating  a 

beautiful  cleavable  variety  of  oalcito,  and  often  exceed  three  inches  in 
length.     The  houses,  mining  buildings  and  smelting  furnaces   were 

Mine  nban.      abandoned  in    1S83,  with  the  exception  of    one  house,   which   waa 

dk^  before    occupied  by  a  caretaker. 

Nickel  from         -^  sample  of  iron    pyrites,  from   the   eleventh  concession  of  the 
JoliettaCo.,    Seigniory  of  Daillebout,  JoUette  Co.,  in  the  Province  of  Quebec,  yielded 

Dr.  Sunt,  0  5!^  per  cent  of  oxide  of  nickel  (=  0-43  per  cent  of  nickel) 

mixed  with  cobalt.  (') 
Nickel  bear-         ^  carefully  picked  sample  of  iron  pyrites,  occuring  on  lot  163  of  the 
inft  [lyrite  »t    cadastral  plan  of  8t  Jerome,  P.Q.,  was  analysed  by  Dr.  Harrington 

and  found  to  contain  copper  0.05  per  cent,  cobalt  0.22  per  cent  and 

nickel  0.10  per  cent.  (•) 

Pvriie  with  ^''  ^""^  mentions  that  a  bronze-coloured,  impalpable  variety  of 

nickel  «4t(l        iroQ  pyrites,  in  irrei^ular,  reniform  or  gtobular  masses,  which  occurs 
BoigeM,  Ont.  with  oopper  pyrites,  in  the  township  of  North  Burgess,  Ont.,  gave  him 
on  analysis,  3.47  per  cent  of  cobalt  and  3.21  per  cent  of  nickel.  (^) 

(1)  Rep.  of    Prognwi,  GeoL   Surv.  Cm.   t$5S-66,   pp.  13S-4T4 ;   ftlso  Geo),  of 
C«n.  1863,  pp,  B07  and  6M. 

(2)  Ann.  Rep.  Geol.  San.  Can.,  1876-77,  p.  483. 

(3)  R«p.  of  Progrou  Geol.  3<irv.  Can.  lSSO-82,  Part  G.G.  p.  6. 

(4)  GeoL  of  Can.,  1863,  p.  738. 

(5)  GeoL  of  Can.,  1863,  p.  B06. 

(6)  R«p.  of  Pro([Teea  Geol.  Sarv.  Can.  1876-77,  p.  482. 

(7)  Kep.  of  ProgreM,  Geol.  Sur,  Can.  1863-66,  p.  217. 
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Dr.  Adama  &ualyzed  a  specimen  of  p^rrhotite,  associftted  with  a  Pj'nbotite 
little  chalcopyrite  and  sphalerite,  with  a  email  amount  of  intermiagled  pic  ialaad, 
chlorite,  from  Pic  island.  Lake  Superior,  and  found  it  to  contain  0.562  g^^^j^^ 
per  cent  of  nickel  and  0. 1 38  per  cent  of  cobalt.  ( > ) 

Dr.  Hoflbiann  analyzed  a  specimen  of  iron  pyrites,  from  Londonderry,  ^rite  with 
N.8.,  which  he  found  to  contain  0.14+  per  cent  of  nickel  and  0.813  i]^^||^derry. 
per  cent  of  cobalt.  {*)  ^'-S- 

Nickel  has  also   been    met   with  in    British  Columbia,  at  various 
localities,  associated  with  pyrrhotite  and  other  sulphides.    Qersdor£Ste  Occorrence  of 
has  been  observed,  in  the  form  of  small  octahedral  crystals,  distribut'  d  ^^JJe^^^^j 
through  specimens  which  show    an  intimate  association  of  massive  B.C. 
pyrrhotite   and  chalcopyrite,  from  the  Cotumbiai-Kootanie  property,  Detennina- 
one  mile  and  a  quarter  northeast  of  the  town  of  Rosaland.    The  whole  "^i.'^ 
sample  which  weighed  6  lbs.  10  ozb.  was  analyzed  by  Mr.  F.  U.  Wait 
(')  who  found  it  to  contain  0.65  per  cent  nickel,  with  traces  of  cobalt 

Considerable  interest  has  been  manifested  in  the  deposits  nickeli 
ferous  pyrrhotite  occurring  near  St.  Stephen,  N.B.     These  deposit   st  Stephen 
were  first  visited  and  described  by  H.  P.  H.  Brumell.  {*)     Dr.  R.W  ^*P°'',Itff'' 
Ells,  who  visited  the  localities,  where  these  ore  bodies  ocour  during  BruuielL 
the  summer  of  1903,  has  furnished  the  followioi;  description.  (^) 

The   nickel  bearing  rocks  of  St.  Stephen  were  specially  examined,  Description 

and  found  to  consbt  of  never  intrusives,  instead  of  the  Lau  entian  "'  xi'^'^e'     , 

,  ,      ~  beftring  rocki 

granites,  as  at  one  time  supposed.    The  rocks  are  chiefly  of  the  gabbni  oESuStephen, 

type,  which  have  penetrated  and  altered  a  series  of  black  and  gray  EUei'    ^    ' 

slates,  the  age  of  which  has  also  been  a  matter  of  much  doubt.     They 

were,  at  one  time,  supposed  to  be  of  Silurian  age,  but  from  the  absence 

of  fossils,  this  point  has  never  been  fully  determined.     As  developed 

about  the  head  of  Oak  bay,  it  was  supposed,  that  here,  they  might  be 

the  equivalents  of  some  portion  of  the  primordial  of  the  St.  John  area, 

but  this  point  also  has  never  been  determined  bj  finding  fossils..     On  ^^     ^j  nictoi 

the  geological  map  of   the  district,  they  are  provisionally  coloured  b^rinj;  rocks 

Cambro-Silurian.     They  apparently  underlie,  conformably,  the  sandy  " 

(1)  Ann.  B«p.  Geol.  Surv.  Can.,  1880-82.  Pan  H.,  p.  IB. 

(2)  Ann.  Rep.  GeoL  Sdtv.  Can.,  1ST4-76.  p.  14  and  VoL  V,  1800-91,  Part  R.  p.  48. 

(3)  Ann.  Rep.  Geol.  Surv.  Can.,  Vol.  IX.  1896,  Part  R.  p.  15.  16  and  38. 

(4)  Ann.  Rep.  Geol.  Surv.  Can.,  Vol.  IV,  1890-01,  Part  SS.  pp.  112-114 )  also 
Vol.  X,  1897   Part  M.  pp,  27-30. 

(5)  Summ.  Rop.  GeoL  Surv.  Can.,  1903,  pp.  1A6-159. 


ib.  Google 


Nickel  occiK 

atSt.btephe 
N.B. 


Minlnft 

development 

Todd  mine. 


MiniDjt  work 
undertaken 

atC>rroU 


Openings 
near  edge  of 


152  GEOLOaiCAL  BURVET   OF  CANADA 

slates,  whicb  &ra  regarded  as  Devooian  and  which  occupy  the  north- 
west portion  of  the  county,  and  on  thia  baaU,  their  age  might  be 
Upper  Silurian. 

,1  They  are  extensively  altered  in  many  place',  changing  into  mica  and 
chia!<tolit«  schists,  but  these  alterations  are  purely  local,  and  caused  by 
intrusions  of  Ihe  gabbro  masses.  They  resemble,  in  certain  points,  pre- 
Cambrian  schists,  but  not  as  a  series.  Further  detailed  examinations 
.for  fcssils,  will  bo  required,  to  finally  settle  the  question  of  their  tme 
horizou. 

I       The  nickel  near  St.  Stephen,  occurs  in  pyrrhotite,  as   at  Sudbury, 

,  but  the  associated  rocks  are  of  a  very  different  geological  horizon 
from  those  of  the  latter  dietrict.  The  pyrrhotite  is  found  in  gabbro 
masses,  which  cut  a  series  of  slates,  and  have  altered  these  extensively 
along  the  contacts.  The  mineral  occurs,  apparently,  in  pockety  masses, 
which  are  probably  quite  local  in  character.  The  ore  ts  found  at  a 
number  of  points,  but  attempts  at  miaing  for  nickel  have  been  made 
chiefly  at  two  places,  an  what  are  known  as  the  Rogers  and  Hall 
farms.     The  former  is  usually  styled    the  Todd  mine,  the  latter  the 

■■  Carroll  mine. 

On  the  Rogers  farm,  considerable  work,  mostly  of  an  exploratory 
nature,  has  been  done.  .A  shaft,  12  x  12,  has  been  sunk  for  24  fe«t, 
and  three  trenches  have  been  cut,  with  depths  ranging  from  three  to 
eight  feet,  the  principal  one  being  rather*  more  than  two  chains  in 
length,  on  a  course  of  S.  54°  W.,  magnetic.  In  this  trench,  the  ore  is 
exposed  for  a  little  mote  than  30  feet  along  the  line  of  excavatiin,  the 
rest  of  the  out  showing  partly  mixed  ore  and  partly  rock.  The  width 
of  the  ore  body  was  not  ascertained,  as  sufficient  development  work  has 
not  been  done  to  decide  this  point. 

On  Hall's  lot,  (Carroll  mine),  several  shafts  have  been  sunk,  one  of 
77  feet,  one  of  14  feet  and  one  of  12  feet.  In  addition,  a  bore-hole  with 
a  diamond  drill,  was  carried  down  from  the  bottom  of  the  deepest  shaft, 
to  a  further  depth  of  163  feet.  From  information  obtained  from 
Mr.  J  Carroll,  the  first  40  feet  of  the  main  shaft  was  in  ore,  but  from 
that  point,  to  the  bottom,  the  ore  was  mixed  with  rock. 

The  formations  at  this  place  are  practically  the  same  as  on  the  Todd 
area.  The  openings  are  apparently  near  the  eastern  edge  of  the  gab- 
bro mass,  since  altered  slates  aie  seen  in  close  proximity. 

An  examination  of  the  specimens  collected  from  one  of  these   depo- 
sits, about  three  miles  north  of  St.  Stephen,  was  conducted  by  Mr.  R. 
A.  A.  Johnston,  (^)  who  gives  the  following  description. 
(I)  Ann.  Rep.  Gcol.  Surv.  Cm.,  Vgl.  V.,  1890-9],  Pact  K,  p.  3S.  ' 
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'The  material  consisted  of  pyrrhotite,  through  which  was  diasemi- Description 
fiat«d  &  little  copper  pyrites,  and  a  very  sm^l  amonnt  of  qnartzose  ^"aj^^^ 
gangne.'  A  partial  analysis  gives  the  results  under  I,  or  calculated  on  ore  from  St. 
the  material  free  from  all  gangae,  under  II. 

I  II 

Nickel         i-72%    ■     1.82% 
Cobolt        0-16%         0.17% 
Copper        0-31%        033% 
Fyrrhotit«,  in  association  with  chalcopyrite,  and  a  little  magnetit«,  in  Aseoci&tian  of 
a  gangue  of  greenish-gray  serpentine,  obtained  from  Thompson's  farm,  ^nd^Mjtial 
St.  Stephen,  waa  partially  analyzed  by  Dr.  F.   D.  Adams.  (')     The  aoalyaiB  fram 
pyrrhotite  constituted  approximately,  about  one  fourth,  by  weight,  of  farm?'™" 
the  whole.     The  pyrrhotite,  caref'.'illy  freed  from  the  associated  mine- 
rals, wsa  found  to  contain,  nickel  0923  per  cent,  and  cobalt  0-394  per 

Partial  analyses,  by  Mr.   M.  F.  Connor,  of  this  Department,   were 
made  of  Gpecimens,  selected  by  Mr.  R.  A.  A.  Johnston,  from  both  the  Atitijeea  of 
Todd  and  the  Carroll  properties.     The  specimen  from  the  Todd  mine,  "ITd'ci^r''* 
4»)nBi8ting  of  nearly  pure  pyrrhotite,  with  a  small  proportion  of  inter-  mines. 
mixed  chalcopyrite,  and  with  about  10  per  cent  of  gangue,  gave  nickel 
1-38  percent,  and  cobalt  021  per  cent.  The  specimen  from  theCartolI 
mine,  which  was  almost  pure  pyrrhotite,  with  very  little  chalcopyrite, 
and  leas  than  5  percent  of  gangue,  gave  nickel  1'35  per  cent  and 
cobalt  0  21  per  cent.  ^  onSwm 

It  wilt  thus  be  seen,  that  the  ore  is  of  lower  grade  than  that  gene-  ^.t  of^  ^ 
rally  met  with  and  mined  at  Sudbury,  so  that,  for  the  present,    at  any  Sudbury. 
rate,  unless  large  bodies  are  encountered,  these  deposits  will  not  be 
able  to  compete  with  the  much  larger  and  richer  deposits  of  Sudbury.  Geolofiioal 

The  rocka,  at  all  these  places  appear,  to  be  very  similar  in  character'  °^  PyThotito. 
and  consist,  for  the  most  part,  of  a  gabbro,  varying  from  fine  to  some 
what  coarse-grained.     The  presence  of  the  pyrrhotite,  ia  indicated  by  ^       „  .^^ 
masses  of  gossan  at  the  surface,  and  in  places,  the  ore  is  largely  mixed  ed  contact  or 
with  rock.     There  does  not  appear  to  be  any  well  defined  contact  of  "*'""  ™ 
the  ore  body  with  the  adjacent  rack,  and  but  little  indication  of  a 
vein  Htructttre  ia  visible.     Outside  of  the  ground  covered  by  the  tren-  0^^^ 
fihes  and  pits,  the  surface  shows  thj  gossan  cap  at  a  number  of  points,  of  goswn. 
with  a  thicknees  ranging  from  a  few  inches  to  several  feet.     From  the 
fact  that  this  capping  shows  at  several  places,  east  of  the  main  trench, 
on  the  Rogers   farm,  it  is  probable,  that  masses  of  pyrrhotite  will  be 
found  over  a  considerable  area,  but  probably,  in  many,  cases,  bo  mixed 

(1)  Aon,  Rop.  GeoL  Surv.  Csn.  18«0  82,  Part  H.  p.  16. 
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with  rock,  that  careful  separation  would  be  Qccessarj  aftAr  mining. 
The  existenca  of  these  ore-bodies  could  be  be«t  proved  by  judicious 
boring  with  a  diamond  drill.  The  areas  of  gabbro  are  limited,  and 
.  appear  to  rise,  in  dome-shaped  mawes,  through  the  slate  formation,  at 
a  nainber  of  plains.  In  the  present  state  of  development  of  the 
district,  but  little  iDformatioik-of  a  definite  nature  can  be  given  as  to 


yet  »»»il«ble.  future  valaes. 


P>rti>! 

ON  obtainud 
fromE.  P. 


At  the  location  near  Moore's  mill,  while  the  gabbro  is  seen  at 
different  points,  the  pyrrhotite  appears  to  be  disaeoiinated  in  a  mass  of 
altered  schistose  slatee.  The  ore  here  is,  apparently,  also  of  a  low  grade, 
and  the  extent  of  the  deposit  not  large. 

Another  locality,  where  mining  for  nickel  has  been  undertaken,  is 
on  lote  11  and  12,  range  IX.,  of  the  township  of  Calumet  (Calumet 
island),  Fontiac  county,  in  the  Province  of  (Quebec.  (')  The  ore  is 
mostly  a  pyrrhotite,  containing  both  nickel  and  cobalt.  The  associated 
rocks  are  diorites,  that  cut  a  aeries  of  grey  and  msty  gneisses  and 
crystalline  limestones.  A  large  kooU  of  the  diorite,  r'mea  to  the  south 
of  the  ore  bed,  which  has  a  thickness  of  about  twelve  feet,  and  between 
it,  and  the  diorite  mass,  is  a  band  of  crystalline  limestone.  The  ore 
I  itself  is  associated  with  another  band  of  diorite,  that  apparei-tly  tra- 
verses grey  gneiss,  the  latter  being  seen  beneath,  or  to  the  north  of  the 
ore  deposit.  On  the  river,  a  short  distance  to  the  south  of  this  miaei 
the  formation  is  mostly  a  crystalline  limestone,  and  the  intrusions  of 
diorite  and  granite,  in  this  rock,  can  be  readily  seen.  The  band  of 
pyrrhotite  at  the  Cowen  mine,  dips  to  the  south,  at  an  angle  of  about 
50°.  A  shaft  has  been  sunk  to  a  depth  of  at>out  forty  feet,  and  cross- 
cuts have  been  made,  to  test  the  width  of  the  deposit. 

A  compact  massive  pyrrhotite,  through  which  was  diasemiaated 
small  quantities  of  quartzoee  gangne,  handed  to  Dr.  G.  C.  Hoffmann  by 
Mr.  E.  P.  Cowen,  was  partiii'ly  analyzed  by  Mr.  F.  O.  Wait,  giving 
the  results  under  I.  The  gaogue  constituted  i  ■  30  per  cent,  by  weight, 
of  the  whole  ;  so  that,  neglecting  this,  the  pure  sulphide  would  give  the 
results  under  II. 


cXm^ 
IiUnd. 


Nickel 3-88%        4'06% 

Cobalt 0-33%        0-33% 

A  quartz-amphibolite,  carrying  a  somewhat  large  quantity  of  pyr- 
rhotite, some  pyrite,  a  small  quantity  of  cbalcopyrite,  and  a  very  little 
zinc  blende,  was  obtained  from  the  southeast  half  of  lot  6,  range  II,  of 

(1)  Ann.  Rep.  G«J.  Snrv.  Can.,  Vol  XI.,  1888,  Part  A  p.  119. 
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the  towDsliip  o£  Calumet.  The  pjnrhotite,  freed  from  all  gangue  and 
associated  minerals,  was  fonnd,  by  Ur.  F.  O.  Wait,  to  contain  aiclcel 
1-46  per  cent,  with  do  cobalt.  (■). 

Cobaltiferons  Idllingite  (diaraenide  of  iron),  occurs  on  lot  16,  conces-  Colnltift-ruas 
sion  XIV,  of  the  township  of  Oalway.  The  specimen  was  received  by  Q^^^^t^t^ 
Dr.  Hoffmann,  from  the  late  Mr.  J.  B.  Campbell,  on  July  21,  1868.  ('^). 

The  miuemi,  which  was  associated  with  a  small  quantity  of  pyrrho-  Asmciatipa 
tite,  and  a  little  white  translucent  qnartz,  was  massive  and  exhibited  "haMew^ 
only  in  parts,  and  that  but  very  indistinctly,  any  approach  to  crystal-  Idllingite.     ■■' 
line  structure.     Colour,  steel-grey ;  lustre,  metallic  ;  brittle ;  fracture 
uneven ;  streak,  greyish  blach  ;  specific  gravity,  after  correction  for  a 
little  included  quartz  at  156°  C,  7-028. 

An  analysis  by  Mr.  R.  A.  A.  Johnston,  of  carefully  selected  material,  chemic&l 
afforded  the  results  under  I.    Deducting  the  gangue  (silica),  and  re-cal-  ?'|f''''7  ^y 
culating  the  remaining  constituents  to  100,  we  obtain  the  results  under  Johnston. 
II. 

I  II 

Arsenic 7011        7085 

Sulphur 0-80  0-81 

Iron 24«         2467 

Cobalt 2-85  2-88 

Nickel 078  079 

Gangue  (quartz) 1-69  

Totals ....100-64       10000 

This  mineral  had  not  previously  been  identified  in  Canada,  and,  if 
fonnd  in  quantity,  would  be  of  economic  importance. 

The  discovery  of  cobalt,  nickel,  arsenic  and  silver  ores,  on  the  west  Cobsit,  nickel 
side  of  Lake  Timiakaming,  Ontario,    was  made  public  in  November,  araeolc  and 
1903.     The  deposits  were  discovered  during  the  bailding  of  the  Timia  appear. 
kaming  and  Northern  Ontario  Ry.,  the  road  bed  of  this  new  govern- 
ment railway  running  almost  over   the  top  of  the  first  of  the  deposits 
discovered.     The  deposits  He  five  miles  south  of  the  village  of  Haiiey-  LkkeTeniis- 
bury,  which  is  106    miles   north  of   North   Bay,  and  333  miles  north  cambg 
of  Toronto.     At  the  time  of  Prof.  Miller's  (*)  visit,  from  whose  des-  deposiu. 
criptioQ  the  pree«nt  informatioa  is  obtained,  four  veins  or  deposits  e 


had  been  located,  in  the  vicinity  of  a  small  body  of  water,  known  as  ^  'p^'v^ 

&^  Miller.  ■ 

(1)  Ann.  Rep.  G«oL  Surv.  Con.,  Vol.  XI.  1898,  Furt  R  p.  39. 

(2)  Ann.  Bep.  Geol.  Surv.  Can.  Vol.  VI,  1892-93,  P«rt  R  p.  19  and  43. 

(3)  Eng,  «nd  Min.  Jour.,  Vol.  LSSVI,  Deo  10,  1903,  pp.  888-889 :  also  Canadian 
Mining  Reviev,  Dec.  Slat,  1903. 
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Ideation  of  Long  lake,  Ijinjit  about  half  &  mite  soath  of  the  southern  boundarj 
\S'mtt  "^  '"'*  ^  *"•*  ^'  *=*•"•  ^■'  **^  ^*  townahip  of  Bueke.  All  of  the 
Upper  reinB  cut  Uirough  the   slate  and  state  oonglamerate,    of  the  Upper 

rocltn.  HuFonisn.     The  presence  of  dykes  or  sheets  of   the  darker  coloared 

evuptives  was  suspected,  but  thej  were  not  definitely  refiognized. 
Preoence  of  The  slate  and  slate  coDglomerate  h&ve  a  alight  dip,  and  the  veins 
BUBi^teS*bu?  Inferred  to,  cut  them  almost  vertically.  The  strike  of  the  veins  Noa. 
not  TKog-  1  and  3,  is  approximately  northeast  and  southweet,  that  of  4,  is  east 
l^trike  of  and  west,  that  of  2,  northwest  and  southeast 
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smaltice  with 

ailier."" 

Presence  of 

and  genthitf. 
Mode  of 


Order  of 
genPTBtion  o 
coinpnBBnt 


Vein  No.  I 
mode  u|>  ol 
■maltite  on 
nicooliCe. 


Vein  No.  1  lies  east  of  the  railway  track,  at  the  edge  of  »  swamp, 
about  a  quarter  of  ^  mite  north  of  the  end  of  Long  lake.  It  has  been 
uncovered  at  three  points,  which  are  within  a  few  yards  of  oue  another. 
Medium-graioed,  dark-coloured  conglomerate,  is  found  on  one  wall.  At 
the  widest  opening,  the  deposit  has  a  width  of  over  6  feet,  but  the  vein 
matter  is  more  or  less  mixed  with  rock.  The  ore  consists  of  niccolite 
or  the  arsenide  of  nickel,  and  snialtitn,  the  diaraenide  of  cotnlt,  toge- 
ther with  much  native  silver.  On  weathered  surfaces,  the  vein  matter 
ia  coated  with  the  l)eautiful  decomposition  product,  erythrite  (oolialt 
bloom).  The  green  nickel  stain  (annaliergite  ?)  is  also  seen  on  some 
surfaces,  but  is  usually  masked  by  that  of  the  cobalt.  Nickel  silicate 
(genthite)  may  also  be  present.  The  B^condary  mineral  areenolite 
(ASfOg)  alsoocours.  Native  silver,  in  leaves,  films  and  fine  threads,  and 
moas-like  forms,  is  intimately  associated  with  the  nickel  and  cobalt 
minerals  especially  with  the  niccolite,  as  well  as  in  crocks  in  the  rook 
and  in  the  calcite  veinstone.  In  weathered  portions  of  the  ores,  the 
silver  shows  distinctly.  One  sheet,  composed  chiefly  of  silver,  had  a 
thickness  of  nearly  0.375  of  an  in.  and  a  diameter  of  about  one  fooL 
The  silver  appears  to  have  crystallized  earlier  than  the  niccolite,  which 
has  been  deposited  around  it.  The  smaltite  has  formed  still  later  than 
the  niccolite. 

On  location  No.  3,  which  lies  about  half  a  mile  southwest  of  No.  1,  the 
ore  body  is  distinctly  vein-like  in  form.  The  ore  is  a  mixture  of  smal- 
tite, and  probably  some  closely  related  arsenide,  such  as  safflorite  (Co- 
Aa^X  '^"^  niccolite.     It  was  found  to  have  the  following  composition  : 
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Analysis  I.  was  made  by  O.  S.  James ;  II.  and  III.  are  of  average 
samples  collected  by  W.  O.  Miller,  the  former  from  the  uppermost 
opening,  the  latter  from  the  middle  or  main  opening  the  analyst 
being  A.  O.  Burrows.  It  was  evident  that  III.  was  somewhat 
weathered,  as  it  showed  considerable  cobalt  bloom.  Analysis  IV.  is 
by  Dr.  J.  Waddell.  It  represents  a  specimen  collected  by  Frof.  Nicol 
This  specimen  was  not  taken  lik*'  II.  and  III.,  with  the  object  of 
determining  the  average  composition  of  the  vein.  Prof.  Nicol  states 
that  a  qualitative  analysiB  showed  the  presence  of  small  amounts  of 
copper  and  lead,  and  the  absence  of  antimony,  bismuth  and  zinc. 

This  ore  body,  unlike  the  others  examined,  carries  no  silver,  in 
the  parts  so  far  dbcovered.  Three  openings  have  been  made  in  the 
vein,  over  a  length  of  300  feet.  The  massive  ore  has  a  width  of  14  Mode  of 
inches,  bat  vugs  in  the  wall  rock,  2  feet  or  more  from  the  vein,  are  ^^J^^*^  "* 
filled  with  cobalt  bloom.  The  walls,  which  are  well  defined,  are  of  slate, 
and  the  vein  ie  almost  perpendicular,  lying  on  the  hillside,  about  70 
feet  above  the  level  of  Long  lake,  and  a  few  hundred  yards  eaal. 

Ore  body  No.  3,  lies  at  the  southern  edge  of  Long  lake,  about  half  chmctei  of 
a  mile  southwest  of  No.  2.  '  It  is  very  simitar  to  No.  1,  consisting  of  ^"-  ^  '*"'■ 
native' silver,  smaltite,  erythrite,  and,  in  all  probability,  aiccolite. 

Vein  No.  4,  is  about  half  a  mile  southeast  of   No.    3.     The    vein,  Mode  of 
averaging  not  more  than  8  inches,  cuts  a  perpendicular  bare  cliff,  facing  "^""T^**,™. 
the  west,  nearly  70  feet  high.    The  vein  is  weathered  away,  leaving  a  of  rein  No.  4. 
crack  in  the  face  of  the  cliff,  in  some  places,  4  or  5  feet  in  depth.    Thin 
leaves  of  silver,  up  to  2  inches  !□  diameter,  were  lying  on  the  ledges,  and 
the  decomposed  matter  was  cemented  together  by  the  metal.     It  was 
found  impossible  to  get  a  fresh  sample  of  the  ore,  with  the  hammer,  the 
vein  being  so  much  decomposed.     The  weathered  specimens,  however.  Ore  body 
in  addition  to  the  native  silver,  contained  erythrite,  and  the  unaltered  "."^tito' 
ore  wiii  be  found  in  all  probability  to  consist  of  smaltite  and  niccolite,  nicmliw  with 
in  addition  to  the   silver.     Across  a  distance   of  8  inches,  a  distinct 
banded  structure  was  noticed,  and  there  were  12  or  14  layers  of  ore,  Compoeition 
lying  parallel  to  the  walls.     A  sample  of  the  much  weathered  ore       ™        **' 
from  vein  No.  4,  which  appeared  to  contain  less  silver  than  most  of 
the  samples  collected,  was  found  by  Mr.  A.  G.  Burrows  to  have  the 
following  percentage  compoeition :  Silver  16*60,  cobalt  3-91,  nickel 
1-42,  arsenic   16-79,  gold  none.     This  ore  is  brownish  to  yellowish  in 
colour,  and  has  an  earthy  appearance.  Its  colour  is  doe  to  the  presence 
of  several  decomposition  products,  the  oxides  of  iron,  cobalt  and  nickel. 
A  rmttti  amount  of  cobalt  bloom  is  present.     At  the  bottom  of  the 
cliff,  the  vein  cuts  thin  banded,  dark  grey  or  greenish,  at  times,  almost 
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black  ilate,  which  hu  a  slight  dip.     The  slate  passes  gradually,  as 

far  as  cjuld  bo  discovered,  from  the  at«ep  chamcWr  of  the  cliff,  into  a 

coaree  breccia-cooglomerate,  in  the  upper  part.     The  fragmento  in  the 

conglomerate,  consist  of  quartz,  slate,  granite  and  other  rocks. 

Oocurreacpof       On  some   of   the  aativ«  silver  specimens,   there  are  small,  black, 

»nd  (Si^ite     ^F*™'*'*'  masses,  with  little  Instrc.     These  appear  to  be  the  hydrat«d 

oxide  of  cobalt  (heterogenite).     Some  of  the  deposits,  on  the  silver, 

resemble  asbolite.     The  carbonates  of  cobalt  and  nickel  are  also  pro- 

bably  present 

Rpoognition         Prof  Nicol,   of    the  Kingston  School  of    Mines,   who  afterwards 

and'chloaD-      examined  the  material  collected,  recognized  the  silver  antimooide,  dys- 

thiw  by  Prof,  crasite,  in  association  with  the  native  silver  of  No.   1.     He  has  also 

definitely  determined  the  presence  of  chloantbite,  (arsenid«  of  nickel). 

It  is  associated  with  the  niccolite,  and  also  occurs    rather  free  fitim 

cobalt,  in  some  of  the  nodular  masses. 

Occurrenw  of      Smaltite  and  erythrite,  have  also  been  met  with  in  small  quantities, 

'ruhrite""      associated  with  the  basic  igneous  rocks,  to  the  west  of  Rabbit  lake,  so 

west  oC  that  the  whole  area,  where  such  rocks  occur  in  the  Timiskaming  and 

Temagami  districts,  should   be  carefully  prospected.     Although    the 

width  and  extent  of  these  veins,  may  not  be  very  great,  the  character 

of  the  ore  is  such  as  to  make  them  a  distant  economic  possibility,  at 

the  present  ruling  prices  of  the  metals  contained  in  them. 

OTIIBR   AHSAYS  FOr  NICKBL   OP  TUB  aULPBlDB   ORKS   IN    CANADA. 

Active  pRM'         Since  the  discoveries  of  the  highly  nickeliferous  pyrrhotite  of  the 

n^k"i^^      Sudbury  Mining  District,  there  has  been  very  active  prospecting  for 

'rj'  '^     simitar   sulphide   material.     Numerous  specimens,  from    all  parts    of 

».  the  Dominion,  have  come  to   the  laboratory  of  the  Geological  Survey 

NinnenniH        Department,  for  assay.     The  material,  thus  submitted,  has  been  exam- 

^'uvoit^cal  ined,  and  partial  analyses  have  appeared,  from  time  to  time,  in  thereports 

Survey  Dept.  of  the  Section  of  Chemistry  and  Mineralogy,  which,  besides,  appearing 

as  separates,  are  included  in  the  various  annual  volumes.     It  has  been 

thought  advisable  to  tabulate  these  results,  arranging  them  according 

to  provinces.     All  of  the  analyses  have  been  conducted  by  Messrs.  B. 

Analysc'H         A.  A.  Johnston  and  F.  G.   Wait,    assistants  to  Dr.  0.  C.   Hoffmann, 

ElpwrTH.  A^  ^^^  chemist  and  mineralogist  to  the  Geological  Survey.  These  analyses 

A-  -'iVhiiston     are  in  addition  to  tho^e  which  have  been  already  quoted,  on  previous 

Wait.  p^es  of  this  bulletin. 
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EXFUMATIONS. 

Kxpl>°*tion         1.  A  grayiflh-white,  gueissoid  rock,  through  which  was  disBeminated 
tioD  of  bl  Bomewhat  large  amount  of  pjrrbotite.     The  metallic  portion  of  the 

anah'BBd'from  '*'*  contained,  0-5%  of  cobalt.  2.  Coarge,  granular  pyrrhotite,  in  mso- 
the  Province  ciatioD  with  zinc  blende,  through  which  was  dieseminated  a  somewhat 
small  amount  of  »daik  gray,  schistose  rock  and  white  quartz.  3.  Pyrr- 
hotite, from  an  extentiive  depoeit.  Examined  for  Mr.  Thomas  Marks. 
4.  A  fair  sample  of  the  pyrrhotite,  from  the  same  locality.  Collected  by 
Dr.  Setwyn.  A  line,  granular,  massive  pyrrhotite,  through  which  was 
disseminated  a  little  quartzose  gangue.  6.  Pyrrhotite,  with  a  dark  gray 
gneisBoid  rock.  Examined  for  Mr.  Mather.  6.  Pyrrhotite,  with  a 
little  pyrice,  in  quartz  mica-diorite.  Examined  for  Mr.  W.  C.  Caldwell. 

7.  A  dark  gray  gneinsoid  rock,  through  which  was  disseminated  a  fair- 
ly large  amount  of  pyrrhotite,  and  a  trifling  quantity  of   chalcopyrite, 

8.  A  compact,  massive  pyrrhotite.  Examined  for  Mr.  E.  D.  Orde.  9. 
A  massive  pyrrhotite,  in  association  with  very  small  quantities  of  pyrite 
in  quartz.  Collected  by  Dr.  F.  D.  Adams.  10.  A  compact,  massive 
pyrrhotite,  with  a  little  pyrite,  and  trifling  amounta  of  chalcopyrite 
and  quartz.  Examined  for  Mr.  B.  H.  U.  Chapman.  II.  Massive 
pyrrhotite,  with  very  small  quantities  of  chalcopyrite,  quartz  and  fel- 
spar. Collected  by  Dr.  F.  D.  Adams.  1 2.  Quartz  , carrying  some  pyrr^ 
hotite,  and  a  small   quantity  of  pyrite.     13.  Lot  and   concession  not; 
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commuaio&tod.     H&auve  pyrrhotite,  with  a  very  trifling  amount  of 

calcit«.     14.  Qa&rtz,  a  litbie  folapar,  ftiid  h  very  little  gar&et,  CMTjing  BneC  deacrip- 

a  small  quantity  of  pyrit«  and  pyrrhotite.     Collected  by  Dr.  F.  D.  g™i,2enj 

Adams.     15.  Pyrrhotite,  with  quartz,  and  A  little  earnet.    Number  of  examined 

'.,,_,  .  from  Provinoe 

lot  and  concrasion  nob  commumcated.     16.  A  compact,  massiye  pyrr-  of  Ontario. 

hotite.  17.  From  E.  V.  Wright's  claim,  north  of  Northeast  Arm  of 
Lake  Temagami.  A  very  fine,  cryatalline,  massive  pyrite,  in  a  gaogue  of 
quartz-diorit".  Collected  by  Mr.  A.  E.  Barlow.  18.  Pyrrhotite,  with  mica 
and  but  little  visible  quartz.  Collected  by  Mr.W.  Mclnnea.  20.  A  very 
fine,  granular  pyrite  with  small  quantities  of  pyrrhotite.  2  1.  Compact 
massive  pyrrhotite,  with  a  little  pyrite,  and  a  small  quantity  of  quartz. 
32.  Compact,  massive  pyrrhotite,  with  small  quantities  of  ohalcopyrite 
and  pyrite,  in  a  gangne  of  calctte,  pyrozeae,  some  hornblende,  fel8)>ar 
and  a  Uttle  garnet.  Examined  for  Mr.  L.  Meany.  23.  Quartz,  with  a 
little  hornblende,  carrying  large  quantities  of  pyrite  and  pyrrhotite. 
Examined  for  Mr.  T.  B.  Caldwell.  34.  Compact,  massive  pyrrhotite, 
with  a  small  quantity  of  quartz  and  hornblende-gneiss.  26.  Compact, 
massive  pyrrhotite,  with  a  few  particles  of  ohalcopyrite,  and  a  small 
qnantity  of  gangue,  mainly  quartz  and  felspar,  with  a  very  little  gar- 
net. Examined  for  Mr.  A.  H.  N.  Bruce.  26.  Pyrrhotite,  with  a  little 
chaloopyrite,  apatite  and  hornblende.  27.  Massive  pyrite,  associated 
with  pyrrhotite,  chaloopyrite  and  danait«,  (cobaltiferons  araenopyrite). 
28.  A  massive  pyrrhotite,  with  which  was  associated  a  little  chaloopy- 
rite and  a  somewhat  large  proportion  of  gangue  (vitrophyre-tuff).  29. 
Qranolar,  massive  pyrrhotite,  with  a  very  little  chaloopyrite,  with  a 
little  gangne  of  felspar,  quartz  and  hornblende.  Examined  for  Mr.  J. 
Bawden. 


No. 

Locality. 

Gimgue 

Cu. 

Ni. 

Co. 

Analyst. 

90 
31 

LakeUiiUuini 

Lot21,R.lg,Pottoii, 
BronieCo 

Lot  24,  R.  7,  Claren- 
don. PontiK  Co,.. 

Lot  2,  R.  8^^  Eftrdley, 

2700 

Small 

None 

I>i«t- 

Cnces 
Small 

arat. 

1-50 

013 

Di.t. 

R.  A.  A.  JohDBtOD. 

32 
33 

None. 
None. 

1-60 

1'68 

Co.  Ni 
0-38 

R.  A.  A.  Joh>..ton. 

34 

Lotl4,  R.6.  Aylwin. 

36 

r-ot  14,  B.  6,  Mwh 

Preaent. 

A  litt. 

O'll 
0-10 

36 
87 

Lot  14,  R.  6.  MBsh 
MD,  OMaw»Co.... 

Suae  locality 

F.  G.  Wait. 
F.  G.  Wait. 

Bulpbidea 
froin  the 
Province  of 
Quebec 


ib.Google 


163 


OKOLOOIOAL  BUBVIT  OF  CANADA 


DeKriiAkni  BXPLAITATIONB, 

of  geolo^cftl 

of^^men*        ^^-  Pyrrhotite,  in  gftDgue  of  horDblende  schist.  Collectad  by  Mr.  W»l- 

wl«!i*Hl  fur  ter  McOu»t(Sarvey}iii  1S72.  31.  Pyrrhotite,  chalcopyrite  and  pyrite, 
^It^ji  gQj^ll  mQg„^^  Qf  g^Q^yg^  One  ■pocimea  oontalned  a  very  sniAll 
amouQt,  ftnd  the  other,  a  trace  of  nickel  32.  Fyrrhotite,  but  the  ma- 
terial does  not,  so  far  an  ib  known,  occur  in  quantity.  33.  A  masaive 
pyrrbotite.  Esamined  for  Mr.  W.  A.  Allan.  34.  Fyrrhotite,  almost 
pure,  or  with  quartz,  felspar,  mica,  hornblende  and  calcite.  3fi.  Massive 
pyrite,  with  a  few  particles  of  ohalcopyrite,  and  a  somewhat  larf;er  pro- 
portion of  granite.  36.  Masaive  pyrrbotite,  with  a  very  little  quartz. 
37.  Taken  from  a  different  part  of  the  deposit.  Fyrrhotite,  a  little 
pyrite  and  a  very  email  amount  of  gangue  of  black  garnet  and  pyroxene, 
and  a  very  little  quartz.  Noe.  36  and  37,  were  examined  for  Mr,  W.  li. 
Marler. 
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Explanations. 


ExplHution         38.  A  iDEWsive  pyrrhotito.    ExamiDed  for  Capt  J.  Jaquea.     39.  An 
tioD  ot  asBociation    of    white   tranalnceDt  quartz  a&d   dark    green    diorite, 

amavi^Tnr  c*"7'nK  'arRB  quantities  of  pyrrhotite,  and  a  little  chalcopyrite.  40. 
nk-kel  anii  Pyrrhotite,  with  a  little  chalcopyrite,  and  a  small  quantity  of  a  d&rlc 
the  I'm  till  oe  green  rock.  41.  Quartzo-felspathic  rock,  with  a  targe  amount  of 
of  Bncwli  pyrrhotite.  flxamined  for  Mr.  J.  D.  Boyd.  42.  Pyrrhotite,  with  avery 
small  amount  of  chalcopyrite,  in  quartz.  43.  Pyrrhotite,  with  nmall 
quantitiee  of  chalcopyrite  and  graphite,  quartz,  felnpar  and  mica. 
These  two  last  were  examined  for  Cockle  Bros.  44.  Massive  pyrrhotite, 
with  a  few  specks  of  chalcopyrite,  and  a  small  quantity  of  quartz. 
Examined  for  Mr.  J.  Dickenson.  45.  Pyrrhotite,  with  small  quantities 
of  chalcopyrite.  46.  Fine,  granular  pyrrhotite,  with  small  quantities 
of  pyrite  and  chalcopyrite,  and  a  somewhat  large  proportion  of  gangue. 
Examined  for  Mr.  D.  Elliott.  47.  Pyrrhotite,  with  some  chalcopyrite, 
and  a  little  galena,  with  a  small  proportion  of  gangue,  composed  of 
quartz  and  fine-grained  iliorite.  48.  Compact,  massive  pyrrhotite, 
through  which  was  dissem'nated  very  small  quantities  of  quartz- 
Examined  for  Mr.  U.  E  Porter.  49.  Quartz,  with  a  little  chlorite 
and  mica,  carrying  small  quantities  of  a  compfu;t  massive  pyrrhotite,  a 
little  pyrite  and  a  few  specks  of  chalcopyrite.  Examined  for  Mr.  R. 
Sanderson.  50.  Pyrrhotite,  with  a  little  chalcopyrite,  and  small  quan- 
tities of  a  quartzose  gangue.  51.  Exceedingly  fine-grained  pyrrhotite, 
with  a  little  ch  ilcopyrite,  and  small  quantities  of  a  quartzose  gangue. 
62.  A  felnpathic  rock,  carrying  small  quantities  of  pyrrhotite.  53. 
Quartzo-fe]  spat  hie  rock,  carrying  small  quantities  of  pyrrhotite.  S4. 
Pyrrhotite  and  pyrite,  with  small  quantities  of  calcite  and  felspar.  55. 
^rrhotite  and  chalcopyrite,  with  a  little  gersdorfGte,  in  a  somewhat 
calcareous  gangue.  56.  Pyrite  and  chalcopyrite,  with  some  pyrrhotite, 
in  a  gangue  of  andradite,  quartz,  and  a  few  scales  of  mica.  57. 
Arsenopyrite  and  chalcopyrite,  in  a  gangue  of  hornblende  and  calcite. 
Danaite  or  cobaltiferous  arsenopyrite,  carrying  3.05  per  cent  cobalt, 
alsooccursat  this  mine  (Ann.  Rep.  Geo!,  Surv,  Can.,  Vol.  VIII,  1395, 
Part  R  p.  13).  58.  Quartz,  with  a  little  felspar,  hornblende  and  graphite, 
with  a  small  quantity  of  pyrrhotite,  and  a  very  little  chalcopyrite. 
Examined  for  Mr.  F.  W.  Pettit.  59.  Massive  pyrrhotite,  with  a  very 
little  cbalcopyiite,  and  a  trifling  amoant  of'  quartz  and  felspar. 
Examined  for  Mr.  J.  Turner.  60.  Massive  pyrrhotite,  with  a  few 
particles  of  chalcopyrite,  and  a  small  qaantity  of  gangue,  made  up 
mainly  of  garnet  and  calcite,  with  a  little  quartz  and  hornblende.  61. 
Chalcopyrite,  with  some  pyrrhotite,  and  a  small  quantity  of  quartz. 
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Examined  for  Mr,  F,  Jacobaen.  62.  Very  fine,  graoular,  nuwaive 
pyrrhotite.  Examined  for  Ur.  Alfred  Raper.  63.  Graoulftr,  maesive 
pyrrbotite,  with  a  very  little  chalcopyrite.  Examined  for  Mr.  G.  H. 
Franklin.  64.  Compact,  massive  pyrrhotite,  with  a  little  quartz. 
Examined  for  Mr.  James  Walker.  65.  Fine,  granular,  massive  pyrr- 
hotite, with  same  pyrite,  and  very  little  chalcopyrite,  with  a  gangue 
mainly  of  hornblende  and  quartz.  Examined  for  Mr.  Oeo.  de  Wolf, 
66.  Compact,  massive  pyrrhotite,  with  a  little  chalcopyrite,  and  a  some- 
what large  quantity  of  quartz,     Examined  for  Mr.  J.  T.  Edwards. 
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XZPLAlTATIOirS. 

68  Fyrrhotite.  Exftmined  for  Mr.  Alex.  MoLeod.  69.  Fyrrhotite, 
with  k  Bomewhat  ]»TgB  unoaat  of  silicious  guigue,  from  the  land  of 
Mr^  O'HiUklef,  on  the  rear  of  George  river.  Examined  for  Mr.  Alex. 
McLeod.  70.  UMsive  pyrrhotite,  with  a  fev  particles  of  chalcopTrite, 
and  a  little  hornblende  and  quarts.  Examined  for  Mr,  William 
Haggerty. 

HiaCELLAKBODS. 
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3  E  I         Analyst. 


0  10!F.  G.  Wait. 
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EZFLiMIATIONB. 

71.  Pyrrhotite  in  a  gangne  of  quartz,   felspar,  and  a  little  mica  and 
graphit«.  Collected  by  Mr.  D.  B.  Dowling.  72.  Massive  pyrrhotite,  with 
D<w?ri)>tiiiii      '^  l^i^gc  amount  of  qtiartz. 
o(  (('■"'"fricnl 

THB  NICKEL  DEPOSITS  OT    SCANDINATIA. 

The  nickel  deposits  of  Norway  and  Sweden  are  of  eepeoial  interest 
to  na,  since  they  resemble,  in  all  essential  particular,  the  larger  and 
richer  deposits  of  the  Sudbury  District.  It  would  be  impossible,  with- 
in the  scope  of  the  present  bulletin,  to  give  a  full,  or  even  satisfactory 
account  of  these  occurrences,  and  the  various  phenomena  attendant  on 
their  geological  associations,  and  the  reader  is  referred  tor  such  deUils, 
to  the  elaborate  and  epocb-makini;  work  of  Frof.  J.  H.  L.  Vogt,  of  Chri- 
stiania,  Norway.  (') 

<I)  Vogt,  J.  H.  L.,  '  Nikkei  forekomster  eg  Nikkelproduktion.'  Geol.  Soo.  Non 
war,  Cbrintiania.  1692.  '3u1phidischeAusicheiduageii  Ton  NickelBolphidenMi, '  Zeit, 
fUr.  Pnk.  GeoL,  1893,  also  1894,  1995,  1900  and  1901.  '  Uebet  die  Bildung  von  En- 
Ikgerstatten  durcb  DiflerentiationinvceBse  in  Bruptivmagmaten.'  Int«niatioiial 
GaoL  Congreu,  Zuricli.  1894.  'The  Fonnation  of  Eruptive  Ore  Deposit!.'  Min. 
Ind.  Vol.  IV.  1896.  '  Probleme  in  the  Geology  of  Ore  Depmiti.'  Train.  Am.  Iiut. 
Min  Kng.  Richmond.  1901.  '  Platingebalt  in  norwegiichen  Nickelen.'  Zeit.  fiir 
Frak.  Ueol.,  Aug.  1903. 
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All  of  the  Scondinftvian  niokel  deposits  are  intimately  related   to  All  Scandina- 
maaseN  of  gabbro  or  nonte.     In  Norway,  there  are  about  40  of  these  ^^^^^''* 
masaea,  with  which  deposits  of  nickeliferous  pyrrhotite  are  associated,  with  g;abbro 
these  being  the  largest  niokel  deposits  in  Europe. 

These  masses,  which  are  undoubtedly  of  igneous  origin,  are  either  Miner^c^cal 
composed  of  gabbro,  which  is  essentially  an  admixture  of  plagioclase  ^f^^ri^"*" 
felspar  and  augite,  or  of  norite,  a  closely  related  rook,  made  up  princi- 
pally of    plagioclase   felspar    and  hypersthene    (rhombic  pyroxene)- 
Thene  masses  of  fpibbroio  material,  occur  in  the  Archssan  hornblende  Norite  intru- 
schiste  and  gneisses,  generally  intruded  parallel  to  their  foliation  or  Arcl.Kui 

l&m'nation  but  often  cutting  across  them.  The  norite  of  all  these  mas-  ^'^'^.^^  ""^ 

*  gneuses. 

ses,  shows  a  remarkable  tendency  to  differentiation,  so  that  the  same 
mass,  in  different  parts  of  its  extent,  wilt  vary  greatly  in  the  relative 
proportions  of  the  constituent  miner<il^     The  principal  types  of  snoh  Differentia- 
differentiates,  are  often  distinguished  as  gabbro,  olivine  gabbro,  and    ™ "  °°^    ' 
pyrrhotite  gabbro  and  norite,  olivine  norite  and  pyrrhotite  norite,  while 
the  decomposed  representative  is  distinguished  a»  uratite-gabbro. 

The  ore  is  chiefly  pyrrhotite,  containing,  when  pure,  from  2-5  to  5  Ai-emge 
per  cent  of  nickel  and  cobalt,  but  as  mnch  as  7  per  cent  is  sometimes  nickel  &□<) 
found.     These  metala  are  usually  present  in  the  proportion  of    one  g^diUJjyian 
part  of  cobalt,  to  from  seven  to  twelve  parts  of  nickel.     Associated  pyrrhotiM. 
with  the  pyrrhotite  (FegSs)  are   pyrite  (FeSj),  chalcopyrite  (CuFeSj),  Geaenl 
and,  in  soma  places,  ilmenite  or  titaniferous  magnetite.     Chalcopyrite  of  o^    ' 
is  never  present  in  large  amount.     The  pyrite  usually  contains  more 
cobalt  than  nickel.     In  the  nickel  ore,  in  a  few  places,   the  mineral 
peotlandite  (eisennickelkte?),  is  distinctly  discernible,  and,  i 
oase,  the  mineral  cobattite. 

The  pyrrhotite,  chalcopyrite  and  pyrite,  are  regular   constituents  Sulphides  ixe 
of  the  gabbro  or  norite,  occurring  in  small  quantities,  all  through  the  J^tituent* 
various  masses,  but,   like  the  other  constituents  of  the  rock,  are  found  ot  norite. 
more  abundantly  in  certain  places,  and  a  gradual  transitition  can  often 
beobwrved.from  the  normal  gabbro  to  pyrrhotite  gabbro,  and  to  masses 
of  pure  pyrrhotite,  with  little  or  no  rocky  or  silicate  admixture.  Occa- 
sionally, the  ore  occurs  in  masses,  sharply  separated  from  the  norite,  as 
at  the  Ertel'en  mine.     These  segregations  of  ore,  are,  in  the  great  ^  ^'^ 
majority  of  coses,  situat«d  either  directly  at,  or  near  the  edge  of  the  edge  of  norite 
igneous  masses,  and  Vogt  regards  these  concentrations  as  distinctly 
comparable  to  the  basic  borders  or  edges,  so  often  observed,  about  it^arded'by 
granites  and  other  igneous  rocks,  in  which  the  basic  borders  are  some-  ^°^  ^ 
times  marked  by  similar  gradnal  passages,  and,  in  some  cases,  by  rather  ordioan  buio 
abrupt  transitions,  ^^ 
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Prof.  Vof(t  draws  attontion  to  the  fact,  that  the  average  proportioa 
of  nickel  to  oopper  in  the  Norwegian  ores  m  about  100  to  40  or  50 
and  that  in  the  Varallo  (Piedmont,  Italy)  occurrence  about  the  same 
,  proportion  holds  good,  while  in  Canada,  where  the  aesooiated  igneoos 
rocks  are  more  acid  in  composition,  there  is  sometimes  relatively 
more  copper,  100  parts  nickel  to  100  or  150  parte  of  copper  being 
found  in  some  of  the  deposits. 

Ratio  of  Nickel  to  Copper  in  some  of  the  most  important  of  the 
Scandinavian  mines. 
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The  Scaadioavian  ores  also  contain  small  quantities  of  silver,  gold, 
and  metals  of  the  platinum  group,  including  platinum,  iridium  and 
oemium.  The  amount  of  these  metals  is  shown  by  the  following 
analyses  of  the  matte,  from  the  Ringerlke  and  Evje  nickel  smelters,  (') 
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(1)  Zeit.  flir  Prak.  Urol.,  Aug.,  1902,  p.  269. 
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The  mineral  associations  of  the  precious  metals,  is  shown  by  the  fol- 
lowing table  (1)  of  analyses  of  the  ore  from  the  Flaad  mine  at  Evje. 
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Mining  for  niokel  began  in  Sweden  between  1838  and   1840,  at  History  of 
Klefya  (Smaland),  and  in  Norway,  between   1847-50  at  Espedal  and  f^"!^'^^"*^ 
Ringerike.     In  1638,  Berzeli us  showed  that  the  pyrrhotite  from  the  ""1  Norway- 
Elefva  mine,  in  Smaland,  in  southern  Sweden,  contained  nickel.  Before 
that  time,  this  mine  had  been  worked  for  copper.     When  the  fact  was 
announced  tbat  the  ore  contained  about  3  per  cent  nickel,  it  was  decided  Discovpry  of 
to  erect  a  smelting  plant  for  nickel,  this  being  the  oldest  nickel  smelt-  gJ^i^il^Tian 
ing  plant  in  Scandinavia.  In  the  beginning  of  1840,  Tb.  Scheerer,  the  o^^- 
profeesor  of  metallurgy  in  the  University  of  Christiania  (who  had  been 
bom  in  Saxony,  and  was  manager  of  the  Uodums  works),  described  the 
new  mineral  eisennickelkies  (with  22  per  cent  of  nickel),  from  Espedalea 
(Qausdal),    Scheerer  also  announced  that  nearly  all  the  Norwegian  Erection  of 
pyrrhotite  and  pyrite  contained  nickel  and  cobalt.     The  publication  of  gmeltets. 
these  results,  was  really  the  cause  of  the  erection  of  tbe  nickel  plant 
at  Espedalen,   which  was  in  operation,  on  a  large  scale,  between  1840 
and  1850,  with  a  staff  of  200  men.     This  smelter,  however,  was  closed 
down  about  18S6.     In  1837,  Scheerer  analyzed  the  pyrrhotite  from 
Modums,  and  found  it  to  contain  2-80  per  cent  of  nickel.  This  pyrrho- 
tite had  been  obtained  from  the  Ertelien  mine,  which,  later  on,  proved 
to  be  the  chief  mine  supplying  the  Ringerike  nickel  smelter.     About 
1700,  these  works  had  been  used  for  copper,  and  had,  in  the  first  half 
of  the  last  century,  a  small  plant  for  the  production  of  vitriol  and  red  Reasons  for 


(1)  Zeit.  fUr  Ptah.  QeoL,  Aug.,  It 
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he  h&d  found  the  pyirhotito.     This  mao  had  also  been  working  in 

connection  with   the  paint  plant  at  Modnma  and  Snamms.     All  of 

these  facta  combined,   helped  to  bring  about  the  eslablishment  of  the 

nickel  industry  in  Scaadinavia. 

Kngoro  Between  1850  and  1860,  and  towards  the  latter  end  of  this  decade, 

■melter.  ^^-®  nickel  mines  in  connection  with  the  Krafero  nickel  smelter,  were 

started  by  D.  Forbes  and  the  tw0  brothers  J.  and  T.  D^ll.     During 

Many  refinp-    the  nickel  boom  about  1870,  there  wereseveral  nickel  refineries  located 

1^0^*^       "*  ^^  Norway,  while,  at  the  some  time,  the  plants  of  Sweden,  Austria 

Hungary,  and  Italy,  supplied  a  large  quantity  of  nickel,  but  Norway, 

during  this  period,  was  the  largest  producer  of  nickel  in  the  world. 

Curtailment     After  the  discovery  of  the  nickel  in  New  Oatedonis,  and  ita  advent  on 

ow?^"''"""    *•»«  market,  between  1876  and  1878,  the  price  of  nickel  fell  to  such  a 

x*""'r'i2'^   degree,  that  moat  of  the  European  nickel  ameltera  closed  down,  or 

nUures.  decreased' their  production,    and  from  1877-80,  up   to  1S88-89,  New 

Caledonia  produced  from  two  thirds  to  three  fourths  of  all  the  nickel 

Snp-eniAcy  of  ill  the  market.     Quite  recently,   the  production  of  nickel  from  New 

^uiadian         Caledonia,  has,  in  turn,  been  exceeded  by  that  of  Canada. 

,    From  1848  to  1892,  about  330,000  metric  tons  of  nickel  ore  were 

mined  in  Norway.     The  maximum  yearly  output  woa  in  1876,  when 

42,600  tons  wero  mined.  From  that  time,  tilllS92,  from  5,000  to  7,000 

Production  at  tons  per  annum,  were  produced.     The  average  nickel  contents  of  the 

r^eUa  °^  P^""  »nn<»i>   h»ve  been  aa  follows;    1851-1860,   20   tons;  1861- 

Xarway.  1872,  46  tons  ;  1873-1876,  245  tons  ;  1876,  360  tons  ;  1877-1880,  100 

tons;  1881-1885,  126  tons;  1886-1892,  105  tons. 

Since  1892,  the  production  of  Norwegian  nickel  ore  and  nickel,  have 
been  as  follows. 

Table  of  Nickel  Ore  Value.  Metallic  Nickel.  Value. 

pRxluction  metric  tons.  t  metric  tons.  t 

niX^uf                      1893  2397  6,480  113  70,605 

r^w^'iBw"                  '  ^^*  2355  5,400  103  63,4-50 

1895  494  1,080  17  10,530 

1896-  315              16  8,100 

1897  nil              nU             

1898  nil                nil               

1899  220  810  5  2,700 

1900  1888  12.690  13  9,720 

Production  of  ^^  1901,  the  Mineral  Industry  states  that  27  tons  of  nickel  were 
nickel  from  produced  from  Norwegian  ores,  but  this  is  included  in  the  United 
ore>  in  1901.     States  production  from  imported  ores. 
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In  aome  of  the  mines,  Rmall  bodies  of  rich  orehave  been  fonud,  as  for  Rich  nickel 
example,  at  Beisro,  where  ore  was  encountered  with  aa  average  of  7  °™  "'  Beiem. 
per  cent  nickel  (mckel- bearing  pjrite  and  pyrrhotite)  ;  and,  in  other 
places  with  an  average  of  about  5-5  per  cent.     In  the  better  mines,  Avere^ 
first  class  smelting  ore  can  often  be  sorted  out,  but  the  grade  of  the  nickel  in 
balk  of  the  ore  is  much  lower.     In  1870,  miners  were  satisfied  wltha  ^J^^*" 
yield  of  0-8  to  I '3  per  cent  of  nickel  from  the  smelting  ore,  the  actual 
assays  of  which  were  from  0*9  to  1'5  per  cent     In  later  years,  when 
only  the  richer  mines  have  been  operated,  and  hand  sorting  has  been 
practiced,  with  more  care,  the  yield  has  increased  from  1*4  to  1-5  per 
cent,  almost  to  2-5  per  cent,  with  an  average  of  2  per  cent.     In  the  CiMtof 
mines,  the  cost  of  producing  one  ton  of  ore,  assaying  about  2  per  cent 
nickel,  varies  from  $1.67  to  $3.09,  averaging  $2.38.  (') 

From  1861   to  1691,  givedea  producml  nearly  80,000  tons  of  ore.  production  of 
From  1866  to  1875  the  nickel  contained  in  the  Swedish  ores  averaged  ^'^^^5""  "^ 
from  65  to  70  tons  per  annum  ;  1876-80, 50  tons ;  1881-85,  30-40  tons,  nickd  in 
Since  1886,   however,    the   nickel   oontained    in    these  ores,  has  only 
averaged  from  10  to  15  tons  per  annum.    The  last  year  in  which  there 
was  any  production  of  Swedish  nickel  ore  was  in  1891 ,  when  483  tons 
were  mined.  None  of  the  Norwegian  mines  are  at  present  in  operation)  No  Norwe- 
altbougb  attempts  are  being  made  to  revive  the  nickel  industry  in  at  present 
that  country.     The  keen  rivalry  of  Canada  and  New  Caledonia  will,  ^^^q'"^ 
however,  prevent  any  extensive  operations,  at  least,  for  many  years  to  ftbundftnae  of 

oome,  Cantul& 

and  Kew 
Caledonia. 
NICKEL   IN    SUROPB. 

Nickel  was  first  produced  at  Scbneebu'rg,  on  the  suggestion  of  Dr.  Nickel  firdt 
Oeitner,  who  erected  a  plant  for  the  manufacture  of  the  alloy  known  ^ijl'JfhunF 
as  '  new  silver  '.     They  used,  as    their  raw  material,  the  dumps  from 
the  cobalt  works.     These  dumps  were  soon  exhausted,  and  it  became 
necessary  to  prospect  for  nickel  ore.  Early  in  the  last  century,  several 
small  nickel  deposits  were  discovered,  in  Germany  and  Austria- Hun-  Discover}'  of 
gary,  as  for  instance,  at  Dillenburg,  in  Nassau,  which  was  provided  with  u^fmliny  'and 
a  smelting  plant  in  1843,  Dobschau,  in  Hungary,  etc  Austria- 

The  nickel  deposite  of  Varallo,  in  Piedmont,  Italy,  are  very  closely  Deposit  of 
analogous  to  the  Norwegian  occurrences,  but  the  ore  bodies  are  much  vbtbUo  Italy, 
smaller  in  size.     The  mines,  which  are  at  Cevia  and  Sella  Bassa,  were 
worked  and  the  ore  smelted  between  the  years  IStiO  and  1870,  the 
smelter  being  operated  by  the  same  company  as  the  Schneeburg  works^  Prodiioti<Mi 

(1)  Zeit  (Ur.  Pmk.  Geol.,  1893,  p.  US.  '""  °"^ 
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in  Saxony.     Btuioarean  gives  the  production  as    about    54  tone    of 

metallic  nickel  a  year.( ' ) 
Occurrence  tn  Spain,  in  1875,  they  mined  440  tons  of  ore,  but  the  ore  bodies  were 

sliHin!'*' '"     not  operated  »ft«r  1877  or  1878.  The  mines  which  were  situated  in  the 

province  of  Malaga,  were  on  small  deposits  of  nickel  silicate  (pimelite) 

with  3'96  per  cent  of  nickel. 
Deixwita  of  At  Rewdinsk,  in  Russia,  attempts  have  been  made  several  times,  to 

^^g^"  mine  the  deposits  of  the  nickel-magnesia-silicates  (rewdinskite)  with 

4'8  to  19-2  per  cent  of  nickel  oxide,   but  the  deposit  is  small.     In 

production       1873,  47-4  tons  of  ore  were  mined,  and  in  1887,  4-9  tons  of  metallic 
01  nickel  from     .,,  ,i.,„,  ,.  ,..,  > 

Bnsaian  ores,    nickel  were  produced  in  the  first  three  months,  from  which  they  cal- 
culated the  yearly  production  at  40'9  tons  of  nickel. 
Nii^et  in  In  Wales,  in  1882,  38  tons  and  in  1883,  49  tonsof  ore  were,  mined 

containing  14  per  cent  of  cobalt  and  0-7  per  cent  of  nickel. 

Nickel  refining  is  quite  an  important  industry  in  Qreat  Britain, 
where  a  large  amount  of  foreign  Diokel  ore  is  refined  at  the  various 
works.  The  most  important  of  these  nickel  refineries  are  at 
Kirkintilloch  (near  Glasgow),  in  Ucottand,  and  at  Erdington  (near 
Birmingham)  in  England.  Both  of  these  belong  to  '  Le  Nickel,'  of 
New  Caledonia,  and  are  principally  using  garnierite  as  ore.  Vinan 
and  Sons'  old  and  well  known  copper  and  nickel  refinery  at  Swansea, 
Wales,  the  Mond  Nickel  Co's.  refineries  at  Clydnch  (near  Swansea) 
and  Smethwick  (near  Birmingham),  as  well  as  the  Wiggin's  refinery  in 
Birmingham,  are,  for  the  most  part,  working  with  foreign  nickel  sul- 
phide material. 

In  France,  no  nickel  ore  has  been  mined,  but,  after  the  discovery  of 
the  New  Caledonia  ore,  several  refineries  were  erected,  the  firet  one 
being  at  SeptSmes,  near  Marseilles,  where,  from  1876  to  1862,  expeii- 
ments  vere  conducted  on  a  large  scale,  for  producing  ferro-nickel. 
Ohristofle's  well  known  works  at  St.  Denis,  near  Paris,  between  1870 
and  18dO  produced  about  120  tons  of  metallic  nickel  yearly.  Later  on 
the'Le  Nickel'  plant  at  Havre  was  erected.  The  copper  plant  at 
Eguilles  (Vanoluse,  near  Lyons)  has  several  times  conducted  eiptri- 
ments  in  the  refining  of  nickel,  and  at  the  Paris  exhibition  of  1889, 
several  samples  were  shown  produced  by  bessemerizing  aooording  to 
the  Manh^  process,  which  contained  from  91  to  95  per  cent  of  pure 
nickel.  (*) 
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(1)  Aniuiles  dea  Min«,  11*77. 

(2J  J.  H.  L.  Vogt.,  ' Nikkelforekomater  og  Nikkelproduktion 
Chriatiuia,  18n%  pp,  38-40. 
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Lately,  however,  the  Martha  and  Benno  mines  in  Silesia,  Austria,  Monhi  and 
have  protluood  ore.     In  1899,  according  to  the  Mineral  Industry,  only  ,„  Aiutria. 
80  tons  of  nickel  ore  were  mined,  but  this  rose  to  3,896  tons  in  1900, 
and  during  the  half  year  ending  June  30tfa,    1903,  when  there  were  Location  of 
1,036  laborers  employed  at  the  mines  and  works,  the  quantity  of  ore 
tr«ate<l  was  5,689  tons,   which  yielded  lOS  tons  of  nickel.  The  mines 
are  situated  at  Kosemit?.,  Ziisendorf  and  Glasendorf,  a  short  distance 
north  of  Frankenstein.     Thuy  are  described  by  lllner.  (')     The  ore, 
which  contains  from  0-5  to  3  per  cent.of  nickel,  fills  fissures  in  serpen-  character 
tine.     Occasionally,  thes«  veins  carry  from  4  to  18  per  cent  of  nickel.  <^™^ 
Only  the  two   mines,   already   mentioned  are  operated,    the   Martha 
having  two  shaft  furnaces,  capable  of   treating  50  tons  of   ore  daily. 
The  composition  of  the  ore  ranges  as  follows  :  SiO^  60-65-4  per  cent;  Compoaititm 
MgO  8-5-12  percent;    FejOg  and    AljOj  6-8  per  cent;    Ni  2-3-3'5  "' '**• 
per    cent,  and  loss  on  ignition  8-15  per  cent     Before  smelting,  the 
ore  is  first  mixed  with  gypsum  or  with  calcium  sulphite  and  limestone, 
crushed  to  1 2mm.  size  and  pressed  into  bricks.     The  shaft  furnace  is  gn,eitiiiK  of 
5m.  high,  and  is  charged  with  the  bricks  and  coke  in  the  proportion  of  Auntriin  orei 
180  kg.  of  the  former,  to  50  kg,  of  the  latter.  A  very  fluid  slag  is  pro- 
duced, containing  03  per  cent  of  nickel,  wh'ch  is  used  in  making  slag 
bricks.  The  matte  composed  of  about  31-4  per  cent  of  nickel,  49-7  per  Cumpowtion 
cent  of  iron  and  145  per  cent  of  sulphur,  is  crushed  and  subjected  to"'""*^ 
an  oxidizing  roast,  inatwo  stage  revarberatory  furnace,  which  is  6-I3m 
wide,  and  has  a  capacity  of  300  kg.  in  eight  hours.     There  are  four 
furnaces  of  this  typ->,  at  the  works.     The  roasted  matte,  containing 
approximately  66  per  cent  of  nickel  15  per  cent  of  iron  and  20  per  cent 
of  sulphur  is  run  into  a  bessemer  converter  with  suf&cient  sand  to  slag 
the  iron  oxide  and  is  blown  for  45  minutes,  thus  rasing  the  tenor  in 
nickel  to  778  per  cent.     This  fine  matte  is  pulverized  and  treated 
to  a  dead  roast  in  the  reveberatory,  which  converts  it  into  a  greyish 
green  nickel  oxide,  containing  77-6  per  cent  of  nickel.     This  oxide 
is  pulverized,    moistened,  cut  into  small   cubes,  dried    and   charged 
with  charcoal  into  fire  brick  muffles,  that  are  heated  in  a  regenerative 
gas  furnace.     After  three  hours  treatment  in  this  furnace,  the  metal 
contuna  99  per  cent  of  nickel,  and  0-3  per  cent  of  iron.     The  sulphur 
dioxide,  from  the  roasting,    is  caught  in  wator  and  the  solution  neu-  productioa 
tralized  with  lime,  the  resulting  calcium  sulphide  being  used  as  a  flux  °f  metallic 
in  the  shaft  furnace. 

Nickel  ore  is  known  to  occur  in  Greece,  Switzerland  and  Sardinia,  Mickelocoun 
but  in  none  of  thew  countries,  are  the  deposits  large  enough  to  permit  J^Jj'^^^^j 
of  them  being  mined  at  a  profit.  Hnd  Sardinia. 
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MICKBL   IN  TBI   UNtTBD  STATSS. 

The  existence  of  nickel  in  the  United  States  was  probftbl;  flnt  made 
known  in  1816,  vhen  Seth  Hunt  opened  up  the  cobalt  deposit,  near 
Chatham,  Conn.  This  important  announcement  waa  made  as  the 
resalt  of  an  analysis  of  a  trial  shipment  of  this  ore  to  England.  (') 

These  mines  were  at  first  opened  fof  their  supposed  silver  contents 
as  far  back  as  1661.  They  were  not,  however,  very  remunerative- 
to  their  successive  owners,  who  in  turn  tried  to  operate  them.  Id  1762, 
they  were  again  tried,  and  in  1770,  several  parties  associated  them- 
selves together  for  the  purpose  ot  operating  them  for  their  cobalt 
contents.  In  1787,  a  qoontitj  of  the  cobalt  was  shipped  to  China. 
In  1853,  a  creditable  exhibit  was  made  by  the  Chatham  Cobalt  Min- 
ing Co.  of  the  ore  from  their  mineg  and  its  products. 

Perhaps  the  best  known  nickel  deposit  in  the  United  States,  is  that 
situated  at  Lancaster  Gap,  in  Fennaylvania,  about  three  miles  south 
of  the  main  line  of  the  Pennsylvania  railroad,  and  a  little  over  50 
miles  west  of  Philadelphia. 

According  to  authentic  history,  the  Gap  mines  had  been  worked 
for  their  copper  prior  to  the  year  174',  and  tradition,  in  the  neigh- 
borhood, states  that  they  were  discovered  about  the  year  1718,  Fpr 
eighty  or  ninety  years,  they  proved  unremnnerative  to  the  four  or  five 
different  companies  who  tried  to  operate  them,  but  in  1849,  after  they 
had  been  lying  idle  for  30  or  40  years,  the  Gap  Mining  Company  was 
formed,  to  again  open  them  up  for  copper.  Tbu  company  obtained 
considerable  supplies  of  copper,  about  enough  to  pay  for  mnoing 
expenses,  selling  their  product  to  copper  smelters  in  Boston  and  Bal- 
timore. In  all  of  these  earlier  operations,  the  millerite  and  pyrrhotite 
were  cast  aside  as  useless,  being  regarded  by  the  miners  as  ordinary 
'mnndic'  or  pyrite.  In  ibe  beginning  of  1652,  however,  Capt.  I>oble, 
who  had  come  to  the  work,  first  as  a  miner,  but  who,  subsequently, 
became  superintendent,  was  convinced  that  the  material  on  the  dump 
wa>  not  ordinary  sulphide  of  iron,  but  some  other  mineral.  Analyses 
of  specimens,  sent  to  so-called  experts  in  Boston  and  Baltimore,  were 
unsatisfactory,  so  that,  in  the  latter  part  of  1 852,  or  the  beginning  of 
1853,  a  sample  was  sent  to  Prof.  F.  A.  Genth,  who,  after  analysis, 
pronounced  it  to  be  a  nickel  ore,  at  the  same  time  giving  the  per- 
centage of  pure  nickel  present.  The  mines,  which  bad  hitherto  been 
known  as  the  Gap  Copper  mines,  changed  to  the    'Gap  Nickel  mines ', 
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but  the  Azpenses  of  mining  the  ore,  and  eapeoially  the  difficulties  of 
the  smelting  operations,  rendered  the  enterprise  too  costly,  so  that  the 
whole  of  the  works  were  closed  down  in  18G0.  (') 

In  November    1863,    Joseph  Wharton  acquired  posaeasion  of    the  Purehue  of 
'Gap  mine,' and  the  deposit  became  a  nickel  producer  In  May,  1863,  j^j^'"*'''' 
the  ore  obtained  beiag  treated  at  tbe  refinery,  built  by  Wharton,  at  Wharton. 
Camden,  opposite  Philadelphia.     The  development  of  the  new  Cale- 
donia mines  had,  in  1882,  reached  such  a  stage,  that  the  world's  con- 
sumption of  metallic  nickel,  which  had  heretofore  been  about  800  tons 
per  annum,  was  exceeded  by  several  hundred  tons.     On  account  of  > 

this  over  production,  prices  immediately  fell  in  the  forced  sales,   and 
Wharton's  Camden  refinery  was  obliged  to  close  down  about  the  end 
of  this  year.     The  advent,  in  large  quantities,  into  the  market,  of  the  CloBbg  down 
Sudbury  nickel,  proved  a  further  disturbing  feature,  resulting  in  the 
final  closing  of  the  '  Gap  mine '  in  1891. 

The  dark,   basic  rock,  with  which  the  ore  body  at  the  Gap  mine  is  Cliancterand 
associated  forme  a  lenticular  mass  or  stock,  extending  about  1,500  feet  S^^?S^ 
east  and  west  and  500  feet  north  and  south,  and  lying  in  tbe  midst  of  of  ruck  tuso- 
mica  schists,  of  the  Georgetown  series,  of  Frazer.     The  rock  consista  nickel d^poait 
moetly  of  green  secondary  hornblende,  and  although  the  change  is'^uapmine. 
very  thorough,  recognizable  remains  of  orthorbombic  pyroxene  and  of 
olivine  were  revealed,  after  careful  search  through  a  number  of  micros- 
copic slides.     Reddish-brown  biotite  ia  present,  and,  in  some  instances 
considerable  plagioclase  appears,  with  occasional  accessary  titanite.  The 
ore  consists  of  pyrrhotite  and  chalcopyrite  in  largest  amount,  but 
pyrite  is  not  lacking.     Cmsta  of  secondary  millerite  are  also  encount-  Occurreoce  of 
ered,  and  often  this  mineral  furnished  a  not  unimportant  portion  of  °"  ''"^■ 
the  nickel  contents.     Although  some  ore  has  been  found  in  bunches  situation  of 
within  the  lens-shaped  mass  of  rock,  the  productive  ground  lies  near  "'^  body. 
the  walls.  The  ore  bedy  is  nearly,  if  not  quite  vertical,  and  tbe  depth  Extent  of 
reached  by  mining  was  250  feet,  while,  at  times,  the  workings  were  as  mininR- 
much  as  30  feet  wide.     As  mined,  the  ore  contains  from  13  per  cent 
of  nickel,  0'2''V0'7Q  per  cent  of  copper,   and  0'05  to  0'16  per  cent  of 
cobalt.  The  ore  is  believed  by  Prof.    Kemp,  (from  whose  description  Compoiition 
the  foregoing  information  has  been  obtained)  to  be  the  direct  result  "  ""' 
of  igneous  action,  the  ore  bodies  being  concentrat«d,  as  such,  by  reason 
of  magmatic  diflerentiation,   (^)  in  this  respect  resembling  the  Cana- 
dian, Norwegian  and  Italian  occurrences. 

(1)  2DdGM>L  Sury.  Penn.,  '  The  iTeology  of  L»n(»8terCo.' COO.,  188(1,  pp.  163- 
176. 

(2)  Trans.  Am.  Inst.  Mia.  Enff.,  Vol.  XXIV.,  1894,  pp.  622-631. 
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if-    The  'Gap  miae'  at  one  time  producrd  one   sixth  of   the  world*! 
■uppljr  of  nickel,  although  iu  total  production  is  onW  given  as  2,000 

The  nickel  depoi^ita,  associated  with  the  peridotit«H  of  the  south- 
eastern AppalschiauB,  have,  from  time  to  time,  claimed  public  attention 
and  several  attempts  have  been  made,  not  only  to  ascertain  their  true 
economic  value  and  extent,  but  also  to  develop  them  to  the  stage  of 
producing  mines.  Probably  the  largest  and  beat  known  of  these 
occunences  is  situated  in  the  vicinity  of  the  town  of  Webster,  the 
capital  of  Jackson  county,  in  western  North  Carolina,  The  deposits 
in  question,  underlie  a  strip  of  land,  running  approximately  north  and 
south  a  distance  of  about  7,000  feet,  and  east  and  west  nearly  1,500 
feet.  The  north  end  of  the  deposit  immediately  adjoins,  to  the  east, 
the  town  of  Webster.  The  nearest  railway  station  is  Dillsboro,  on 
the  Murphy  branch  or  division  of  the  Southern  Railway,  this 
station  being  i&d  miles  southwest  of  Asheville.  A  wagon  road  con- 
nects Dillsboro  and  Webster,  the  distance  being  about  3*6  miles.  The 
ore  is  very  closely  allied  to  the  celebrated  garnierite  or  noumeaite 
from  New  Caledonia.  It  is  a  hydrous  silicate  of  magnesinm  and 
nickel,  but  very  variable  in  composition,  particularly  as  regards  the 
mutual  replacement  ot  nickel  and  magnesium.  It  is,  therefore,  not  a 
homogeneous  compound.  It  is  amorphous,  filling  certain  cracks  with 
encrusting,  delicate,  hemispherical,  or  stalactitic  forms,  usually  soft 
and  friable,  falling  to  pieces  in  water,  unctuous  to  the  touch,  and 
adhering  slightly  to  the  tongue.  It  varies,  in  colour,  from  pale  yellow- 
ish-green to  rather  deep  apple-green,  and  depth  of  colour  usually 
accompanies  an  increase  in  tbe  nickel  contents. 

Analyses  of  Genthit«  (nickel-gymnite),  from  Webster,  N.C. 


Silica 

Nickel  oxide 
Magnesia 
Water 

49-89     65-38 
16-60     1784 
2235     16-62 
1236     1077 

FeX),  ( Iron 
Feb    f  Oxide 
Cobalt  oxide 

0-56 

0-06     .... 

Total 

101-26100-17 
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Smptanation. — 1.  Analysis  o(  genthite,    from  Webster,   N.C.,  by  Authoritiea 
Dannington  (Ch.  News,  23,270,  1872,  and  Dana,    System  of  Minera-  f'"'"'*'^*^ 
logy,  6th  Ed.,    1892,  p.   676).     II.  Analysis  by  P.  H.  Walker,  (Am. 
Chem.  Jour.,  10,  44,  1888,  also  Dana  System  o£  Mineralogy,  6th  Ed., 

1892,  p.  681). 

Although,  AS  shown,  some  of  the  ore  contains  from  16  to  18  per  cent  i4t>Urge 

of  nickel  oxide,  no  very  birge  amount  of  similariy  rich  material  could  ™o''n.t  o* 

.  '  very  ncn  ore. 

be  secured  in  mining,  and  most  of  the  rich  nickel  seams  are  occupied  by 
greenish  nickel  silicate,  which  will  assay  from  5  to  7  per  cent  of  nickel     - 
oxide.     Much  of  this  secondary  vein  matter  is  mixed  with  compara- 
tively  barren,    partially  decomposed   peridotite,  so  that   it  would    be 
impossible  to  efiect  a  separation,  on  an  economic  basis,  and  the  bulk  of  Nickel  and 
the  material,  which  could  be  secured  as  ore,  would  assay  from  1  SO  per  J^„^  u™ore 
cent  to  3  per  cent  of  nickel  oside     The  ore  assaying  from  2  to  8  per 
cent  of  nickel,  contains,  in  addition,  OOS-O'IO  per  cent  cobalt  oxide. 
These  nickel  deposits  are  found  in  intimate  association  with  a  msss  of  (Jeological 
peridotite,  made  up  principally  of  two  varieties,  which  are,  doubtless,  xvS^tcr'""" 
differentiates  of  the  same  magma,  viz. :  dunite,  made  up  almost  entirely  <>>^i>u<its. 
of  olivine  and  chromite,  and  websterite,  composed  essentially  of  bright 
green  diopside,  and  pale  brown  bronzite.     The  mode  of  occurrence  and 
origin  of  these  deposits,  are  precisely  analogous  to  those  occurring  in 
New  Caledonia,  Oregon  and  elsewhere.     Tlie  development  work  under-  DpfKisits 
taken,  coneiats  of    a  series  of  parallel  trenches  or  ditches,  which  are  JU^^of  \ew 
excavated,  in  some  cases,  simply  to  the  solid  rock  beneath,  and,  in  others,  CaleriooU,  Ac 
to  a  uniform  depth,  in  no  case  exceeding  30  feet.     These  trenches  are 
design'  d  to  give  an  idea  of  the  relative  abundance  and  disposition  of 
the  veins  of  silicate   material.     A  shaft  was  sunk,  but  to  what  depth  Extent  of 
has  not  been  learned,  while  considerable  prospecting  by  diamond  drill  !jL'"' raiment 
has  also  been  undertaken. 

Nickel  has,  for  many  years,  been  known  to  exist  in  considerable  quan-  ^-jcjtei  in 
titiea  in  southern  Oregon,  and  some  of  the  deposits  are  regarded  as  of  Ori«on. 
commercial  importance.     The  mineral  Josephinite,  a  nickei-lron  com- 
pound {Ni.  60-4-5 ;  Fe.  23-22),  has  been  described  by  W.  H.  Melville  occurrence  of 
as  occurring  in  the  form  of  ptebblea  and  smooth  boulders,  in  the  placer  jowpKinite. 
gravels  of  a  stream  in  Josephine  county,  Oregon,  which  are  supposed 
to  have  been  derived  from  some  dyke  of  ultra-basic  rock,  whose  location 
has  not  yet  been  diBcovered.( ' ) 

Nickeliferous  pyrrhotite  has  also  been  noticed  in  both  Jackson  xickulifstDuB 
and  Douglas  counties,  but  the  nickel  silicates  of  Douglas  county  are  M-rrhotite  in 
1         ,  ...  .1  .1       ,    .1      ..  ■       -Tacksoii  and 

the  only  ores  which  appear  to  be  worthy  of  other  than  a  paiising  notice.  Douglas 
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The  deposits  occur  ne&r  the  small  village  of  Biddies,  in  the  south«ra 
partofDoagkacounty,&  station  oa  the  Oregon  and  California  railway, 
336  miles  from  Portland,  and  547  miles  from  i^sn  Francisco.  The 
nickel  mines  are  situated  on  Finey  mountain,  about  3  miles  west  of 
Riddles,  and  are  connected  with  this  village  by  an  excellent  wagon  rood 
of  easy  grades.  This  mountain,  as  its  name  implies,  is  thickly  covered 
by  fores',  rising  to  a  height  of  about  3,400  feet  above  sea  level,  occur- 
ring as  an  ibolated  ridge  in  a  sea  of  other  mountains.  It  is,  approxim- 
ately, 1^  miles  long  by  1  mile  wide,  thus  embracing  an  area  of  1 J  square 
miles,  in  which  nickel  deposits  might  be  expected  to  occur.  The  rocks, 
I  underlying  this  ares,  is  a  peridotite  or  'saxonite',  composed  essentially 
of  olivine  and  enstatite,  with  a  small  quantity  of  accessory  cbromite 
and  magnetite.  The  olivine  predominates,  forming  more  than  two- 
thirds  of  the  moss  of  the  rock.  The  ore  is  a  silicate  of  nickel  and 
magnesium,  and,  as  usual,  very  variable  in  composition.  The  mode  of 
occurrence  and  origin  of  ores  of  this  class,  have  already  been  discussed 
in  detail,  and  the  Oregon  occurrence  presents  no  unusual  features  which 
are  worthy  of  special  or  extended  reference.  Ihe  following  ansJyses, 
of  carefully  selected  materia),  well  illustrate  the  chemical  composition 
of  the  pure  nickel  mineral,  but  the  bulk  of  the  ore  which  could  be 
economically  secured  and  utilized,  would,  of  course,  be  much  lower  in 
nickel  contents. 


Disooifry  «t 

On-gi-u 

depcsiW. 


Loss  at  110°  C. 

8-87 

6.63 

7-00 

Loss  on  ignition 

6-99 

AljOj  itFe^O, 

1-18 

1'38 

1-33 

SiO; 

4473 

48 -2  f 

40-65 

MgO 

10-56 

19-90 

21-70 

NiO 

27-57 

23-88 

29-66 

Total . . . 

. . .  99-90 

100-00 

100-24 

Explanation.— Analysis  I,  is  by  F.  W.  Clarke,  (Am.  Jour.  Sc, 
Vol.  XXXV,  pp.  4G8-487  ;  Nos.  If  and  III  are  by  Dr.  Hood,  (Min. 
Res.  U.S.,  1883,  p.  404.) 

The  first  discovery  of  these  deposits  was  in  1864,  and,  in  the  fall  of 
1881,  Mr.  W.Q.  Brown  secured  control  of  what  appeared  to  be  the  most 
valuable  portion,  transferring  his  interest  to  an  incorporated  company, 
known  as  the  'Oregon  Nickel  Mines'.  It  is  stated  that  about 
130,000  was  expended  in  development  work.  In  1891,  some  of  the 
nickel  bearing  area  was  secured  by  a  Chicago  corporation,  called  the 
'  International  Nickel  Mining  Co,'  which  is  said   to  have  expended 
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about  (60,000  on  development  work.     ExtenBive  prepftrstioos   were  Mining 
made  to  mine  and  smelt  this  ore,  but  macb  of  the  smelting  and  other  va'rk!'^'"°" 
machinerjr  purchased,  was  never  oven  set  in  position.     The  Anglo- 
American  Nickel  Co.,  incorporated  in  1893,  and  the  Oregon   Nickel 
Mining  Co,,  also  own  property  in  this  neighbourhood.     The  amount  of 
development  work  done,  in  connection  with  these  deposits,  is  hardly 
sufficient  to  test  their  commercial  capabilities.    Numeroaa  open  cuts,  S>itfnt  of 
short  tunnels  and  shallow  shafts  from  20-40  feet  deep,  have  been  made,  lopment  work. 
but   nowhere  has  a  vertical  depth  of  over  50  feet  been  reached.  (' ) 

The  Gem  mine,  in  Fremont  county,  Colorado,  may  be  mentioned  at  Nickel  in 
some  length,  in  this  connection,  as  it  is  very  similar,  in  minerslogical 
composition,  to  the  Haileybury  occurrences  discovered  last  autumn  in  SimiUrity  to 
Northern  Ontario.     The  vein  at  the  Gem  mine   is   in  hornblende  oMumoo™. 
schiat,  and  the  ores  were  principally  copper,  but  nickel  soon   made 
its  appearance,  and  at  a  depth   of  15-20   feet   became   quite  promi-  ^^,^1° 
nent.     From  the  surface,  down  to  a  depth  of  75  feet,  the  vein  has 
an  average  width  of  3-5-4  feet.  At  this  point,  it  pinched  out,  and,  with 
the  exception  of  a  narrow  streak  of  ore,  which  may  be  its  continuation, 
and  which  contained  the  same  cobalt  and  nickel  minerals,  no  further  Character 
or;e  was  encountered  lower  down.     The  nickel-cobalt    minerab  of 
this   mine  are   accompanied  by  native   silver,  some   of  the  mineral 
specimens  being  occasionally  so  permeated  by  fine  wire  silver  as  to  be 
broken  with  difficulty.     In  1882,  12  tons  of  ore,  containing  12  per  Prodiiction  cf 
cent  of  nickel,  and  2-3-5  per  cent  of  cobalt,  with  considerable  chalcocite,  q^J.""'^ 
were  shipped.     Later,  about  half  a  ton  of  selected  ore,  containing  34 
per  cent  of  nickel  and  3-4  per  cent  of  cobalt,  were  sent  to  Swansea,  Eng- 
land.   The  mine,  however,  was  involved  in  litigation,  and  the  ore  body  Reaxms  for 
was  seemingly  too  small  for  any  extended  mining  operations.  (")  cmmg   inrn. 

Since  the  closing  down  of  the  Lancaster  Gap  mine,  the  entire  United  Nickel  now 
States  production  of  nickel,  from  domestic  ores,  has  been  derived  from  ^^"gn  f,!|^, 
Mine  la  Motte,  Mo.,  the  metal  being  secured  as  a  by-prodnot  in  the  ?"?.°^  ^''■'® 
treatment  of  lead  ores.  In  1899,this  production  amounted  to  22,500  lbs., 
but  in  1901,  it  had  decreased  to  6,700  lbs.,  while  iu  1902,  the  20  tons 
of  matte,   containing    nickel  and  cobalt,   which  were  refined  at  the 
works  of  the    Mine  la  Mott«  Lead  and  Smelting  Co.,  yielded  5,748  Production 
poundsof  metallic  nickel.  (*)  Minel»Motr 


f   Ri(ldte&'  Oregon  ',     Proc. 


(2)  Thamu  Chnrlton,  Proa.  Col.  Sc  Soc., 
(S)  Min.  Re*.  U.S.,  190%  pp.  ^B5,266. 
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NICKEL   IM  MEW   CALEDONIA. 

R>«sonB  for  The  nickel  depoaita  of  New  Caledonia  have,  for  many  years,  enjoyed 

NewCalwlcj-   *"  *i^'*^'8  reputation,  not  only  for  the  large  and  continuous  supply  of 
nift  ilpimaita.    ore  chey  have  produced,  but  aUo  for  the  high  grade  they  have  been 
abie  to  fumieb  for  purposes  of  export.     From  about  the  year  1880,  to 
1888,  these  mines  produced  from  two-thirds  to  three-fourths  of  all  the 
nickel  in  the  market.     From  the  latter  year,  however,  the  mines  of 
Produotion  ut  Canada  have  been  gradually  increasing  their  output,  and,  in  spite  of 
ceedsiliat        many  adverse  circumstances,  it  is  believed  that,  at  the  present  time, 
Cuied^ia.       ^"^^  amount  of  nickel  secured  from  Canadian  sulphide  ore,  is  considera- 
bly in  excess  of  that  produced  from  the  New  Caledonia  silicates. 
The  only  nickel  ore  that  occurs  in  New  Caledonia  is  a  hydrated  sili- 
n  which  more  or  le-^s  of  the  nickel  oxide  is  replaced  by 
magnesia,  ferric  oxide  and  alumina.     The  ore  is  associated  with  chal- 
cedony, a  magnesian  silicate  resembling  meerschaum  or  sepiolite,  limo- 
niteorbug  iron  ore  and  serpentine.     In  addition  to  these,  there  are 
usually  small  quantities  of  chromite  and  aabolite.     The  mineral  is  en- 
tirely free  from  sulphur,  arsenic  or  copper,  and,  although,  in  the  first 
instance  the  deposita  were  regarded  as  the  gossan  like  material  pro- 
duced by  the  sub-aerial  dt'cay  of  nickeliferous  sulphides,  the  extensive 
workings  already  undertaken   have  failed  to  reveal  any  traces  of  such 
material  even  in  the  deepest  workings. 

The  mineral  gamierite  ur  noanieaite,  characteristic  of  these  deposits, 
was  discovered  by  M.  Julen  Gamier,  in  1865,  and  was  noticed  by  him 
in  1867,  ( ' )  and  was  described  by  Liversidge  in  1874  (^).  The  mine- 
ral is  closely  related  to  the  nickel-gymnite,  described  by  Genth,  in  1851, 
and  for  which  the  name  genthite  was  proposed  by  Dana,  in  1867. 

As  the  following  analyses  will  show,  it  is  very  variable  in  chemical 
composition.  The  material  analyzed  was  selected  with  great  care,  and 
wilt  give  a  good  idea  of  the  compoeition  of  the  purest  varieties  of  gar- 
nierite  as  well  as  its  intimate  connection  with  sepiolite,  or  silicate  of 
magnesia,  with  which  it  is  associated,  and  into  which  it  passes  by  insen- 
sible gradations. 

(1)  Bull.  Soo.  GpoI.  de  Franoe,  Vol.  XXIV,  p.  438,  Parin,  1867. 

(2)  .Jour.  Cli-m.  Soc.  Vol.  XII,  p.  BIS,  July,  ia74. 
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Authorities         EzpUiMtioii.  1.  Aoklysis  bf  Daan  (Ber.  Nied.  Geo.,  Jan.  7,187^).  II. 
forrfiermcal     ^^^ly^j,   ^y    Garnier  (Comptfla  Rendns,  86,684,  1878).     III.  Analy- 
sb  hj  Kiepwheuer  (Ber.  Nied.  Geat.,  July,  U,  1879).     IV.  Analysis 
of  dark  green garoierile,  from  Naketj,  by  Liversldge  (Uineralsof  New 
South  Wales).      V.  and  VI.  Aoalyaes  by  Gamier  (Soc.  des  Ingra.  Ct- 
rila,  1887).     VII.  Analysu  of  a  tnuulacent,  pale  green  variety,  from 
OiiailloQ,  by  Liversidge.  VIII.  Analyaia  of  similar  mineral  from  same 
locality,  by  Liversidge.     IX.  A  very  pale-grenn  variety  from  Bel  Air 
mine,  Kanala,  by  Liversidge.  X.  Another  similar  specimen. from  sune 
locality.     XT.  Analysis  by  Gamier  of  white  veins,  in  the  green  mine- 
mi  ^gamierite),  resembling  sepiolite. 
Ore  at  first  to       -^1^  fi>^ti  when  mining  operations  were  started,  it  was  stipulated  that 
I2"w'ir'™™    ^^  ore  should  contain  from  12  to  15  percent  nickel,  but  now,  the  mini- 
of  nicM.         mum  has  been  reduced  to  7  per  cent  and  it  is  stated  to  be  difficult  lo  se- 
cure more  than  60,000  to  70,000  tons  per  annum  of  such  a  grade  of  ore, 
although,  if  the  European  smelters  would  lower  their  limit  to  5-5  per 
Av<-nit;e com-  cent,  the  production  could  be  more  than  doubled.  From  1875  to  1884, 
New  Culedu-    ^-  Flecbner  has  calculated  that  8-3  per  cent  of  nickel  was  the  aver- 
°h?.'™tr""    »gfl  ^'ontained  in   the  ore,    while  Du  Peloux   states  that  in  1S84,  850 
tons  of  metal  were  produced,  from  12,000  tons  of  ore,  thus  giving  an 
average  of  7-1  per  cent.  Croissille  states  that  between  1880-85,  28,933 
Ore  at  tin>t       ^^^'^  "^  ^'^  were  produced  with  an  average  of  10'5  per  cent  nickel.  In 
thrownaway    the  first  years,  a  large  amount  of  ore,  containing  from  3  to  1 1  per  cent 
used.  nickel,  was  discarded  as  valueless  for  purposes  of  export  but  lately,  these 

dumps  have  been  overhauled   and  some  of  the  material  shipped.     The 
largest  New  Caledonia  company   '  Le  Nickel '  in  its  catalogue,  issued 
at    Paring  in    1689,   stated    that    the    various   grades    of   their    ore 
Vatiation  in    co****'"®^  8,  10  and  IS^jer  cent  of  nickel.     From  1876  to  the  present 
<t>iiipu9ition     time,  the  ore  has  varied  in  compoeition,  as  shown  under  I ;  under  ll,is 
given  the  composition  of  the  ore,  which  was  being  shipped  to  Europe 
in  1876  ;  under  III,  the  average  composition  of  New  Caledonia  smelt- 
Avera«[K  i"!!  <*'*>  (according  to  Levat) ;  under  IV,  is  given  the  average  oom- 

of  >?ew'(!iae-    P**^'*'**"  ''*  ^^    nickel  ore,  as  it  was  shipped  in  1899,  according  to  E.  A. 
doDiaoiTB."    Wineherg  (Min.  Industry,  Vol.  VIII,  1900,  p.  435. 
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Nickel  oside 

9  to  17 

18-00 

7  to8 

10-00 

Silica 

4l  to  46 

38-00 

45  to  50 

42  00 

Iron  oxide 

5  to  14 

7-00 

14  to  16 

10-50 

Alumina 

1  to7 

3to5 

2-60 

Magnesia 

6to9 

1500 

10  to  12 

22-00 

Water 

8  to  16 

22-00 

1400 

12-00 

Lime 

1-00 
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Thenickal  conteDts  of  th«  New  Caledonia  KArni^nte,  lately  amelled,  Avenge 
has  averaged  about  7  per  cent  of  nickel,  bub  each  Buoceeding  year  sees  t^QU  ofNew 
apoorer  p:oduct  bandied  and  shipped.  Caledonia  ore 

The  ore  is  intimatelj'  associated  with  a  peridotite,   and  its  varione  shipped. 

deoompoaitioD  producb^  grouped  together  under   the  name  of  serpen-  occi,ri^nce 

tine.     Freab,    undecomposed  pieces  of   this  rock,  made   up  ohiefly  of  <>'  New  C»l©- 

.   .  donia  depoaitii. 

olivine,  are  said  to  contain  as  high  as  I  per  cent  of  nickel.  These  serpen- 

tinee,  which  cover  the  larger  portion  of  the  area  of  the  island,  rise  into 
a  aeries  of  hills,  which  are  from  400  to  4,000  feet  above  the  sea,  the  Altitude 
general  elevation  being  about  2,000  feet.  The  deposits  generally  occur  which  depoaiui 
on  the  tops  of   these   mountains,    so  that  tranaportation   of  the  ore,  ''<'^'"''- 
mining  materials  and  supplies  is  very  tedious  and  difficult,  and  in  many 
oases,  expensive  roads  and  aerial  rope-ways  have  been  constructed  to  TranHjiorta- 
depoaita  which,  in  some  cases,  came  far  from  realizing  expectationa  as  ""'    ' 
to  extent  and   ricbneaa.     The  ore  bodies  oconr  as   veritable  'stock- 
works  ',  cutting  the  decomposed  peridotite  in  all  directions,  rnvariabjy,  duracter  of 
where  the  nickel  occurs,  the  surface  is  covered  with  a  highly   ferrugi-  ""■  bodies. 
nous  soil,  in  which  pisolitic  iron  ore  i.s  very  abundnnt.     Although  this  SM»ndnry 
decomposed  remnant  of  the  peridotite  contains  a  little  nickel,  most  of  the  "^■^"J^  meke 
nickel  has  been  leached  out,  to  be  deposited  in  secondary  veins  of  nickel 
silicate,  in  locations  at  various  depths  below,  favourable  places  for  such 
concentrations  being  in  the  vicinity    of  faulting    and  jointing   planes. 
The  veins  vary  in  size,  f  roin  a  few  inches  to  as  much  as  thirty  feet,  but  jn-egiiUrity 
they  are  exceedingly  irregular  in  this    raepect,  at   one  time  becoming  I'^'i'^i**'"- 
gradually  narrow,    while,   in   other  cases,  large  deposits    end  abruptly 
against  barren  rock.     These  veins  or  deposits  are   comparatively  shal- 
low.    It  is  true,  that  one  fissure  was  followed  down  about  600  feet  in  DeiKia'ts  are 
depth,  but  generally  the  veins  give  out  from  75  to  100  feet  below  the  ^^1^""'^  *" 
surface.  Without  reference  to  thesurface  mantle  or  covering,  from  which 
most  if  not  all  of  the  nickel  has  been  removed  by  leaching,  the  richest 
deposits  are  those  nearest  the  surface,   while   the  higher  parts  of  any 
deposit   are  richer  than  those  lower  down.     The  comparative  shallow-  Deposits 
neas  of  the  deposits   is,  however,  compensated  by  the  large  areas  they  o>'"^r  »  "'''Re 
cover,  and  some  of  the  mines  have  yielded  from  30,000  to  100,000  tons 
of  ore,  and  are  still  in  operation.     The  mining  is  carried  on  by  means  Methods  of 
of  open  cut  work,  the  ore  being  secured  by  means   of  a  series  of  ben-  """'"*f' 
cbes.     The  pick  and  shovel  are  usually  sufficient  to  loosen  and  remove 
the  ore,  but  occasional  blasting  is  somatimes  necessary.  The  ore,  when  Transporta- 
properly  mixed,  is  carried,  by  means  of  aerial  rope-ways  to  ground  tram-  ti""- 
lines,  from  which  it  is  transported  by  lighters  to  the  ships. 

Various  methods,  for  theextraction  of  nickel   from  these  ores  have  njeihodsof 
been  attempted.     Gamier,  whose  name  has  been  associated  with  these  ejitraoting 
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deposits  from  the  dat«  of  their  discovery,  tried  to  amelt  the  ore  directly 
I  to  ft  nickeliferous  pig  iron,  which  was  afterwards  to  be  refined  in  a 
reverbarntorj  furnace  to  ferro-nickel.  The  first  part  of  the  procexs 
proved  satisfactory,  and  the  nickel-iroo  pig,  obtained  from  the  richer 
lumps  contained  from  65-68  percent  of  nickel,  23-29'5  per  cent  of 
iron,  r5-2-5  per  cent  uf  sulphur,  36-5-5  per  cent  of  silica  and 
carbon  occurring  as  graphite  and  from  1  '5  to  2'&  per  cent  of  other 
impurities,  and  amongst  thsm,  phosphorus.  It  was  found  impossible 
to  economically  handle  or  to  refine  this  product  owing  to  the  presence 
of  sulphur,  which  hasastrong  affinity  for  nickel.  Various  wet  methods 
were  then  employed,  which  followed,  on  a  large  scale,  the  different  ope- 
--  rations  used  in  making  chemical  analyses.  The  ore  was  first  dissolved 
in  acid  and  the  metals  removed  by  the  use  of  lime  or  bleaching  powder> 
and  finally  a  solution,  containing  nickel  alone,  was  obtained.  From 
such  a  condition  it  is  easy  to  produce  the  nickel,  by  fusing  with  char- 
coal the  dried  nickel  salt. 

,  Later  on,  however,  they  adopted  a  dry  method,  in  the  preliminary 
stages.  In  the  first  years,  they  smelted  it  with  the  addition  of  a 
special  Norwegian  pyrrhotite,  containing  nickel  and  copper.  In  order 
to  remove  the  excess  of  iron  and  copper,  they  now  smelt  the  ore  in  low 
water-jacketed  blast  furnaces,  with  materials  containing  sulphur 
(calcium  sulphide  obtained  in  the  manufacture  of  soda  by  the  La 
Blanc  process),  or  with  gypsum.  The  gypsum,  which  is  made  up  of 
both  lime  and  sulphur,  is  reduced,  the  sulphur  uniting  with  the  nickel 
by  reason  of  its  greater  affinity  for  this  metal,  while  a  portion  of  it  is 
taken  up  by  part  of  the  iron,  the  rest  of  it  combining  with  the  silica, 
magnesia  and  lime,  and  the  rest  uf  the  ii'on  to  form  a  slag.  This  slog 
contains  about  4S  per  cent  of  silica,  12-13  per  cent  of  iron  and  not 
more  than  0-40  to  045  per  cent  of  nickel.  The  nickel-iron  matte  contains 
about  50-55  per  cent  of  nickel,  25-30  per  cent  of  iron  and  16-18  percent 
of  sulphur.  This  matte,  by  reason  of  its  greater  specific  gravity  sinks 
to  the  bottom,  permitting  the  tighter  slag  to  be  drawn  oft  This  matte 
is,  in  turn,  roasted  and  a  portion  of  the  sulphur  thus  removed.  It  is 
re-smelted  with  sand,  and  the  nickel  will  again  combine  with  by  far 
the  lai-ger  share  of  the  sulphur,  leaving  a  comparatively  small  propor- 
tion for  the  iron,  while  the  remainder  of  the  iron  combines  with  the 
silica  or  sand  to  form  a  slag.  By  a  repetition  of  these,  or  similar 
methods,  the  iron  is  finally  removed,  leaving  a  compound  made  up 
essentially  of  nickel  and  sulphur,  which  is  i-oasted  with  nitrate  of  soda 
to  produce  nickel  oxide.  This  is  then  mixed  with  charcoal,  and 
reduced,  by  the  application  of  intense  heat,  to  metallic  nickel. 
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Attempts  hare  been  made,  from  tinie  to  time,  to  pftrtially  refine  these  B«flnerieti 
ores  ia  New  Caledonia,  and  blast  fnmaces  were  erected  and  in  opera-  jq  n^y, 
tion,  both  at  Noumea  and  Tbio,  as  well  as  at  Newcastle,  in  New  South  CaledoDi». 
WaleK,  but  the  difficulties  of  procuring  coke,  suitable  flux  and  labour 
hare  hindered  their  progress  and  most  of  the  ore  at  least  ia  now  export- 
ed for  smelting  and  refining  purposes.     Most  of  this  ore  is  refined  in 
France,    where    '  Lo  Nickel '    company   have   eitensive  refineries  at  "^  ^"i 
Havre,  but  a  large  proportion  is   also  refined  at  Kirkintilloch  (near  Europe. 
Glasgow),  in  Scotland,  Erdingtou  (near  Birmingham),  in  England  and 
at  Iserlohn  (Westphalia),  in  Prussia.     The  Engineering  and  Mining 
Journal  of  May  20,  1S99,  notes  that  a  cargo  of    3,000  tons  of  New 
Caledonia  ore,  is  being  sampled   for  the  Orford  Copper  Co.,  the  ore 
averaging  7  per  cent  nickel.     The  merging  of  the  Nickel  Corporation,  ^J^J^ '*'?'*' 
Limited,  and  the  Society  Mini^re  Caledonienne,  of  New  Caledonia,  as  relined  iu 
part  of  the  International  Nickel  Co.,  will  result  in  the  smelting,  by  ^°'*^  ^^'*'' 
thb  company,  of  a  considerable  amount  of  Now  Caledonia  ore,  at  their . 
refinery  at  Constable  Hook,  N.J. 

Although  these  deposits  wer«  discovered  in  1865,  it  was  not  until  Fintutive 
1373  that  active  mining  operations  were  undertaken.     In  1880,  the  ^1^^^^,,, 
Soci^t^  le  Nickel  acquired  the  celebrated  mines  at  Tbio,  but  did  not 
commence  mining  until  1887. 


The  following  figures  represent  the  production  of  c 
from  the  New  Caledonia  mines. 


)  and  nickel 


PRODUCTION   OF   OBE  AND   NICKKL  FKOM  NRW  CALEDONIA. 


Ye»r. 
1         _ 

j 

Ore  mined.         ax,,^ted. 

Nickel 

Nickel 
cODtcnts. 

1875 
|l876 

327 
3,«6 
4,377 

155 

2,528 
4,070 
9,025 
6,881 
10,838 
5,228 
920 
8,602 

Tons. 

Ton*. 

Tom. 

11877 

11878 

11880 
|1S81 
1883 
1883 

1884 

....... 

210 
388 
749 
561 
904 
850 
150 
1,350 

1886 
1887 
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PRODUCTION  OF  ORB  AND  NICKHL  PROM  NEW  CALEDONIA. — C<m. 


Year 

()r^  milled. 

Or. 

Nickel 
ooalent*. 

Xkkel 
ointpnta. 

T.in>i. 

TuilH, 

Tons. 

Tour. 

1888 

6,616 

9001 

1880 

19,741 

.',.'.'. 

1,381 

1890 

22,690 

1,633 

1891 

35,000 



2,449 

1892 

1,244 

1893 

69,614 

45,614 

2,493 

I89i 

61,243 

40,089 

2.422 

1895 

29,623 

38,976 

2,548* 

(2,548) 

1896 

6,417 

37,467 

2,972* 

(2,707 

1897 

26,464 

57,439 

2,858* 

(2,858) 

1898 

53,200 

74,614 

3,(i08* 

(4,205) 

1899 

103,908 

103,908 

3,845* 

(4,205) 

1900 

100,319 

4,676* 

(4,526i 

1901 

132,811 

C,2()2* 

(5,210) 

1902 

(3,620) 

; 1 

*  Nickel  contents  of  ore  relined  in  Europe,  according  to  Mineral 
Industry.  The  figures  in  bracketB,  are  production  of  nickel  from  New 
Caledonia  ores,  in  France,  UL'rmany  and  Englnnd  (according  to  Metall' 
gesellschaft  and  Metallurgiscl.e  Gefeltachaft,  August  1903,  p.  23.) 


MBl'IIODS   OF    MINING   AT   SUDBURT. 

MpthnHfl  nf  The  methods  usually  employed  throughout  the  Sudhury  Ristrict  for 

SudUiry"         obtaining  the  requisite  supply  of  ore,  consist,  partly,  in  tihe  sinking  of 
JJistrict.  shafts  and  the  opening  up  of  the  ore  body,  by  oieana  of  underground 

levels,  drifts  and  slopes,  the  whole  of  such  mining  operations  being  car- 
ried on  under  a  solid  roof.  For  this  work,  very  little  timbering  is  requir- 
a<:i;ideiic<i         ^<  although,  in  some  cases,  serious  accidents,  involving  the  loss  of  one 
owinK  to  or  more  human  lives,  have  resulted  from  no;;lecting  to  provide  even  the 

tiniberinft.        small  amount  of  timbering  necessary,  where  occasional  slips,  faults  or 

slickensides  occur.     A?  a  rule,  however,  the  walls  and  roof  are  very 
Every  resBun-      ,.  ,         , 
Able  priKsu-     solid,  and,  at  the  present  time,  every  reasonable  precaution  is  taken  to 

iwing  t*kpn     8"*"!  against  such  accidents,  by    frequent,  careful    and    systematic 

t"  pnaure         scaling,  removing  all  loose  or  menacing  portions  of  rock  or  ore.     The 

mine'ri',  larger  part  of  the  oie,  however,  is  secured  by  a  combination  of  this 

method  and  a  system  of  open  cast  work.     This,  which,  in  reality,  is  a 

species  of  deep  quarrying,  is  a   very  cheap  and    effective  method  of 
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obtaioiag  Urge  supplies  of  ore,  and  these  cODsiderationa,   no  doubt.  Mining 

contributed  to  ile  adoption  in  the  first  place.  On  the  other  hand,  these  i^'^^.^* 

open  pita  being  exposed  to  the  weather,  work  iB,-at  times,  carried  on  **»'''  of  deep 

only  with  extreme  discomfort  to  the  men,  or  is  even  seriously  inter. 

rupted  during  periods  of  extreme  cold  or  otherwise  inclement  weather.  Drawbaolu 

At  the  same  time,  it  is  open  to  the  serious  objection,  that  it  is  much  op^pjta. 

more  dangerous  to  the  men,  and,  in  spite  of  tlie  most  careful  inspection 

and  frequent  scaling,  large  bodies  of  rock  and  ore   are  liable  to  be 

detached  by  the  action  of  frost,  gravity  or  other  agencies.     Lately 

a  disposition  has  gradually  developed,  to  abandon  in  large  measure,  L*tdy  more 

much  of  the  open  mining,  and  to  remove  the  ore  by  means  of  levels  methods 

and  stopes  at  regular  intervals,  beneath  these  pit  floors,  cross-cutting  ^op**^- 

the  ore  body  frequently  by  &  series  of  drifts.     Fioatly,  after  breaking 

away  overhead,  and  providing  an  arched   I'oof,  the   whole  is    stoped 

away  to  the  level  below,  and  the  ore  hoisted  from  thence  by  means  of 

shafts.     Only  such  pillars  and  supports,  as  are  necessary  will  remain 

standing,  and  the  intervening  spaces  will  be  filled  by  rock  and  ore  too 

lean  to  be  ntitized,  the  whole  being  supplemented,  when  necessary,  by 

material  fiom  the  dumps. 

The  system  of  open  cast  work,  which  has  hitherto  fonnd  most  favour  Explanation 
in  the  district,  consists,  first,  in  the  sinking  of  a  shaft  of  the  required  of  open  pit 
dimensions,  at  varying  angles,  this  inclination  being  governed,  mainly,  methods. 
by  the  general  dip  and  direction  of  the  ore  body.     This  shaft  secures 
the  necessary  accommodation  for  the  skipway  for  hoisting  the  ore, 
while,  at  the  same  time,  it  provides  a  manway  for  ingress  to  or  egres:- 
from  the  underground  workings,  by  means  of  ladders,  with  landings  at 
frequent  intervals. 

The  largest  pit  in  the  district  is  at  the  Greigbton  mine,  where  on  p    .  . 
the  first  of  June  last  (1904),  ore  was  being  hoisted  from  an  open  cut  mine  ie  the 
or  quirry,  measuring  about  350  feet  long,  by  275  feet  wide  and  62  feet  jlit^dH^kt. 
deep.     The  pit,  known  as  No.  2  mine,  of  the  Canadian  Copper  Com- 
pany, at  the  end  of  January,  1903,  was  opened  up  on  a  chimney  of 
ore,  which,  below  the  200-foot  level  is  growing  larger.     At  the  bottom 
of  the  open  pit,  which  has  reached  the  third  level,  at  217  feet  below  ^i't"*("Ka""* 
the  surface,  the  average  diameter  is  120  feet.     The  new  vertical  shaft  mine, 
had,  at  the  same  time,  reached  a  depth  of  390  feet,  the  fifth  level  being 
at  374  feet.     At  the  Victoria  mine,  the  main  shaft  has  been  sunk  to  a 
depth  of  567  feet,  with  various  levels,  drifts  and  stopes.     The  west 
open  pit  at  this  mine  measures  70  by  125  feet  at  the  surface,  gradually  vTc^c^rinmiDe. 
tapering  to  60  by  100  feet  at  the  first  level. 

Each  mine  is  provided  with  a  rock  house,  as  soon  as  its  permanency 
is  established,  and  a  double  skiproad  leading  to  it  from  the  mine.  The 
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Eauipmetit  ot  '***'  skips  having  a  capacity  of  1 J  tons  each,  are  hoisted  to  the  top  of 
rocL  huuww.     the  rockhouse,  dumping  automatically,  on  a  large  inclined  '  grizily  ' 
sizing-screea,  which  separates  the  fine  from  the  co&rse  ore.  Most  of  the 
ore  is  sledged  to  a  proper  .size   for  th .    niiiher  in  the   mine,  although, 
sometimes,  this  operation  takes  place  on  the  fioor  of  the  rock  bouse 
UrealMl^  to  The  coarse  ore  falls  near  the  mouth  of  the  15  x  d  Blake  crusher,  set 
Sher"^  '■"  to  about  1 J  inches,  whith  has  a  capacity  of  about  20  tons  per  hour,  (or 
400  tons  for  the  usual  two  shifts,  of  10  hours  each).     Occasionally,  as 
c»l«ciiy  of      at  the  Creighton  mine,  there  are  two  of  these  Blalce  crushers,  but  usu- 
Blike  CTiislier.  jjjjy  ^^^  ;^  considered  sufficient.     The  ore  is  then  passed  into  the  upper 
end  of  a  slightly  incliued  revolving  trommel  screen,  where  it  is  sized 
L'»eottroui-    ''"*  *''™«  classes,  for  the  succeeding  operation  of  roasting.     The  fines 
"h'^'ti"       ^'***  through  J  inch  mesh  boles  in  the  trommel  screen,  the  medium  or 
iD^  talilrx  in    ragging,  through  1  j  inch  holes,  while  the  coarse  is  discharged  at  the 
aiiitig  ore.        lower  end  of  the  screen  and  is  caught  on  an  oscillating  sorting  table, 
also  slightly  inclined  lengthwise.   The  jerking  motion  of  this  table  pro- 
vides such  a  rate  of  travel  of  the   pieces  of  ore,  as  enables  a  certain 
numberof  boys,  Btationedalong  the  side,  to  pick  out,  and  cast aside,a  con- 
siderable proportion  of  barren  rock  or  very  lean  ore,  at  the  same  time 
permitting  the  purer  and  higher  grades  to  continue  their  journey  to 
the  ore  bins.     Each  of  these  sizes  falls  into  a  separate  series  of  bins, 
,..-  from  which  ore  of  the  required  class  is  automatically  loaded,  by  means 

liu-H  fail  into   of  inclined  ste^-l  chutes,   into  standard  gauge  cars,  and  huuled  by  loco- 
IjiQ^  motives  to   the   roasting  yards.     At   the   time  the  surveys  for   the 

•Copper  Cliff  mines  area  were  being  carried  on,   there   were  three 
roasting    yards.     The    old  one,   which    was    graded    by    Dr.  K.  D. 
extt^ntof         Peters,  is  situated   immediately  west  of  the  old  or  East  Smelter,  and 
K^iraJdi*^    meosurBB  roughly  2000  feet  long  and  125  feet  wide.  This  still  remains 
in  use,  and  by  the  removal  of  the  Eut  Smelter   buildings,  which    ia 
about  accomplished,  this  will  be  increased  to  3000  feet.     For  some 
years,  a  small  roast  yard,  was  utilized  about  midway  between  the  ori- 
ginal Copper  Cliff  mine  and  the  Ontario  Smelting  Works.     The  site  of 
this,  which  measured  about    1000   feet  by  125  feet,   is  shown  on  the 
large  scale  maps,  but  it  has  now  been  abandoned,  as  its  situation  so 
Main  khuc      close  to  the  works  and  residences,  at  times  occasioned  great  discom- 
^UnMIe        ^'^'^  ^  ^'^^  workmen  and  inhabitants.     The  main  roost  yard  which  ia 
junction.  in  use  at  present,  and  which  is  capable  of  much  greater  expansion,  is 

located  to  the  northeast  of  the  West  Smelter  towards  the  Manitoulin 
and  North  Shore  railway.     At  the  time  the  surveys  were  mode,  it  was 
Size  >nd  about  2700  feet,  long  by  150  feet  wide,  and  it  could  be  very  readily 

c»[«city  of      extended  to  measure  4000  feet.  It  will  thus  be  seen,  that  without  any 
yktd.  gTMkt  effort,  roasting  ground,  with  a  capacity  of  from  250,000  to  300,- 

000  tons,  is  already  available.     Many  of  the  mines  situated  at  Copper 
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Cliff,  are,  of  course,  haady  to  the  roast  y&nts,  but  most  of  the  ore  at 
present  being  utilized  by   the  Canadian  Copper  Company,  is  brought  creighton 
from  the  Creighton  mine,  coming  over  the  Manitoulin  and  IJortb  Shore  jJ""^°[l 
railway,  adistance  of  about  Ti  miles  to  Clarabelle  Junction,  about  a  hauloil  about 
mile  northeast  of   the  main  roast  yard.      The  ore  from  the  Stobie  "  ""  ™' 
mine  ha.t  to  he  broaght  by  a  branch  railway  to  Sudbury,  a  distance  of  Ore  from  the 
about  3^  miles  and  then  down  the  'Saulf  branch  of  the  Canadian  f.^'^^^^ 
Pacific  railway  to  the  southern  roast  yard  at  Copper  Ciiff,  a  further  '"  f'*''!^  '^"' 
distance  of  about  4  miles.     The  ore  from  the  Frood,  or  No.  3  mine,  diBtanceii. 
has  to  be  hauled  first  to  thti  3tobie  mine,  by  a  spur  about  1  '25  miles 
long,  and  thence,  by  tbe  same  route  from   the  Stobie  mine  to  Copper 
Cliff.     Neither  of  these  minrs  are,  however,  in  operation,  as  an  abund- 
ant supply  of  very  high  grade  ore,  is  more  easily  procurable  at  the 
Creighton  mine.     At  the  Victoria  mines,  of  the  Mond   Nickel  Comp- 
any, an  aerial  tramway  carries  the  ore  from  the  mine  to  the  roost  yard, 
and  thence  to  the  smelter, 

METALLURGY. 

In  the  production  of  nictel  and  copper  frnm  a  sulphide  ore,  the 
following  operations  have  to  be  considered, 

Ojerationa 

1.  Treatment  of  the  ores,  for  low  grade  copper- nickel  matte.  necessary  for 

°  '^  the  prodaction 

2.  Treatment  of  the  copper-nickel  matte,  for  concentrated  copper.  ^I^'ni^g*'*** 
nickel  matte. 

3.  Treatment  of  this  matte,  for  copper-nickel  alloys. 

4.  Treatment  of  the  concentrated  copper-nickel  matte,  for  nickel 
matte. 

5.  Treatment  of  the  nickel  matte,  for  nickel  oxide  and  metallic  nickel. 
The  Ant  two  of  these  operations  are  carried  out  at  the  smelting 

works  in  the  Sudbury  District. 


The  metallurgical  treatment  of  this  ore  commences  at  the  roast  yard,  Ronstiogr  fimt 
whither  it  is  conveyed  from  the  mines,  and  being  piled  in  convenient  ^e£innrgical 
heaps,  on  previously  laid  cordwood,  ia  exposed  at  high  temperatures,  treatment. 
without  fusion,  or  at  most,  incipient  fusion,  to  the  action  of  currents  of 
air.     The  object  of  this  roasting,  is   to  bring  about  the  oxidation  of 
the  iron,  and  incidentally  of  the  sulphur,  as  complete  as  ia  possible  Objects  of 
without  involvir^  an  undue  loas  of  meta!,  in  the  slags  of  the  following  '  "  ™"  "'^' 
smelting,  and  second,  the  expulsion  of  arsenic,  if  any  should  happen  to 
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With  rare  ^  present.  With  the  possible  enception  of  the  Worthington  mine, 
exceptiuiia  and  some  other  deposits  in  that  vicinity,  none  o£  the  ore  of  the  Sudbury 
noirKDicin     _.      .  .  ,  i.  .  re 

Sudbury  ortM.  District  containa  any  Appreciable  Amount  of  arsenic  or  antimony.     1^ 

the  oxidation  be  very  imperfect,  the  resulting  matte  vill  contain  so 

„      ,      .        much  iron,  that  its  bringing  forward  will  be  unduly  costly,  while  if 

be  eiiprciE<«l     the  oxidatioD  be  too  thorough,  an  undue  loss  will  occur  on  smelting 

the'ore'ftnd  in  f'«  roaattd  ore.    At  Copper  Cliff  and  at  Victoria  mines,  the  Caaadiaii 

^'lf'"lrd8      Copper  Company  and    Mond  Nickel  Company,  have  spared  neither 

trouble  nor  expense  in  the  construction  ajid  equipment  of  their  roast 

yards.  The  sites  selected,  consisted  of  flats  or  swamps,  which  have  been 

LfvelUne  and  f'^''''''^''  graded  or  filled  up,  ony  natural  roughness  or  uaevenness  being 

draiainK  ol      cleared  away  and  levelled,  and  the  whole  being  given  a  gentle  slope, 

with  carefully  made  drains,  serves  to  remove,  at  once,  any  rain  or  surface 

water.     These  precautions  have  to  be  taken,  to  prevent  loss  of  metal 

taken  to  u  soluble  sulphates.     It  has  been  frequently  stated,  that  any  great 

lH¥v--n[  lii»     jg^  ■^^  thus  fully  guarded  against,  but,  so  far  as  known,  no  deliberate 

and  c<>i>[i?r.      attempts  have  been  made  to  determine  what  amount  is  thus  actually 

carried  off  by  rain  and  melting  snow.     After  the  heap  has  been  flredi 

a  crust  rapidly  forms,  which  is  believed  to  give  further  assistance 

Uimof  iiiftalg  against  loBH,  but  during  heavy   or  long  continued   vet  and  stormy 

not  knuwu.      weather,    it    is    be'ieved   an  appreciable  amount  ia   thus   removed. 

Whether  the  saving  of  this  is  a  commercial  possibility,  is  well  within 

the  range  of  experiment.     Hollows  in  the  burnt  oat  heaps  are  filled 

coiilxTiiickvl    with    stalactites,    an  analysis   of  one   of   which    gave    Mr.   Donald 

«alKiii.-B.       Locke,  the  following  composition  Cu  0.  8-42  per  cent ;  Ni  0, 10  21  per 

Watpr  of  *=*■*' ;  ^®  *^>  ^'^^  P^""  *^^°'  *"**  ^  '■'a  3''-''3  por  cent.  The  water  too,  of 

marBlifsoon-     the  marsh  adjoining,  has  a  decided  bluish  tin)i;e,  and  an  iron  object 

Immersed  in  it,  'n  immediately  covered  with  a  thin  coating  of  copper. 

Oi«n  sir  ht-aij       Open  air  heap  roasting,  as  practised  at  Sudbury,  is,  with  favourable 

nuwitinK  clirap  weather  conditions,  an  o!d,  simple,  cheap  and  very  effective  method  of 

treatment,  for  the  elimination  of  the  undesired  surplus  of  sulphur,  from 

low  grade  sulphide  ores.     Experiments  and  trials  have  been  made,  to 

profitably  save  this   sulphur,    by    pi'eeent  methods,    but    the  sulphur 

contents,   averaging  from   16  to  30  per  cent,  and,  for  the  most  part, 

Snlphur  approaching,  in  this  respect.,  the  lirst  mentioned  figure,  with  iron  from 

^"noinically    33  to  a  little  over  50  per  cent,  is,  apparently,  too  low  to  permit  oE  its 

■tiived.  economic  winning. 

Eiiieriinents  TituB  Ulk^  (')  states  that,  'during  1902,  was  demonstrated  the  com- 
to  make  uae  mercial  impracticability  of  cheaply  roasting  Sudbury  pyrrhotite  nickel 
for  th«  pro-  Ores,  which  do  not  average  over  26  per  cent  of  sulphur,  in  Harreshoff 
wji'i'hufouK       furnaces,  in  order  to  utilize  the  sulphurous  acid  gas  thus  obtained,  to 

(1)  MiD.  Induatiy,  Vol.  XI,  1WI3,  p.  490. 
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make  sulphite  palp  or  liquid  Bcid.  The  use  of  the  dead  roasted  residue,  "''^"'<'     . 
in  the  making  of  ferro-nickel,  waa  also  found  to  be  commercially  un-  not  oommer- 
Bncceosful.    It  is  recognized  that,  unleea  this  roasting  in  the  Herreehoff  f„j  a^rding 
furnace  can  be  done  mainly  without  the  aid  of  extraneoDti  heat,  the  ^  UUte. 
coBt,  compared  with  heap  roasting,  is  prohibitive,  and  that,  in   any 
case,  the  average  percentage  of  sulphurons  acid  in  the  gas  produced, 
is  too  low  to  (te  economical  for  use  in  the  manufacture  of  calcium 
bisulphite  for  making  sulphite  pulp.'>    On  the  other  hand,  Mr.  E.  A. 
Sjofltedt  (*)  metallurgist  to  the  Lake  Superior  Power  Company,  who  Sjostedt  hoWe 
initiated  and  carried  on  these  trials,  states  that  the  process  has  been  '■"^  revei^ 
worked  oat  in  a  satisfactory    manner,  the   pyrrbotito  being  roasted  on  prsctiol 
without  extraneous  heat,  and  yielding  sulphurous  acid  in  (juantities 
that  more  than  repay  the  cost  of  converting  the  raw  ore  into  briquettes. 

The    results    of    operations    for  two   weeks  in    1903,  showed   an 
average  recovery  of  86'4  per  cent  of  sulphur,  and  a  total  working  cost 
of  $1.86  per  ton  of  ore.  Such  are  the  conflicting  statements  of  experts, 
who  have  been  concerned  in  the  practical  working  out  of  the  process, 
but  the  popular  opinion  seems  general,  that  failure  has  followed  these 
elaborate  trials,   which  had  the  advantage  of  being  conducted  on  a 
commercial  basis,   by  skilled  men,  with  every  modern  appliance  to  _^j„,jj^g  p( 
ensure  success.     The  fact  that  the  Lake  Superior  Power  Company,  ordiiury 
during  their  later  operations  in  the  Sudbnry  District,  had  practically  methods 
adopted  the  general  system  of  heap  roasting  and  smelting,  seems  to  ^'^^^ 
lend  support  to  the  view  expressed  by  Mr.  Ulk^.  Muxe»a  b 

Tire  sulphurous  fumes  from  the  roast  heaps,  have  destroyed  most  of  i>t>stniciioii  of 
the  vegetation,  from  within  an  area  of   between  one  and  two  miles  of  vpRfiaiiun 
Copper  Cliff,  and  have  a  very  injurious  effect  on  vegetation,  and  especi-  fuiiies. 
ally  young  and  tender  trees  and  plants,  as  far  as  the  town  of  Sudbury. 
In  the  immediate  vicinity  of  Copper  Cliff,  the  destruction  wrought  to  injury  done 
all  growing  plaats  and  trees  is  very  complete,   and  a  more  desolate  cVff"'''*' 
scene  can  hardly  be  imagined,  than  the  fine  white  clay  or  silt  of  the 
flats,  through  which  protrude,  at  intervals,  rough  rocky  hills,  with  no 
trees,  or  even  a  blade  of  grass,  to  break  the  monotony.     Of  late  years, 
vegetation  bos,  so  to  speak,  become  accustomed  to  the  sulphur,  and  gro-  Vtgeucion 
dually,  and  as  a  result,  the  area  affected  by  the  fumes  is  becoming  more  '■^"'^  ^ 
circumscribed.  The  maple  seems  to  withstand  the  sulphur  the  best,  and  to  aulphur. 
trees  of   this  species  may  be  found   fairly  green   in  the  immediate  Maple 
proximity  of  the  roost  yards.     To  add  to  this  scene  of  desolation,  the  J^'  f^i^" 
hoasefl  are  of  wood,  rarely  painted,  while  most  of  the  area  is  covered  ^^^  ^'^^■ 
with  half-decayed  logs,  stumps  and  upturned  roots,  all  of  which  have 
a  peculiar  brownish  tinge,  the  result  of  the  sulphur,  which  acts  as  an 

(2)  Eng.  ft  Min.  Jour.,  April,  25th,  1903. 
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Iron  objects     wtcellent  preaeiTAtive.    On  the  other  hand,  all  the  barbed-wire  fences, 

npiiily  nten    telegraph  lines  aod  other  iron  objects  are  ruBt«d,   and  rapidly  eaten 

_    ■  '^  away,  requiring  to  be  frequently  replaced.     The  removal  of  one  of  the 

one  of  chp        roast  yards,  has  had  a  moet  marked  effect,  and  the  beneficial  results 

roaKtyn    b.      ^^jJ^j,  were  Bure  to  follow,  are  even  now  beginning  to  be  apparent, 

for  the  two  remaining  are  situated  to  the  east  and  northeast  of  the 

town  and  thus  the  prevailing  winds,   wbicli  are  froA  the  southwest, 

Imi*ove-         '•"  '^"^  ^  carry  the  fumes  awjy.     With  the  persistent  influence  and 

meniK  »t  iruidauce  of  the  president  and  eeneral  manaster,  Mr.  A.  P.  Turner,  trees 

Copiwr  Cliff.    °      ,    .  ,        •^,  ,  "  ,    ,  ,  .      -         ,  J 

are  being  planted,  certain  areas  graded  and  made  into  lawns,  roads 

opened  up  and  culverts  and  bridges  fixed,  while  the  tortuous  course 

of  a  small  stream,  running  through  the  town,  has  been  straightened 

and  deepened.     It  is  hoped  that  these  efforts  at  beautifying  the  place, 

Rulphur  "'ill  meet  with  the  success  they  deserve,  and  already  the  town  has 

turn™  liavc  no  t^ken  on  a  new  appearance,  due  to  these  improvementii.     The  fumes> 

effects  (in  man  which  are  free  from  arsenic,  seem  to  have  no  injurious   effect  on  man 

or  beast,  except  on  occasions,  when  particularly  dense  and  accompanied 

by  fog,  when  they  produce  a  peculiar  strangling  or  choking  sensation, 

accompanied,  on  rare  occasions,  by  bleeding  at  the  nose.  The  residents 

are  all  eeeuiiogly  healthy,  and  suffer  from  no   unusual   complainta, 

,Sen,>«tion«       while  Bome  even  assert  that  the  sulphur  is  a  positive  cure  for  catarrh, 

prixliicpd  l),v     consumption,  and  kindred  diseases.     People,  moreover,  at  first,  com- 

fiimiii.  plain  of  a  strangling  sensation,  but  this  gradually  disappears,  and  those, 

who  hare  resided  there  for  a  time,  miss  the  sulphur  when  lymoved  to 

another  place,  and  have  even  an  ill  defined  though  rarely  expressed 

longing  for  this  seemingly  heavy  and  satisfying  atmosphere. 

Touting  shed.       At  the  Murray  mine,  a  huge  shed,  with  numerous  large  chimneys, 

was  erected,  for  the  purpose  of  roasting  the  ore  during  the  winter,  but 

CKrelewneMt     it  was  uot  a  success  in  any  respect.     No  great  thought  or  care,  has  in 

louatTon  and     ^^  P***>  ™*'"ted  the  efforts  of  some  of  the  cotnpanies,  in  the  selection 

construction     of  a  site  for  the  roast  yard,  and  the  ore  has  been  placed    in   heaps, 

yards.  where  the  natural  surface  of  the  ground  permitted,  with  scarcely  any 

previous  preparation,  such  as  grading  and  draining.     The  mechanical 

loss,  alone,  from  such  carelessness,  must  have  been  far  from  negligible. 

The  main  supply  of  fuel  that  can  be  secured  and  is  used  for  the  heap 

mafn  f  "el         roasting,  is  dead  or  dry  pine,  often  stilt  standing  as  tall  bare  rampikes, 

used  in  the  remains  of  extensive  fires  whiub  swept  over  the  area  about  thirtjr- 

five  years  ago.     This  during  the  Grst  years  of  the  operations,  could  be 

Large  con-       secured  very  readily  and  cheaply,  but  the  extensive  and  continnoua 

fuel.  roasting  has  used  up  all  available  sources  of  supply  close  at  hand,  and 

this  wood  has  now  to  to  be  brought  considerable  distances  by  rail,  and 

is  now  often  mixed  with  ordinary  oordwood.     At  the  Victoria  mines, 
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howeT«r,  there  is  »n  abundaat  mp^y  of  this  dry  pine  for  jwn  to  £)ry  ^ 

ctnne,  and  it  is  brought  in  by  teuDB  ftnd  sleighs  during  the  winter,  ^|?^^^ 

from  the  area  immedi&telj  adjoinmg.     This  dry  pine  U  very  efficient 

for  this  purpose,  as  it  is  readily  kindled,  sjid  produces  almost  immedi. 

ately   a  short  though  fierce  beat,   which   serves    to  ignite   the  pile  Suitability  <rf 

thoroughly,  and  this,  onoe  started,  continues  bonuDg,  on  account  of  ^^^^  *" 

its  sulphur  contents. 

The  roast  heaps  are   rectangular  in  shape,  varying  in  size  from  40  CcutrDotion 
by  60  feet,  and  7  feet  high,  to  60  by  120  feet  and  18  feet  high,  and  J^'?'"' 
oontaining,  in  general,  from  200  to  over  3,000  tons  of  ora.     The  small  Amonnt  of 
heaps  of  200  tons  are  of  '  spilt  matte, '  of  which  mention  will  again  be  5™ ""  ""** 
made.     Oro  heaps  ara  not  less  than  about  600  tons.     Heaps  of  from 
800  to  1,000  tons  should  burn  out  in  from  40  to  50  days,  the  larger 
heap  taking,  in  general,  from  3  to  4  months,  while  occasional  heaps  con-  Durstioo  of 
taining  4,000  tons,  which  are  the  lar^eet  yet  attempted,  and   which  n>wtinS' 
were  by  no. means  a  brilliant  suocess,  have  been  known  to  burn  from 
6  to  7  months.     The  ore  is  piled  on  a  bed  of  split  wood,  about  one 
cord  being  used  to  twenty  tons  of  ore.  This  wood  serves  to  start  the  Amount  of 
oxidation  of  the  sulphur,  iron,  nickel  and  copper,  the  sulphur  to  aul.  '"^  "*^ 
phurous  acid,  the  iron  to  iron  oxide,  the  nickel  and  copper  chiefly  to 
solpbates.  The  sulphur,  which,  in  general,  averages  about  25  per  cent,  ^^  . 

is  reduced  to  about  6  or  8  per  cent,  while  the  iron  is,  in  large  part,  ozi-  hdoum  of 
dized  to  ferrous  oxide,  and  the  associated  norite  or  gangue  is  rendered  *   ^'"^' 
more  or  less  porous  or  diaintograted  by  the  swelling  and  oxidation  of 
the  ore.     An   analysis  of  roasted  ore,  in  December,  1888,  gave  F.  L.  xaHnnot 
8peri7  5-40  per  cent  of  copper,  2'43  per  cent  of  nickel  7  92  per  cent  of  routw]  otb. 
sulphur  and  25  per  cent  of  iron  and  the  rest  gangue,  chiefly  norite  or 
diorite.     L.  P.  Silver  {^)  states  that  an  average  sample  of  the  roasted 
ore  gave  3'2i  par  cent  of  copper,  2-16  per  cent  of  nickel,  8  32  per  cent 
of  sulphur,  2&'61  per  cent  of  iron  and  the  rest  g&ngue. 

Donald  Locke  says,  that  the  roasted  ore,  in  1902,  being  used  by  the  ;^*''*?^ 
Canadian  Copper  Company,  assayed  about  1.5  per  cent  of  copper,  2.5  routtMl  ore 
per  cent  of  nickel,  6  per  cent  of  sulphur  and  26  per  cent  of  iron.  At  ""  ^*'*' 
the  Uond  Nickel  Company,  no  assays  of  the  roasted  ore  are  made,  as  Noaawyg 
it  is  BO  variable  in  composition  and  difficult  to  obtain  representative  yrit°' 
material,  and  one  tenth  is  added  to  the  assays  of  the  raw  ore,  to  enal  le  routed  ore. 
the  furnace  manager  to  make  up  a  charge  for  smelting. 

When  an  abundance  of  ore  fines   is  in  stock,  over  and  above  the  Ore  iiiiM 
nanol  requiremeau  for  covering  and  finishing  the  heaps,   the  exc>«s  is  ^f^^^ 

L  Joiir.  C»n.  Min.  Inat  VoL  Y.,  1902,  p.  M4, 
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g«Q«nlly  used  to  cover  the  groand  on  which  the  nwst  heap  u  to  be 
built,  to  ft  depth  of  abont  six  ioohe*.  The  materwl  is  thns  '  cftked ' 
together,  in  the  roftstin^  ftnd  ftfter  hftving  eerTsd  for  eeTaml  routingB, 
is  broken  up  ftnd  osed  u  douk  ore,  m  it  hai  only  enjoyed  ftn  incipient 
oxidfttion.  Theee  rooat  pile*  h«  built  op  u  follows :  the  plftM 
■elected,  may  or  may  not  bo  oorered  with  the  '  finet ',  m  already  men- 
tioned, OS  oooasion  demands.  Sticks  of  oordwood,  of  nearly  nni- 
form  size,  should  be  placed  side  by  aide,  across  both  sides  and 
ends  of  the  rectangular  area.  The  whole  interior  of  this  may  be 
filled  in  with  old  stomps,  roots,  ties  or  cordwood,  as  material 
oomes  to  hand,  bnt,  in  such  a  way,  as  to  form  a  level  and  solid 
bed,  on  which  the  ore  is  to  rest.  Over  this,  is  placed  small  wood 
and  chips,  to  fill  up  all  the  loi^r  interstices,  core  being  taken  to 
provide  small  conaU,  filled  with  kindlings,  at  intervals  of  8  to  10 
feet,  leading  from  the  outer  air  to  the  center  of  the  heap.  As  first 
practised,  these  canals  connected  with  'chimneys',  along  the  oentre 
which  were  specially  designed  torapidlyond  oertunly  kindle  the  wbcde 
heap.  These  chimneys  were  osnolly  bnilt  of  four  sticks  or  old  boards, 
BO  fixed  together  as  to  leave  an  opening,  communicating  below  with  the 
draught  passages.  Five  or  six  such  chimneys  sufficed  for  each  pile,  and 
they  were  made  to  project  two  feet  above  the  upper  surface  of  the 
heap,  so  that  no  pieces  of  ore  could  fall  into  the  flue  opening.  Such 
precautions,  to  insnre  certain  kindliog,  are,  however,  not  needed,  and 
the  canals  are  amply  sufficient  tor  this  purpose ;  besides,  it  was  found 
that  they  induced  uikdue  local  heating  in  their  immediate  vicinity,  thus 
tending  to  indpient  fusing  or  matting  of  the  ore,  which  is  to  be  specially 
guarded  against.  The  bed  ot  cordwood  varies  from  9  to  16  inches  in 
depth,  according  to  the  lise  of  the  pile.  This  bedof  fuel  being  completed, 
the  coarse  ore  to  the  extent  of  about  66  per  cent  of  the  whole  hei^  is 
transferred  by  wheel  barrows,  from  the  cars,  over  a  narrow  and  roughly 
I  cooBtructed  trestle  platform,  running  the  whole  length  of  the  heap. 
This  plan  is  sometimes  adopted  by  the  Uond  Nickel  Oompony,  at  the 
Victoria  mines,  although,  in  some  instonoes,  the  tram  can  are  deflected) 
by  means  of  a  spur  or  branch  line,  from  the  aerial  tramway,  ruoniiiK 
over  the  roast  beds.  The  car  is  then  lowered,  and  the  ore  dumped 
directly  at  any  place  desired.  The  medium  sized  ore  or  'ragging', 
about  the  size  of  nut  coal,  is  then  carefully  spread  over  the  coone  ore, 
and  lastly,  the  whole  heap  is  covered  up  with  fines,  till  a  height  of  from 
G  to  18  feet  in  reached,  according  to  the  size  of  the  pile.  The  whole 
stmctare  shoald  then  form  a  shapely  rectangular  pile,  with  sharp  cor. 
ners,  and  as  steeply  sloping  sides  as  the  ore  will  naturally  lie  on  with- 
out  rolling  (about  45*). 
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Th«  h«ap  i>  now  flntBbed^  and  only  thoae  opeaiogB,  oonnecting  with  igniting  the 
the  outKla  around  the  baaa  of  the  pile  are  left  exposed.     Kindlinga  or  "'"^  ^™t^ 
cotton  waste,  saturated  with  oil,  are  applied  to  theoe  openings,  and  these 
are  siiBaltaneoiuly  ignited.  These  openings  are  themselves  oovered  over 
with  'fines'.  ■■  soon  as  the  cordwood  is  bnming  freely.     In  spite  of 
this  ample  ooraring,  the  whole  of  this  fnel,  as  stated  bjHr,  Junes  McAr- 
thnr,  (^)  is  bnrned  oat  in  about  60  hoars  after  lighting  up.   '  A  complete  Ratatinf  ia 
oxidizing  roasting  prooeas  then  begins,  and  oontinnes  until  the  end,  ^^,^^'™^ 
namelj,  until  the  salphur  contents  are  so  far  rednoed  and  bamed  off, 
that  there  is  not  anffioient  left  to  promote  further  oombustJon.     The  On]?  from  6 
remaining  portion  of  the  sulphur  (6  to  8  per  cent)  is  enclosed  and  sealed  ^tbur' 
up  in  non-porous  portions  of  ore  or  matte,  the  aemi-fuaed  covering  of  raniuns. 
which  would  require  to  be  re-broken,  in  order  to  expose  fresh  f acee  under 
heat  and  thus  liberate  the  remaining  sulphur.  This  oould  cmly  be  done 
by  turning  over  and  re-roasting  the  ore,  after  the  first  roast  was  finished)  Remaining 
but  it  is  not  at  all  necessary,  as  the  ramuning  sulphur  is  essential  in  '"'^''^1^  ^ 
the  smelting  of  the  ore,  in  order  to  produce  a  clean  slag '.     About  i»wluce  a 
twelve  hours  after  firing  the  whole  heap  should  be  pouring  forth  dense    ™"  *^' 
pale  yellow  (nmes  of  solphurous  acid.     Qreat  attention  is  paid  to  the 
pile  for  the  first  few  days,  to  prevent  excessive  local  heating,  whioh  ~        ^^ 
frequently  causes  partial  fusion  of  the  ore,  this  tending  to  prevent  suo-  tioo  gitm  to 
cessful  roasting.     The  heap  is  carefully  and  systematically  watched  jj^^  flriiig',[or 
day  and  night,  and  all  holes  or  fissurea,  oansed  chiefly  by  settlement  ^"'  '^*'  ^7^ 
due  to  the  burning  out  of  the  fuel,  are  at  once  covered  with  '  fines  '  of 
raw  ore.     After  the  first  few  days  are  over,  the  pile  may  be  left  to 
itself,  until  cold  enough  to  remove  to  the  storage  bins  or  furnace.  After 
the  period  of  roasting  is  over,  and  the  pile  is  cold  enough  to  be  handled, 
the  outer  covering  of  partially  roasted  ore  is  first  removed.     This  is  iag  fint 
more  abundant  along  the  sidea  and  base,   and  the  precaution  ii  some-  '*™°^™- 
times  taken  to  oover  up  these  portions  of  the  pile,  with  old  iron  sheet- 
ing, which   materially   assists   in  preserving   the   heat,    thus  aiding 
tiie  roasting.     The  longer  the  period  of  roasting,  the  less  the  matting, 
and  of  couTBe  the  larger  the  heap,  the  smaller  quantity  of  the  oulwde 
covering  or  margin  is  left  only  partially  roasted.     When  this  outer 
covering  ia  removed  to  be  re-roasted,  the  remainder  af  the  heap  ia  con-  _._ 
veyed  in  wheel-barrows  a  few  yards,  in  one  oase,  to  a  sunken  railroad>  methoda  of 
which  runs  alongside  of  the  roast  yards.     At  the  Mond  Nickel  Com-  nMuted  on. 
pany,  it  ia  loaded  into  cars,  which  are  hauled  up  an  inclined  tramway, 
to  an  Blevat«d  series  of  storage  bins  at  the  roast  yard,  from  whence  it 
is  loaded,  as  required,  into  the  aerial  tramcars,  and  thus  conveyed  to 
the  smelter. 

1.  Ann.  Rsport,  Bar,  <ii  Minn,  Onl.,  1903,  p.  300. 
U_H— 13J 
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Til*  ore,  when  ro«sted,  is  aggregated  together,  in  targe  cliokerJiko 
^  mwasec  These  are  looMned,  uid  broken  np  into  saitable  pieces  for 
flmelting,  nauallj  by  pick  and  shovel,  but  often  the  assistance  of  explo- 
sives ax«  needed  to  help  in  the  remoTtd.  This  ruuted  ore  is  loaded 
on  large  side-dumping  cars,  and  hanled  by  looomotives  to  the  stock 
bins  at  the  furnaces.  'An  experienced  workman,  knows  the  difbreooe 
in  the  quality  of  roasted  ores  at  sight,  and  is  able  to  mix  them  roughly, 
aa  they  are  loaded  into  the  cars  at  tbe  heaps,  to  be  taken  to  the  smelter 
and  dumped  into  separate  binsi.  Here  it  is  sampled,  and  again  mixed 
by  the  furnace  men,  and  made  into  smelting  chargw  and  fed  into  tbe 
furnaces. 


Smelting  it 
Sudbury 

diitriut. 


Production  of 


The  copper  nickel  ores  of  the  Sudbury  District  are,  at  present,  (June, 
1901,)  being  treated  by  only  one  corporatioo,  the  Canadian  Copper 
Company,  but  daring  the  progress  of  our  work  in  190i  uid  1902,  both 
the  Mond  Nickel  Company  and  the  Lsku  Superior  Power  Company 
were  also  oooducting  smelting  operations.  The  Mond  Company  pro- 
duced both  the  blast  furnace  or  standard  matte,  and  the  bessemer  or 
oonverter  matte,  while  the  last  mentioned  corporation  restricted  cheir 
refining  process  to  obtaining  tbe  lower  grade  or  blast  furnace  matte. 
The  smelter  of  the  Lake  Superior  Power  Company,  situated  at  the 
Gertrude  mines,  was  completed  early  in  June,  IWi,  and  forsome time 
was  treating  from  100  to  160  tons  of  ore  daily.  The  matte,  resulting 
from  these  operations,  steadily  aocnmulated  at  the  works,  until  the  sdb- 
pension  of  all  operations  of  this  concern  in  1903,  and,  during  thb  period 
about  2,000  tons  of  the  standard  matte  were  produced.  This  matt» 
is  stated  to  have  contaiaed  29  per  cent  of  nickel  and  copper  oombined, 
the  proportion  of  the  nickel  to  the  copper  being  as  2  to  1.  It  iras  propo. 
sed  to  further  refine  this  product  at  aconverttr  plant,  being ert-cted  at 
Sault  Ste.  Marie,  or  to  ship  it  elsewhere  to  be  reSn-d.  In  od  litijn, 
about  20  tons  of  ore,  daily,  out.  of  a  total  produutiou  of  200  tons,  were 
picked  out  OS  free  as  possible  from  cholcopyrite,  which  quantity  was 
laid  aside,  to  be  shipped  to  Sault  St<-.  Mane,  for  the  manufacture  of 
ferro-nickel. 

From  IbBS  to  1893,  the  Murray  mine  conducted  rather  ex irnsive 
smelting  operatiooH,  making  both  standard  and  bessemer  matte.  The 
average  of  tbe  lower  grade  product  was  85  per  cent  of  nickel  and  4 
per  cent  of  copper,  while  Walker's  analysis  of  the  latier,  showed  it  to 
contain  48'82  percent  of  nickel  and  cobalt  and  25'92  percent  uf  copper. 
The  Dominion  Mineral  Company,  during  the  same  period,  produced  only 
standard  or  blast  furnace  matte,  containing  from  18  to  20  per  cent  of 
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copper  «nd  2i  to  26  per  cent  of  oickel.     About  1893,  and  later  ia  Drnrr 
1896  and  1898,  the  Dmty  Nickel    Company  and  the  same  corpora-  ^"*''  "^ 
tioa  reorganized  under   the   name  of   the    Trill    Mining  Company, 
smelted  and  Bold  about  420  tons  of  blast  furnace   matte.     During 
the  early  '90'a,  the  Canadian  Copper  Company  produced  a  considerable  E 
amount  of  high  grade  matte  by  the  bessemer  process,  but  the  refinera  Sliced  Sy* 
seeming  to  prefer  the  standard  or  blast  furnace  matte,  the  manafao-  9*°^'^ 
tnre  of  this  product  was  abandoned,  and  the  bessemer  plants  consisting 
of  a  cupola,   and  3  converters,  located  at  the  East  Smelter,  has  been 
left  idle  for  the  greater  part  of  the  time  since.     In  the  fall  of  1900,  Erection  of 
the  plant  of  the  Ontario  Smelting  Works  was  installed  by  the  Orford  g^^^ 
Copper  Company,  an  organization  closely  related  to  the  Canadian  Cop-  Worki. 
per  Company,  both  of  which,  in  April,  190S,   were  included  in  the 
amalgamation  of  these  and  kindred  corporations,  under  the  name  of  the 
International  Nickel  Company.  These  works  were  d»<igned  to  further 
refine  the  low  grade  or  blast  furnace  matte  of  the  Canadian  Copper 
Company. 

Before  the  erection  of  the  new  smelter,  which  will  be  described  and 
figured  later,  the  Canadian  Copper  Company  had  smelting  plants  in- 
stalled in  two  separate  buildings,  known  respectively  as  the  East  and 
West  Smelters,  The  processes  at  the  two  smelters  were  alike,  and  they  ttie":^t^d 
differed  only  in  the  number  of  their  blast  furnaces.  At  the  West  Smel-  West  iroelMn 
ter  there  were  eight,  and  at  the  East  Smelter  five  blast  fuanaces,  in  ClifF. 
addition  to  the  liessemer  plant.     Lately,   the  East  Smelter  has  been 
dif^mantled,  and  in  a  short  time  it  is  stated  to  be  the  intention  of  the 
Company  to  puU  down  the  West  Smeltor  also,  and  concentrate  all  re- 
fining operations  under  one  roof.    At  the  time  of  writing,  no  smelting 
is  carried  on  at  Copper  Cliff,  but  the  Company  have  leased  the  Hond 
Smelter  at  Victoria  Mines,  for  a  period  of  six  months,  this  lease  eipir-  p      ,. 
iag  about  the  Ist  of  August  next,  and  all  refining  operations  going  on  Copper  Co'b, 
at  present  are  carried  on  at  this  place.  Victoria 

The  smelling  or  blast  furnaces  have  the  form  of  a  fattened  ellipse,  g^eit^r. 
are  9  feet  in  height  to  the  charging  door,  and  measure  9  feet  by  5  feet 
at  the  top,  and  8  feet  5  inches  by  4  feet  4  inches  at  the  tuyeres,  of  tuS^^SJl^f 
which  there  are  25  (2  inch),  arranged  in  two  rows.  They  are  made  of 
rolled  steel,  with  a  water  space  of  two  inches,  between  the  outer  and 
inner  plates,  and  have  for  a  bottom  a  cast  iron  plate,  1|  inches  thick, 
protected  by  fire-brick,  the  whole  supported  by  four  strong  cast  iron 
l^s.  A  light  dome  of  plate  steel,  brick-lined  at  the  top  and  sides, 
covers  the  furnace,  and  in  one  side  of  this  dome,  on  a  level  with  the  ore 
bios,  is  the  feed  door.  The  furnace  gases  posa  to  the  stocks,  (one  to 
each  pair  of  furnaces),  through  brick  chambers,  with  trough-shaped  sheet 
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iron  bottoma.     Hm«  tfae  flue  diut,  hftving  an  opporta&ity  to  bo  prmn- 
piteted,  ia  teken  periodically  from  theae  ohunben  sod  added  to  tbe 
blaat  fnmaoe  charges.    The  ameltera  are  eitoated  at  or  near  tbe 
Location  of      gronod  level,  and  ore,  ooke  and  flas  are  brought  into  the  bailding  on 
t  umxMa.  j^  elevated  track,  and  damped  into  the  bins  on  the  feed  floor  levoL 
The  well,  forehearth  or  settling  pot,  ia  built  of  oait  iron  water  jaoketa 
in  four  MOtioiu,  with  a  water  space  of  six  inohea,  and  reeta  upon  four 
DewriptioD  of  wbeela,  tor  oonTenienoe  of  moviog  it  whenever  repairs  lue  neoesoary,  a 
fonhmrth.       leoond  well  standing  ready  to  be  put  in  its  place.     When  the  fore- 
hearth  is  in  position,  a  square  opening  on  one  side,  ia  fitted  bj  flre-olajf 
to  a  oorreoponding  opening  in  the  furnace,  and  the  molten  slag  and 
matte  flow  into  the  forehearth,  when  tbe  fnmaoe  is  in  blast.     The 
feeding  of  the  furnace  ia  continued,  at  frequent  and  stated  intervals* 
and  as  the  molten  mass  gathers  at  the  base  of  tbe  fornaoe,  it  flow* 
&UtM  or         through  tbe  discharge  hole,  into  the  forehearth,  where  the  heavier  or 
meuukpor-    metallic  portion  (matte),  sinks  to  the  bottom,  while  the  lighter  slag 
the  bottom,     rises  tO  the  sarfaoa,  to  flow  out  in  a  continuous  stream  from  a  water 
,,    ^  cooled,  phosphor-bronze  slag  spout,  toaMcArthur  gnnulating  trongb- 

MaArthnr       where  it  oomes  in   quiet  oontaot  with  a  stream  of  water,  that  baa 
^^^    "^     already  done  dot;  in  the  water-jackets  of  the  furnace,  and  flowing  in 

„.  tbe  same  direction  as  the  stream  of   molten  slas.     This  granulated 

Dupoaition 

o(  grauulmMd  slag  is  carried  by  the  water,  which  gradually  filters  away  into  the 

*"''  dump  or  into  the  slag  wells,  out  of  which  the  slag  is  elevated,  by  means 

UaBofsnuu)-"^  a  bucket  elevator,  into  high  waste  heaps.     From  these  immense 

ated  ilag  fat    dumps,  road  makera,  and  especially  tbe  Canadian  Pacific  and  Mani- 

roMl*.  toutin  and  North  Shore  railways,  help  themselves,  loading  this  slag 

on  oars,  bj  means  of  steam  shovels,  for  use  as  ballast,  for  which  it  is 

ezoellently  adapted.     It  ia  much  heavier  than  ordinary  ballast,  and 

does  not  retain    water,  and,  therefore^  is  not  so  liaUe  to    wash-outs, 

or  to  freeae  in  winter  and  heave  up  the  tracks,   as  does  the  ordinary 

sandy  or  silt  ballast  often  used  in  the  district. 

lapping  of         The  matte  is  drawn  off  periodically,  the  tap-hole  (or  this  purpose 

*"*'*"'  being  situated  at  a  lower  level,  which  is  opened  with  a  pointed  iron 

'    rod,  and  afterwards  closed  with  a  plug  of  fire-clay.     This  process  is 

usually  attended  with  a  display  of   fireworks,  but,  as  the  men  engaged 

at  it  become  very  expert,  the  stream  of  liquid  matt«  ia  very  quickly 

Mktte  is  and  eSeotively  stopped.     The  matte  is  then  allowed  to  remain  in  the 

•ettie  in  pois.  °M^  ^'^  po*"  <*^  mouIds,  into  whioh  it  has  been  tapped,  until  oool, 

when  it  is  damped  out,  broken  by  means  of  sledge-hammers,  weighed, 

loaded   on  cars,   and   shipped    to   the  Ontario  Smelting    Works  for 

further  treatment. 
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Tin  blast  is  farolBhed  by  So.  7  ConuenTiUs  blowers,  ditcharging  xjw  ud 
67  ottbio  fact  of  air  blast  per  revolution,  and  making  from  90  to  130  tw^''  "^ 
rovolntions  per  minute,  each  blower  being  driven  by  an  engine  of  fiO 
H,  P.     The  blaat  is  delivered  at  tbe  tuyeres  at  a  proHSure  of  aboot 
fonrteen  to  sixteen  ounces  per  square  insh. 

The  roasted  ore,  with  which  the  fnroace  is  principally  charged,  is  a  DsKription 
mixture  of  oxides,  sulphates  and  sulphides  of  niokel,  copper  and  iron,      ""*     .""' 
together  with  a  certain  amount  of  the  basic  silicate  of  the  gangue. 
The  prooesB  of  smelting  is  very  economical,  the  ore  furnishing  in  itself 
the  exact  ingredients  for  floxing.     By  the  smelting  of  the  ore,  with  a 
small  quantity  of  quarts,  in  the  blast  furnace,  using  from  16  to  17  per  Praportioii  of 
cent  of  ConnetleviUe  coke,  the  iron  is  chiefly  reduced  to  ferrous  oxide 
and  forms  a  slag  with  the  gangne  and  quarte. 

TTnder  1  and  II,  are  analyses  of  this  slag  by  Mr.  Donald  Locke,  late  ^„^w^  ^ 
assayer  of    this    Department.      Under  III,  is  an  aversge  analysis,  Uut  fnmsce 
published  by  H.  John  Herdt,  (*)  while  under  rV,  is  an  analysis  by  ^*' 
Mr.  J.  W.  Bain.  (>). 

I  II  lU  IV       ■ 

Silioa 3416         33-&8         38-00         2667 

Ferroosoxide 41-34        44-37        4300        50-63 

Ferrous  sulphide 3-S3 

Lime. 8-33  6-62  4-60  3-38 

MagnesU 344  277  2-00  2-&6 

Copper 036  013  0-40  020 

Nickel 0-23  0-23  0-4ft  0-10 

Alumina 9-03         10-41  10-00         13-88" 

"Sulphur 0-&1         

Totals. 97-49        9711       100-85      100-52 

The  nickel  and  copper,  and  some  of  the  iron,  unite  with  the  sulphur  Autboritita 
bo  form  a  matte.     Under  I  and  II,  are  analyses  of  this  blast  furnace 
or  standard  matta,  the  results  obtained   by  Hr.  Donald  Loo'^e,   in 
November,  1902  ;  under  III,  is  an  analysis,  by  Mr.  J.  W  Bsin,  (I90G)  i 
ander  IV,  is  the  mean  of  two  analyses  of  matte,  which  were  made  by 
Mr.  F.  li.  Sperry,  on  the  22nd  February,  and  the  2nd  of  March,  1S89. 
Under  T,  is  the  copper  and  nickel  determination  for  this  matte,  in  ^iV"  '^ 
February,  1891,  while  under  VI,  are  determinations  for  these  same  mMte. 
metals,  by  Hr.  L.  F.  Silver  (1903). 

(1)  "  Las  ITuMB  de  Niokal  du  Distnet  de  Sadburj  (OnUrio)."    Ibip.  Chun,  de 
CoDimeroe,  HoDtceal,  1862,  p.  80. 

(9)  Ann.  Hap.  Bur.  of  Minaa,  Ont,  1900,  p.  217. 
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I 


CoDper... .14-69        U-53 
Nickd....28-17        26-34 

Iran 31-89         3415 

Salphnr.... 24-96        24.93 

Cobalt 

Sla« 


19-87 

26-910 

17.24 

20.36 

16-75  . 

U-140 

21-44 

16-18 

43-90 

31-236 

18-72 

26-950 

0-63 

0-236 

0-05 

0-935 

dAily^iarga 
Mill  produc- 
tion of  blMt 


Totals. . .  99-71        99-86        99-92        100-406 

Each  fanuoe,  of  which  there  were  13  iastnlled,  puta  through  kbout 
130  tons  every  24  hours,  the  total  oi^iacitf  being  abouh  1800  toiu  per 
day. 

Mr.  Donald  Ijockn  given  the  following  avera^  for  &  day's  work  of  a 
■umace.  In  a  d*y  of  23  hours,  using  12  oz.  blast  pressure,  there  were 
smelted  264,000  lbs.  of  roasted  ore,  assaying : — 

Copper 1-43  per  ceot. 

Nickel    2  5(j 

Silica 26-00        " 

Sulphur 5  57 

To  this  was  added  3,600  lbs.  of  quartz,  with  98  per  cent  of  ailicv, 
'  using  45,300  lbs.  ooke  (17  per  cent).  There  were  produced  26,318  lbs. 
of  matte,  containing : — 

Copper 1 1  '90  per  cent. 

Nickel   2210 

and  207,425  lbs.  of  slag,  containing  : — 

Copper 0-27  per  cent. 

Nickel 0-40 

SUicft 3200         " 

Iron 40-00        " 

An  extraordinarily  good  run  was  as  follows  :— With  a  16  oz.  blast, 
there  were  smelted  in  24  hours  : — 

Ore 610,000   lbs. 

QuarU 2,250     " 

Using  coke 87,200    " 

There  were  produced  : — 

Hatt« 44,231   lbs. 

Slag 439,233     " 
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The  furnace  gases  pass  to  the  stacks  (one  to  each  pair  of  furnaces),  porroationof 
through  brick  ohambera,  with  trough-shaped  sheet  iron  bottoms.  Here  fluediut. 
the  flue  dust,  having  an  opportunity  to  be  precipitated,  is  taken  perio- 
dically from  these  chambers,  and  added  to  the  blast  furnace  charges.  Nickel  and 
Four  samples,  assayed  by  Mr.  Locke,  in  1902,  resulted  as  follows ;—     ^g^Xe 
L  II.  III.  IV.  ^'"^ 

Copper 1-45         1-49         1-65         139 

Nickel 3-28         3M         379         3  62 

An  assay  of  a  typical  sample,  by  Mr.  L.  P.  Silver,  ( ' )  gave  oopper  4, 
2S  per  cent  and  nickel  9'37  per  cent. 

la  the  roasting  of  the  ore,  a  Ui^  proportion  is  badly  roasted,  or, 
owing  to  the  heat  in  the  pile  being  too  intense,  the  ore  melts  to  matte,  Production  at 
and  is  not  roasted  at  all.  This  should  be  re-roasted,  and  is  so,  to  a  cer- 
tain extent,  but  when  lurge  orders  are  on  hand,  this  uaroaated  and 
partly  roasted  ore,  is  smelted  in  the  blast  furnace,  and  the  resulting  low 
grade  matte  is  '  split,'  that  is,  pour'  d  out  on  the  ground  in  layers  of 
alwut  half  an  inch  in  thickness,  and  broken  up.  Two  assays  of  this 
'spilt'  matte,  collected  in  NoTember,  1902,  gave  Mr.  Locke  the  fol- 
lowing results  : —  Coinpoaition 

of '  flpiit ' 

Nickel 2'30  per  cent.  3-43  per  cent.  mattein 

Copper 326         "  356         "  Not.1902. 

Iron 6308         "  61-18 

This  matte  usually  contains  from  7  to  15  per  cent  of  the  metals  and  a 
typical  sample,  analyzed  by  Mr.  L.  P.  Silver,  (op.  cit.),  contained,  nickel  Other  aiiu^ 
601  per  cent  and  copper  745  per  cent.  ^tta'* 

Thb  'spilt  matte'  is  broken  up  and  taken  to  the  roast-yard,  where 
it  is  roasted  in  small  heaps  (about  200  tons).     After  the  necessary  Routingof 
oxidation,  the  roasting  usually  lasting  about  30  days,  it  is  re«nielted    'P  '    '"^ 
being  added  to  the  blast  furnace  charge,  in  place  of  some  of  the  ore, 
the  matte  thus  produced  being  thereby  much  richer  in  mctaUio  con- 
tents. 

Previous  to  the  installation  of  the  plant  at  the  Ontario  Smelting 
Works,  the  Canadian  Copper  Company  still  farther  refined  their  own  Beuemerizmg 
blast  furnace  or  standard  matte,  by  the  '  Bessemer  Process.'  In  these  W  CaaMian 
earlier  years,  about  1893,  this  was  done  on  rather  an  extensive  scalei 
but  during  the  later  'dO's,  there  was  no  very  constant  or  large  demand 
for  this  higher  grade  of  matte,  and  this  method  of  concentration  was 
only  practised  as  occasion  demanded.  The  converter  used  was  of  the 
Manh^  typ^  with  a  capacity  of  one  and  a  half  tons,  with  a  new  lin- 
ing, and  three  tons  with  an  old  lining. 

(1)  Jour.  C«D.  MiD.  IiMt,  Vol.  V,  1902,  p.  646.  ^  '~~ 
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Thfl  proo«w  is  verj  similar  to  that  followed  in  beaiemeriiiiig  iron. 
The  M»Dhte  ooaTertera  are  cjlindricftl  shftped  vesuls,  with  convex  endi 
meunring  nan&lljr  about  eight  feet  in  length,  with  a  diameter  of  abont 
fonr  feet.  The;  are  mndtt  of  boiler  plate,  and  lined  with  a  thick  tajer 
of  clay  mixed  with  qnartc 

In  the  6nt  years,  much  of  the  quarts  used,  and  especially  at  the  Mnr. 

o^quujts.'roiD  ray  mine  wai  obtained  from  the  Bruce  Mines,  where  great  qnantitiea 

of '  skimpings '  exist,  resalting  from  the  jigging  of  the  ore  from  that  mine 

during  ite  operation  in  past  years.  This  material  ooDSLnta  of  the  crushed 

SUm  uMd      qnartzose  gangne,  cleaned  of  all  bnt  a  small  proportion  of  the  snl- 

a^ooniM       phides  of  copper,  constituting  the  ore.     It  carries  bnt  a  small  propor- 

Kelley  kk&     ^ion  of  felspar.     The  silica,  now  to  be  need,  is  obtained  from  a  large 

vein  of  massive  quarts,  situated  on  the  high  range  of  norite  hills  near 

the  shores  of  Kelley  lake,  a  little  over  a  mile  south  of  the  lai^  new 

smelter. 


EmploriiMot 
otquuti  troiL 
Bnioe  Mine*. 


DMcHption 


The  converter  rests,  with  its  axis  horiiontal,  on  a  carriage  running 
of^QonvtirtN.  on  a  track.  It  is  provided,  on  ite  upper  side,  witii  a  moutb  or  throat 
through  which  it  can  he  charged.  The  dimensions  are  :  length  7  fee^ 
3  inches ;  diameter  6  feet,  S  inches.  The  blast  is  driven  through  iht 
charge  from  two  parallel  ^riee  of  small  tuyere  holes,  piercing  Uie 
lining,  along  either  side,  below  and  along  the  length  (d  the  veeseL 
Opposite  each  of  theae  tuyere  boles,  corresponding  holes  are  pierced 
through  the  tubes,  which  run  along  the  outside  of  the  converter,  to 
>upply  them  with  blast  These  holes  are  closed  with  wooden  plugs, 
'emovable  to  admit  an  iron  bar,  which,  being  poked  through  them 
successively  during  the  procees  of  blowing,  keeps  the  tuyeres  clear  and 
the  charge  stirred. 

A  gearing  enables  the  converter  U>  be  rotated  on  the  oar  about  its 
horizontal  axis,  and  the  tiiroat  having  been  thus  lowered,  a  charge  of 
low  grade  matte,  from  the  well  or  forehearth  of  the  cupola,  it  run  into 
it  by  means  of  a  trough.  It  is  then  rotated  back,  till  the  mouth  is 
again  vertical,  and  run  around  underneath  a  large  hood,  connected 
with  a  stack,  in  another  part  of  the  smelter  house  where  it  is  connected 
with  the  blower. 


Oradiul 
application 
ot  pTMRire. 


At  first,  a  pressure,  starting  at  H  lbs.  of  an  air  blast,  is  blown  through 
the  msse  of  metal,  when  a  violent  agitation  takes  place,  and  on  raising 
the  pressure  to  7  lbs.,  white  fumes  appear.  As  there  are  none  of  tho 
usual  flame  reactions,  the  point  at  which  to  stop  the  blast,  after  tba 
iron  has  been  removed,  and  before  the  nickel  has  also  begun  to  slag, 
in  undue  amount,  requiree  special  experience  and  judgment  The  end 
of  the  operation  is  determined  mainly,  by  a  perceptible  decrease  in  the 
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temperfttare  of  the  mass,  m  shown   hy  the  flame,  but  also  ot  the  Critoiu  for 
fngmenta  spkahed  or  blown  out  of  the  ooaverter,  aa  well  u  by  the  Ji^dfof^ioooni 
■ue  and  appearanoe  of  the  particles,  which  graduallj  become  larger  "  lexiheil. 
and  more  f rothj,  at  the  last  issaing  in  pieces  about  the  use  of  a  man's 
band.     The  duration  of  the  blowing  operation  depends  on  the  bieb  of 
the  charge,  and  the  displacement  of  the  converter  spaces  for  the  silioious 
lining  is  gradually  appropriated  hj  the  iron  in  the  charge.     Each 
charge  is,  therefore,  greater  than  the  preceding  one,  aniil  the  sixth  or 
BCTenth  charge  is  blown,  when  the  converter  is  laid  to  one  side  for  re-  Charge  of 
lining.     As  a  result  of  this,  the  continuance  of  the  blast  generally  dependent 
varies  from  20  to  80  minntes,  averaging  about  BO  minntee.  ™  "^ 

During  this  beeaemeriEing  process,  the  iroa  is  almost  entirely  objects  of 
removed,  die  sulphur  lowered  to  from  10  to  IS  percent,  and  the  ocqiper  ^ 
and  nickel  comUned  to  from  80  to  80  per  cent.  The  iron  unites  with 
the  silioious  lining,  to  form  a  very  fluid  slag  which  is  spilled  off  the  top- 
The  amount  of  nickel,  loet  by  oxidation,  is  very  trifling,  cobalt  is 
perfectly  scorified,  zinc,  arsenic  and  aatimony  are  completely  driven 
off,  while  bismuth,  silver,  gold  and  platinum  are  entirely  oonoeotrated 
in  this  matte. 

The  following  are  analyses  of  this  beesemer  matte : —  he!*™™  ** 


ill 

39-96 

40-93 

31-36 

41-18 

39-64 

48-82 

43-36 

46-71 

«8-86 

44-87 

42-75 

26-92 

Iron 

0  30 

0-40 

0  81 

0-94 

1-03 

3-94 

Sulpbut..  . . 

13-76 

11-62 

14-06 

22-60 

Gold....  i 

0-1  to 
0-8  ot 

O-Sos. 

0  76  01. 

-000076 

savor 

701 

6-1  oi. 

6-30OI. 

001776 

flatiiinm  . 

0  26  0Z. 

0-60 

-000430 

Iridium..  , . 

-000068 

Osmiam.. . . 

-000067 

Rfaodinm . . 

Truo. 

P>]L>dioni . 

0-8SOZ. 

Trace. 

Explanations. — Analysis  I,  is  by  Titus  Ulkd  and  ii 
average  analysis  c^  the  Canadian  Copper  Company's  beasemer  matte.' 
(Min.  Industry,  Vol.  III.,  1890,  p  460)  ;  II.  and  HI.,  are  by  Roberts- 
Austen,  (Min.  Proo.  Inst.  Civ.  Eng.,  Vol.  CXXXV,  p.  30);  IV.,  is 
an  analysis,  by  J.  W.  Bain,  (Ann.  Rep.  Bur.  of  Mines,  Ont.,  1900,  p. 
216) ;  v.,  is  an  analysis  by  L.  P.  Silver,  (Joar.  Can.  Min.  Inst,  Vol. 
V,  1902,  p.  634)  ;  YI.,  an  analysis  by  Dr.  T.  L.  Walker,  of  the  bease- 


ib.  Google 


of  Norway 
■nd  Sudtnir]! 

(ireniom 


BUBTET   or  CANADA 

CompBrUon  '"^^  mfttte,  from  th«  Murray  mine,  (AiDer.  Jonr.  8c,  Vol.  I.,  ith  Bft- 
ri«a,  1696,  p.  1 12  ;  also  Ann.  Rep.  Bur.  of  Mines,  Ont.,  1903,  pp.  383- 
384). 

tinder  Norway,  on  a  preceding  page,  analyses  of  similar  oonoentrat- 
ed  matte,  obtained  from  the  Norwegian  pyrrhotite,  are  also  quoted. 
These  show  the  presence  also  of  gold,  silver  and  platinum  in  appreci- 
able quantities.  Speaking;  roughly,  the  silver  is  only  from  ^  to  |  of 
that  present  in  the  .Sudbury  matte,  tha  gold  about  the  ume  as  that  in 
the  Murray  mine  matte,  which  is  only  about  J  of  that  present  in  the 
mattes  from  the  Copper  Cliff  and  Victoria  mines,  while  the  metals  of 
the  platinum  group  occur  in  about  half  the  amount  of  that  present  in 
the  Uurray  mine,  this  matte  itself  only  oontaining  less  than  half  that 
usually  preaent  in  the  roattei  produced  from  the  Copper  C>iff  and  Vic- 
toria mines. 

Prof.  Vogt,  also  gives  the  interesting  information,  that  the  propor- 
tion of  these  metals  preeent  in  the  Norwegian  ores  and  mattes,  is  one 
part  of  gold  to  20  of  silver,  one  of  platinum  to  30  of  silver,  one  of 
silver  to  5,000  of  nickel  and  one  of  platinum  to  lfiO,000  of  nickel. 

The  following  are  analyses  of  the  converter  or  bassemer  slag.  All 
oonrerter  alaga  are  returned  to  the  furnaces  for  re-smelting,  as  they 
are  so  high  in  nickel. 


Bolative  pro- 
purtioDB  of 
precious 


Ckiuwliiin 
Copper  Co'a 
nktUH  relinod 
alOatuio 
SiDRlCinr 
Works  (rom 
1900. 


Ontario 
Smelting 
Worka 


Ferrous  Iron 66-6  671  67-6 

Silica 28-5  27-9  27-6 

Nickel   1-9  1-6  li 

Copper M  08  1-2 

Sulphur OB  0-4  0-5 

T  and  II.,  are  analyses  by  Edwards,  (Bng.  k  Mln.  Jour.,  M^y  2nd, 
1896);  III.,  is  an  analysis  by  L.  P.  Silver,  (Jour.  Can.  Min.  Inst., 
Vol.  v.,  1902,  p.  549). 

From  about  the  beginning  of  November,  1900,  until  the  deetmcUon 
of  the  plant  early  in  the  spring  of  1904,  the  blast  fumaoe  matte  pro- 
duced  by  the  Canadian  Copper  Company,  was  further  refined  at  the 
Ontario  Smelting  Works,  built  and  operated  by  the  Orford  Copper 
Oompuiy,  at  Copper  ClifiE.  This  company  was  a  closely  allied  corpora- 
tion, and  both  were  consolidated  in  1902,  under  the  management  of 
the  Canadian  Copper  Company,  itself  a  subsidiary  organisation  of  the 
International  Nickel  Company. 

The  standard  matte  is  brought  from  the  Canadian  Copper  Compa- 
ny's works  on  cars,  and  pat  through  a  Blake  crusher.     It  passes  from 
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that  directlj  into  a  Krapp  ball  mill,  where  it  is  redaoed  to  n  fine  pow. 
der.  From  th«  bkll  mill,  it  rnoa  on  a  belt  conveyer,  vbich  raises  it 
to  a  storage  bin,  and  from  this  storage  bin,  it  is  conveyed  still  further, 
as  required,  on  belt  oonveyera,  to  the  feed  hoppers  of  the  roasting  fur- 
nace. 

The  matte  is  roasted  in  two  Brown,  straight-line,  automatic  rever-  DeKripti™  o( 
beratorj  caloiners,  each  with  a  hearth  area  of  140  feet  by  10  feet.  Onurio 
Later,  these  fnrnaoes  were  enlarged  to  200  feet,  and  a  thin!  one   of  f^j^^ 
similar  dimensions  was  also  built.  One  furnace  has  six  sets  of  ploughs, 
and  the  other  seven.     The  ploughs  make  one  complete  trip  in  6^  mi- 
nutes.    The  plough  carriage,  on  passing   the  aatomatio  feeder,  causes 
a  certain  amount  of  the  powdered  matte  to  fall  into  the  furnace.    Each  Capadty  of 
furnace    puts  through  45  tons  of  matte  in  24  hours,  and  reduces  c»lcinen. 
the  sulphur  from  25  to  30  per  cent  down  to  5  to  8  per  cent,  using  4^ 
cords  of  wood  per  furnace  per  day. 

The  roasted  matte  is  discharged  from  the  furnaces,  into  the  trough 
of  a  screw  conveyer,  which  takes  It  to  the  feeding  floor  of  the  blast 
furnace. 

The  furnaces  are  of  brick  usually    known  as  the  '  Orford '  furnace  DimensiQua  of 
cooled  in  the  region  of  the  tuyeres,  by    water  circulating  in  pipes,  fi,rQjce. 
embedded  in  the  brickwork.     The  furnace  measures  50  inches  by  128 
inobes  at  the  tuyeres,  of  which  thare  are  seven. 

The  blast  is  furnished  by  two  No.  9  Sturtevaat,  centrifugal  blowers.  Bi^t, 
The  furnaces  are  fed  by  hand,  the  charge  consisting  of  roasted  matte, 
fed  in  powder  form,  with  quartz  tailings  and  some  roasted  ore. 

Owing  to  the  large  amount  of  fines  in  the  charge,  great  quantities  ConDstion  of 
of  flue  dust  are  formed — 40  tons  a  week  being  a  usual  figure,  and  offug'™^™' 
often  as  high  as  80  tons  a  week  being  produced.   This  flue  dust,  assay- 
ing about  11  percent  of  copper,  and  18  per  cent  of  nickel,   is  put 
through  the  furnace  again. 

The  matte  and  slag  flow  from  the  furnace  continuously,  into  an  Description  of 
Orford  siphon-tap  forehearth.  This  consists  of  a  rectangular  box  'Orford' 
about  4  feet  long,  2  feet  6  inches  wide  and  18  inches  high,  formed  of 
oast  iron  platee  strongly  bolted  together  at  the  comers  and  lined  with 
a  6-inch  brick  wall.  It  is  divided  into  two  parts,  in  the  ratio  of  about 
2  to  3,  by  a  9-inch  division  wall,  with  a  slot  on  the  level  of  the  floor  of 
the  forehearth,  through  which  the  matte  can  flow  from  the  larger  to 
the  smaller  compartment.  The  whole  forehearth  is  supported  on 
wheels.     The  matte  and  alag  flow  from  the  furnace  into  the  larger  com-  settlement  of 
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partmmib,  the  forabeartb  fills,  the  slag,  being  lighter,  flonta,  umI  only 
the  mattn  is  able  to  Aad  ita  way  to  the  amaller  oompartmeat,  throa^ 
thu  slot  at  the  bottom  of  the  divuion  waJL 

DiMhwge  of        When  the  foraheuth  is  full,  matte  «id  aUg  are  discharged  ia  Mpante 
.1^  and  oontioaons  streaiDB,  the  former  being  received  in  cast  iron  pots. 

This  refined  product  is  shipped  to  the  Orford  Copper  Company,  Kew 
York,  for  the  B«>paration  of  oopper  and  nickel.  Two  samples  of  this 
high  grade  matte,  assayed  bj  Mr.  Donald  Locke,  oontained  as  fol- 
lows: — 

AulTM.                   Kiokel 41-68  40-37 

^^                 Cobalt 0-n  0-78 

Work,  nuttto.               Copper 24-99  24-95 

Iron 9-82  9-64 

SilTor 2-50  oz.  per  ton. 

Gold  O-IS  OS.  per  ton.     010  oz.  per  ton. 

Fiatinom 0-50  "     "          0-4*     "      " 

Ajral^Mof         Two  samples  of  the  slag  collected  at  the  same  time,  analysed  by 

SmeltinB  Mr.  Donald  Look^  gave  the  following  rosnlte  : — 

Work!  dag- 

SUica  31-03  26-62 

Perrons  oxide 64-31  66-72 

Lime 0-22  0-24 

Magnesia 0-08  009 

Nickel 3-67  2-68 

Copper 0-56  0-77 

Alumina 0-64  0-64 

Sulphur 0-49  030 

Totals 99-80        97-96 

Sbff  ia  re-  This  slag  is  taken  to  the  Canadian  Copper  Company's  works,  and 

put  through  the  blaiit  furnao^  to  recover  the  metal  oontonts,  which  are 
too  high  to  be  neglected. 

PTKtTtC  SUKLTINO. 

FTn'tic  Mr.  James  McArtburis  authority  for  the  following  statement:  (') 

r^."y '°     'Cold  blast  pyri tic  smelting  of  sulphide  ores  has  been  carried  on  in 

Canada,  off  and  on,  and  for  long  periods  at  a  time,  since  1879 ;  not  as 

(1)  Ann.  Rep.  Bur,  of  Mines  Ont.,  1903,  pp.  308  A  303. 
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on  experiment  but  u  a  prooeBs.  Tlioiisaiidg  of  tons  of  copper  sulphide 
finea  have  been  BmelCed  with  cold  blut,  and  Iftter  on  in  recent  jears  Deacriptioa 
at  Copper  Cliff  with  oold  Mid  also  with  very  moderately  hot  bUat  (the  '^  prootM. 
Utter  about  iOO°F.),  making  in  these  recent  opentiona  some  18,000 
to  30,000  tons  of  matte  prodnot.  The  coke  ooiunmption  wae  about  6 
per  cent  for  both  tempenturoa  of  the  blaat>  the  grade  of  matte  product 
being  almost  identical  With  a  blait  temperature  sufficiently  high, — 
not  less  than  1200°  F.— to  oounteract  gumming  at  tuyeres,  the  solpbnr 
contents  of  the  ore,  which  should  be  the  only  fuel  used  apart  from  a 
amall  percentage  of  the  iron,  can  be  kept  in  ignitbn,  and  with  a  higher 
pressure  of  the  blast  we  should  get  sufficiently  rapid  oxidation  action,  x„ 
even  in  a  targe  and  fast  smelting  fumaoe,  to  prodnoe  a  direct  30  per-  ^ 
cent  matte,  or  over  seven  into  one,  from  a  raw  4  per  cent  ore  as  it  comes  a 
from  the  mines,  because  if  we  can  dispense  with  all  carbonaceous 
fuel  in  first  smelting  and  can  use  the  sulphur  contents  of  cbai^  in 
its  stead,  we  stop  all  reducing  action,  and  in  lieu  thereof  introdnoe  a 
complete  oxidizing  action,  oxidizing  the  iron  and  consuming  the  sul- 
phur in  the  operation.' 

Just  to  what  extent  green  ore  will  be  employed,  in  place  of  roasted 
om,  under  the  new  conditions  which  will  obtain  at  the  new  smelter, 
which  is  about  to  be  described,  and  where  the  pressure  will  be  40  ois. 
instead  of  14  ozs.,  cannot  be  foretold,  but  it  is  expected  that  a  very 
large  amouiit  of  raw  ore  will  be  added  to  the  furoaoe  charge. 

The  drawings,  aocompanying  this  bulletin,  are  plan  and  sectional  ^^f^t  of 
elevations  of  a  1000-ton  smelter  designed  by  the  Engineering  Company  m^  to  be 
of  New  York.  ( < )  These  were  submitted  to  die  Canadiao  Copper  Com-  ^^^; 
pany,  who,  after  tbrir  approval  and  adoption,  proceeded  to  instai  this  p  „^„»i__  -i 
new  smdting  and  power  plant,  in  which  are  assembled  the  latest  and  pluu  for 
beet  improvements  and  conveniences  for  every  part  of  the  Work.  It  Ouuuluui 
is  confidently  expected  that  this  smelter  will  be  in  operation  early  in  *^P«rC3o. 
July  (1904).  (») 

In  the  erection  of  this  smelter,  there  were  several  objects  that  had  objects  to  be 
to  be  borne   in   mind,  among  them  the  cheap  handling  of   a  large  {'"^''^ '" 
tonnage  of  ore,  the  storage  during  the  winter  months  of  materials,  new  nueltei. 
such  as  coke  and  coal,  which  can  be  received  by  boat  during  summer ; 
the  elimination  of  all  needless  manual  labor,  and  the  thorough  efficiency 
of  the  power  department.     The  plant  was  designed  to  be  erected  on 
two  levels ;  the  large  amount  of  slag  produced  had  to  be  taken  into  ijigpo^tioii 
oonsideration  and  the  disposition  of  this  slag  was  an  important  factor  of  >ukg. 

(1)  The  bloclu  for  the  drawing!  reproduced  in  tliii  report  were  Idndl;  loaned  by  the 
Snffinatriiig  and  iltning  JmirmU  of  New  Tork. 
(3)  Eng.  Min.  Jonr.  VoL  LXSVI.  Deo.  Slit,  pp.  1003-lOW. 
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in  d«t«rmiiiing  tb«  site.  The  pUnt,  u  it  now  sUuids,  wu  built  along 
the  face  of  &  cli^  on  the  ooFthern  side  of  the  flat,  on  which  ibe  town 
of  Copper  Cliff  standa. 

On  the  upper  edge  of  the  cliff,  a  system  of  bins  hM  been  (xinstructod 
for  storage  purposei.  The  ■melt«r  building  proper,  is  situated  parallel 
to  these  bins,  with  the  power-house  at  the  northeastern  end.  A 
trestle  was  built  on  the  grade  Level  of  the  bottom  of  the  bins,  which 
ii  also  the  grade  level  of  the  charging  floor  ooonectiDg  the  charging 
flooor  with  the  bins  and  also  with  the  power-house,  making  a  circular 
brack,  mnning  on  both  aides  of  the  furnacee,  and  passing  the  ooal 
chute  in  front  of  the  power-house.  After  roasting,  the  ore  is  loaded 
into  50-toa  hopper- bottom  cars,  and  drawn  up  to  the  top  of  the  bins 
by  70-ton  looomotivea.  The  track  leading  to  the  trestle  is  on  an  easy 
grade  all  the  way,  and  is  also  connected  with  the  main  line,  leading 
to  the  Canadian  Pacific  railway. 

All  ore,  flux,  coke,  coal,  etc.,  is  handled  on  these  tracks,  and  dumped 
directly  into  the  bins.  Running  on  tbe  circular  track  underneath 
the  bins,  and  into  the  smelter  building,  and  past  the  power-house,  is  an 
electric  railroad,  with  side  dumping  cars  drawn  by  electric  locomotives. 
The  ore,  coke,  etc.  is  loaded  into  these  cars,  and  weighed  on  tbe  end 
of  the  trestle.  The  furnace  charge  is  dumped  direct  into  the  fnniaoea^ 
and  the  coal  into  the  pockets  next  the  power-house. 

As  shown  by  the  sectional  elevations,  the  site  consists  of  two  levels, 
with  a  diSerence  of  35  feet  in  elevation.  The  upper  level  is  the  same 
elevation  as  the  feed-floor,  and  is  occupied  by  a  double-track  pocket 
trestle,  35  z  35  X  600  feet. 

On  the  lo*er  level,  are  located  the  power-house,  156  by  102  feet; 
tbe  blast  furnace  building,  S4  by  263  feet;  the  foundation  for  the 
treeile  carrying  the  electric  tramway,  oonoeoting  the  storage  pockets 
with  the  f^ed  floor;  tbe  coal-bins  of  the  boiler  room;  the  dust-chamber, 
16  feet  wide,  18  feet  high  and  444  feet  long  ;  the  stack,  16  feet  inside 
diameter,  210  feet  high;  togBtb^-r  with  the  necessary  slag  tracks,  sunken 
tracks  for  loading  metal  for  shipment,  tracks  to  store  house,  etc 

DetaiUof  Tbe  power-honse  is  equipped  with  two  Nordberg  Manufacturing 

niwerhouK.  Company's  horizontal,  cross-compound,  condensing,  blowing  engines, 
with  "team  cylinders,  13  inches  and  24  inches  by  42  inches  and  air 
cylinders  57  inches  and  57  inches  by  42  inches.  When  operatingi 
under  usual  working  conditions,  tbeee  eaginse  will  deliver  20,000  cu. 
ft.  of  free  air  per  minute,  agaiu^t  a  pressure  of  40  ozs,,  for  use  in  the 
blast  furnaces.     One  Nordberg  Manufacturing  Company's  horizontal 
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-  cross-compound,  condeDBing,  blowing  engine,  with  steam  cylinders  15 
inches  »nd  30  inches  bj  42  inches  and  air  cylinders  40  inches  and  40 
inches  by  42  inches,  will  deliver  10,000  cubio  feet  of  free  air  per 
minute,  agaiost  a  pressure  of  15  lbs.,  for  nse  in  the  converters.  Tvo 
13  in.  and  26  in.  by  20  in.  horizontal,  compound,  condensing  engines, 
built  by  the  Bobb  Engineering  Compan/,  to  each  of  which  is  directly 
oonneoted  one  200  kw.  600-volt,  3-phase  alternating  current  generator, 
built  by  the  Canadian  General  Electric  Company,  each  generator  Electric*! 
having  its  own  exciter  of  11  kw.  capacity,  belt  driven  from  generator 
shaft.  The  electrical  energy  thus  generated,  is  used  for  hoisting  in  and 
pumping  at  the  mines,  operating  the  electric  tramway  for  charging 
cars,  turning  the  converters,  and  operating  the  travelling  crane  in  the 
furnace  building.  The  station  is  (dso  equipped  with  one  25  kw,  motor 
driven  generattir  set,  for  furnishing  direct  current  to  the  electric  loco- 
motives. A  travelling  crane  of  unple  capacity  is  installed  in  the  engine- 
room  for  handling  all  this  apparatus.  A  gravity  oiling  and  oil  filtra- 
tion system  is  installed  on  all  engines. 

In  the  boiler  room,  the  present  installation  of  boilers  consists  of  four  Description 
400-H.  P.,  150-lb.  pressure,  horizontal  water-tube  boilers,  built  by  the  Pj^^'""? '" 
Anltman  <!:  Taylor  Machinery  Company,  of  Mansfield,  Ohio,  and  space 
is  provided  for  two  more  boilers  of  the  same  size.  The  boilers  are 
equipped  with  Potter  Super-heaters  and  Tread-Kill  shaking  grates. 
The  ashes  are  removed  from  the  boiler  ash-pit  by  opening  a  grate  in 
the  bottom,  which  permits  them  to  fall  into  a  bucket  resting  on  a 
small  fiat  car,  which  runs  on  a  track  in  the  ash-tunnel  under  the 
boilers.  The  car  is  then  run  outside  of  the  building  and  a  hoist  lifts 
the  buokeb  and  dumps  the  ashes  into  an  ash-bin,  from  which  it  runs 
into  cinder  cars. 

Cool  is  brought  to  the  power  plant  by  the  electric  locomotive  train,  Movement 
above  referred  to,  and  dumped  into  bios  built  in  the  trestle  along  the  "  """ 
west  side  of  the  building.    Then  it  runs  through  coal  chutes  to  one-half 
ton  coal  cars  in  the  boiler  room,  from  which  cars  it  is  shovelled  iuto 
boiler  furnaces. 

The  only  available  water  for  boiler  use,  contains  considerable  aul-  Treatment  of 
phuric  acid  and  scale-forming  elements,  and,  to  eliminate  these,  the  ^  ^  boilnn 
water  is  subjected  to  a  chemical  treatment  and  precipitation,  in  a  water 
purifying  system,  built  by  the  Industrial  Water  Company,  of  New 
York.    In  this  way,  the  acid  is  neutralized,  and  the  scale-forming 
material  is  removed,  before  the  water  enters  the  boilers.  The  condenser 
is  of  the  elevated  barometric  shape,  built  by  the  Alberger  Condenser 
Company,  of  New  York. 
U— H— U 
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The  blast  furnace  building  oontains  two  seotiona),  rectuigukr,  wftter 

*    j&cketted,  HolthofT,  copper  blut  furnKces,  three  atsads  for  Holthoff 

oonverters ;  one  40-toa  electric  crane ;  the  neceuary  matto-eet tiers, 

clay  mills,  ailica  and  clay  storage  bins,  etc.     Room  is  provided  for 

ezpaneion. 

In  operation,  the  ore,  coke  and  flux  for  the  blast  fumaoee,  silica  and 
I  clay  for  lining  the  converters,  and  coal  for  the  boilers,  are  delivered  into 
the  top  of  the  trestle  pockets,  by  standard-gauge  oar« — Ingoldsby  drop, 
bottom  in  the  case  of  the  ore,  and  drawn  from  the  bottom  of  the  pockets 
into  trains  of  six  2-ton,  36-iii.  gauge,  side  dump,  Koppel  cars,  which  are 
baaled  to  tbe  blast  furnace,  silica  and  clay  storage  bins,  or  coal  bins,  by 
25  H.  P.  Canadian  Oeneral  Electric  Company  electric  locomotives. 

of  The  slag  and  matte  rim  from  the  blast  furnace  into  16-in.  settlers, 
the  alag  overflowing  into  30-ton  Pollock  cinder  cars,  which  are  banled 
to  the  dump  by  standard  gauge  looomotives.  The  matte  is  tapped  into 
1 0-ton  cast-steel  ladles  and  taken  to  the  converter  by  a  40-toa  Case 
Afanufscturing  Company's  eleotrio  crane.  The  saine  crane  removes  tbe 
converter  shells  for  re-lining,  and  takes  care  of  the  ctmverter  slag  and 
white  metal,  pouring  them  into  moulds  for  return  into  the  pocket  tree- 
tie,  or  for  shipment  to  the  refinery.  The  cofti  bins  at  tbe  boilers,  and 
tbe  stlicaand  clay  bins  at  the  clay  mills,  are  kept  full  by  six-oar  train- 
loada  of  material. 

The  flue  dust  is  drawn  from  the  dust  chamber  into  a  standard  gauge 
bottom-dump  gondola,  especially  fitted  for  the  service,  and  this  car  is 
hauled  to  the  top  of  the  pocket  trestle  on  the  upper  level,  and  thedust 
drawn  into  a  pocket  fitted  for  the  purpose,  whence  it  is  drawn  to  a 
briquetting  machine,  pressed  into  briquettes  and  added  to  the  chai^. 

The  electric  tramway  ooosiste  of  two  parallel  36-in.  gauge  tracks, 
running  under  two  lines  of  grates  under  the  pocket  trestle,  then  over 
suspeuaion  scales  to  opposite  sidee  of  tbe  furnaces  on  the  feed-floor 
level,  passing  over  the  top  of  the  boiler  room,  coal  bins  and  converter 
lining  house,  silica  and  clay  bins.  The  two  tracks  have  cross-over 
connectioni,  but,  under  normal  working  conditions,  each  track  carries 
a  train  entirely  independent  of  the  other. 

jf      The  blast  furnaces  are  50  in.  by  204  in.  at  the  tuyeres  ;  H  feet  9 

bUttfunuces.  jQches  from  centre  of  tuyeres  to  the  feed-fioor,  and  have,  on  each  side 
four  lower  jackets,  each  SI  in.  wide  and  8  feet  6  inches  high,  and  -two 
upper  jackets,  6  feet  6  inches  wide  and  6  feet  high.  Each  lower  side- 
jacket  carries  four  6  in.  tuyeres.  Both  ends  of  the  fnmnce  are  made 
alike,  so  that  either  end  can  be  used  for  removing  matte  and  slag. 
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There  ia  no  brick  work  under  the  deck  beams.     The  ooDvertera  ara  84  Sim  of 
in.  by  126  in.,  and  are  tilted  by  a  train  of  gears  and  a  worm,  driven  °™""«"- 
by  the  electric  motor. 

The  water  for  the  plant  is  supplied  by  a  t6-in.  pipe,  running  from  a  Watormpplr 
dam,  situated  about  5,000  feet  from  the  plant  itself.  The  water  ia 
ran  by  gravity  into  the  jackets  and  when  drawn  out,  is  pumped  intoa 
tank  above  the  amelting  plant,  for  fire  parpoaea,  or  into  the  reservoir, 
which  is  near  the  foot  of  the  plant,  and  the  hot  water  is  alao  used  in 
the  boilers  in  order  to  economize  at  that  point. 

The  Mood  Nickel  Company  refine  the  ore  from  their  own  deposits  Looatioo  of 
«t  Victoria  Mines,  a  station  on  the  ■  Sault  branch  '  of  the  Canadian  ^^^  q^', 
Pteific  railway,  22  miles  west  of  Sudbnry.     Their  smelter,    before  inieltoT. 
the  erection  of  the  new  one,  now  about  completed,  at  Copper  Cliff, 
was  the  moet  modern  and  beet  equipped  in  the  district.     It  not  only 
produces   standard   or  bloat  furnace    matte,  but   further   bessamer-  Modern 
izes  this  into  a  concentrated  matte,  containing  about  80  per  cent  of 
nickel  and  copper,    these  two  metals  being  present  in  about  equal 
amounts,  18  per  cent  of  sulphur,  about  0-76  per  cent  of  iron,  and  OSfi  per  ATeram 
cent  of  silica.  This  is  sent  to  England,  to  be  treated  there,  by  the  Mond  of  baaeiner 
process,  for  oopper  and  nickel.     Difficulties,   in  connection  with  the  "^ 
(^ration  of  their  refining  atClydach,  Wales,  have,  for  tho  time  being,  J^wtl^'^** 
caused  a  soapension  in  their  mining  and  metallurgical  operations  in  reRning. 
the  Sudbnry   District,  while  their  smelter  has  been  operated  by  theiiewaof 
Canadian  Copper  Company  under  a  six  month's  lease,  which  expires  gmelter  to 
about  August  lat  next  (190*).     It  is  authoratively  stated,  however,  ^^[^q, 
that  these  difficulties  have  now  been  successfully  overcome^  and  that 
their  refinery,  greatly  enlarged  and  with  all  the  necessary  changes,  is 
ready  to  go  to  work.     It  is  confidently  expected  that  immediately  on  Expectation, 
the  expiry  of  the  Canadian  Copper  Company's  lease,  the  smelter  will  ^/'J^^i^f^ 
again  resume  operations,  under  the  former  management,  on  even  a  larger  operatione.     - 
scale  than  before.  The  North  Star  mine,  on  the  Manitoulin  and  North  Mining  at 
Shore   railway,    is,  at  present,  beii^  developed  under  option  by  this  ^"^ 
company,  under  the  direction  of  Mr.  C.  V.  Corless,  and  the  ore  secured 
is  shipped  to  Victoria  Mines  for  treatment. 

The  roasting  of  the  ore  is  carried  on  as  at  the  Canadian  Copper  [{,^^  ^^ 
Company's  works,  The  roasted  ore  is  brought  to  the  smelter,  by  means  oarried  by 
of  an  aerial  teamway,  from  Hm  roast  yard?,  which  are  about  one  mile  tramway. 
distant. 

The  smelter  ia  erected  on  a  sloping  hillside,  and  has  three  levelsi  I-ocation  and 
those  of  the  feed  floor,  the  furnace  floor  and  the  converter  floor.    The  awchptioD 
roasted  ore  ia  brought  into  the  smelter  to  a  platform,  above  the  third     ■°^'^"- 
14_H— 14i 
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level,  where  the  tnba  &re  received  hj  a  bo;,  ftfter  luving  been  anto- 

maticall;  anbitched  from  the  haulage  rope.     The  boy  ram  the  tubs 

to  the  bine,  tips  them  and  hitches  them,  again  empty,  to  the  outgoing 

rope.     The  ore  bins  are  situated  above  and  behind  the  feed  floors,  ao 

that  the  roast«d  ore  can  easily  be  discharged,  through  chutes,  into  the 

dump  oars  on  the  feed  floor. 

No  uMji  Assays  of  the  roasted  ore  are  not  made,  owing  to  the  difficulty  of 

ore  madv.        selecting  samples,  and  without  careful  eampling  widely  different  results 

are  sure  to  be  obtained.     For  the  purpose  of  deciding  the  proper 

pmporlioaa  of  ore,  to  be  included  in  the  fumooe  charges,  one-tenth  is 

added  to  the  assays  of  the  raw  ore.     The  averages  of  the  daily  assays 

A'™B»         of  raw  ore  for  July  and  September,  1902,  made  by  Mr.  T.  M.  Paris, 

oopper  con-      chomiat  to  the  Mond  Nickel  Company,  are  given  under  I  and  II  res- 

^m  Victoria  poctively,   while,  under  IIP,  is  given  an  average  of  several  months 

mine.  assays. 

I.  II.  III. 

Nickel 2.67  3.21  3.05 

Copper 2.81  2.41  3.05 

Insoluble 17.20         13.90         17.01 

Dewniption  The  Ore  is  smelted  in  rectangular,  steel,  water- jacketed  furnases,  12 

lioiunf  Uut  ft><  high,   42  in.   by   120  in.  at  the  tuyeres,  and  increauug  slightly 

funuce.  towards  the  top.  The  two  furnaces  (only  one  mns  at  a  time)  have  each 

16  tuyeres,  8  on  each  side,  a  cast  iron  waUr  cooled  tap  jacket  and  Hixon 

slag  spout.     This  consists  of  a  ooil  of  1  in.  piping,  cast  around  with 

cast  iron  ao  as  to  form  a  channel  some  four  feet  long,  through  which 

the  matte  and  slag  flow  continuously  into  the  forehearth.  The  spout  is 

fully  described  in  Hixon's  '  Lead  and  Coppar  Smelting,'  pp.  28-30. 

Character  of    One  furnaoe  puts  through  about  170  tons  a  day,  made  up  {for  example) 

fumiice  u  follows  : — 120  charges  each  containing  i — 

'*"'^'  A.  B. 

Flue  dust 200  lbs. 

Tailings 200     "  250  lbs. 

Converter  ahig 500     "  500     " 

North  SUr  ore 300     "  250     " 

Roasted  ore 1,600     "  1,800     " 

Coke 300     "  300     " 

Tnilion  from       The  tailings  are  practically  pure  quartz,  with  a  small  percentage  of 
Bmce^ine..    ^^^^  f^^  ^^^  g^^  Mi„^ 

Uw  of  North        -^^^  North  Star  ore  (obtained  from  the  North  Star  mine)  is  not 
Star  ore.         roasted,  and  the  quantity  used  is  varied  aoeording  to  the  amotint  o( 
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solptinr  in  the  roasted  ore.    The  charges  ore  damped  directly  from  the 
dump-cars  into  the  furnace,   through  the  open  top,  alternate  charges 
being  fed  to  the  bides,  hj  means  of  a  simple  device,  conusting  of  a  Simple  devioe 
wrought  iron  pips,  about  8  in.  in  diameter,  through  the  length  of  the  funiMe. 
furnace  opening,  and  let  down  about  three  feet  into  the  furnace.    On 
this  the  charge  falls  and  is  deflected  towards  the  aidee.      The  blast  Uw  of  blast. 
for  each  furnace  is  furnished  b;  a  No.  6  Qreen  blower.     The  fore- 
hearth  is  of  boiler  iron,     10     feet  in  diameter,    with  6  in.    lining  DeKription 
of  fire  clay   and   quartz.     In   this,    the    matte    and  the   slag    *i*T®forehe»rth 
every  opportunity  for  a  complete  separation,  and,  owing  to  its  large 
eize,  the  converter  foreman  can  always  be  assured  of  having  sufficient 
matte  ready  for  him,  when  he  requires  it.     When  the  hearth  fills,  the 
slag  spout  is  at  first  kept  stopped  up,  so  that  the  bath  rises  right  to 
the  top  of  the  hearth,  and  a  stiff  slag  crust  forms,  which  is  covered 
with  a  layer  of  non-cond  acting  coke.     This  forma  the  hearth  cover,  apd  diaposi- 
Af  ter  the  formation  of  the  cover,  the  slag  spout  is  opened  and  the  slag  J^°^  mat^ 
overflows,  and  is  granulated  by  falling  into  a  powerful  stream  of  water, 
and  is  carried  to  the  slag  dump  by  means  of  a  large  cast  iron  pipe. 

Under  I,  is  given  the  average  of  the  blast  furnace  slag  assays  for  Avera^te 
September,  1902;  II,  is  the  average  for  several  months  in  the  same  ^tente  of 
year,  by  Mr.  T.  M.  Paris,  of  the  Mond  Nickel  Company,  while,  under  blast  umao, 
III,  IV  and  V,  are  similar  assays,  by  Mr.  Donald  Lockeof  this  Depart- 
ment. 

I.  II.        III.        IV.         V. 

Nickel 0-30       0-34       0-31       0-26       0-28 

Copper. 036      035      033      028      0-29 

Silica 3120     31-31     3060     3200     3070 

The  matte  is  tapped,  periodically  through  the  water-cooled  tap-hole,  Removal  and 
flowing  through  sheet  iron  channels,  lined  with  clay,  into  the  converters,  ^)!^S^ioii 
■which  are  situated  on  the  lowest  level  of  the  smelter.    About  20  to  of  matte. 
25  tons  of  matte  are  produced  per  day,  by  one  furnace. 

Under  I,  is  given  the  average  of  the  metal  contents  of  this  blast 

furnace  or  standard  matte  for  September,  1902.  Under  II,  the  average 

for  several  months,  in  the  same  year,  by  Mr.  T.  M.  Paris,  while  III,  Average 

I V  and  V,  are  assays,  by  Mr.  Donald  Locke,  of  this  Department         nioitei  and 
'  '   '     ■'  "^  copper 

I.  II.  III.  IV.  V.  STfu^nl. 

Nickel 16-20     16-53     13-80     15  00     15-50  matt*. 

Copper 13-U     16-22     1210     1180     1200 

la  the  converter  department,  are  6  Leghorn  converters,  only  one  of 

which  is  in  use  at  a  time,  the  others  being  repaired,  lined   or  dried. 
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Equipment      'Hie  lining  oonaiatB  of  a  mutnre  of  qnartz  snd  clay,  the  quartz  being' 
deputmeDt.    crushed  and  then  ground  in  »  Chilian  mill,  where  it  is  also  mixed  with 

the  clay  and  moistened. 

In  lining  a  converter,  the  bottom  is  first  put  in  and  tamped  firm ;  & 

tapering  iron  tub  is  then  placed  in  the  converter,  aad  round  this  tbe 
Metbodof  lining  la  firmly  tamped.  When  the  lining  is  completed  to  the  top  of 
oDDverton.      ^^^  ^^^>  ^^^  tujerc  holes  are  punched,  the  tub  lifted  out,  and  the  top 

of  the  converter  put  oo.  This  ia  then  lined,  and  the  converter  moved 
Preparing  a  to  where  a  blast  pipe  can  be  connected.  A  wood  fire  is  lighted  and 
tor  work.        *^^  blast  turned  on.  The  fire  is  kept  up  until  the  converter  is  wanted. 

The  oonverters  are  moved,  from  place  to  place,  by  meaos  of  a  travelling 

elec^c  crane,  commanding  the  whole  floor  of  the  converter  department. 

Average  The  first  charge  of  a  newly  lined  converter  is  only  about  1  ton,  but 

^^^  OB  the  lining  is  eaten  away,  the  size  of  the  charge  increases,  the  aver- 

Uteand  age  charge  being  about  2  tons.     A  lining  lasts  from  11    to  12  hours, 

^^1^  ab^ut  6  charges  beingblown  in  this  time.     A  blaatof  10  lbs.  pressure 

is  employed. 

DUpoaitioD  During  the  blowing  of  a   charge,   the  slag  is  twice  poured  off  inttt 

mMte.  b'^8  f^  ^7  dipping  the   converter,  the  blast  being  turned  off  during 

the  pouring.    The  finished  matte  is  poured  into  a  clay-lined  bucket, 

which  is  carried  by  the  electric  crane,  and  the  matte  tapped  from  it 

into  fiat,  cast  iron  moulds. 

AnalyuBof  The  following  is  an  analysis  of  a  clean  converter  sis g,  by  Ur.  Donald 

Locke,  of  this  Department. 

Silica 33-40 

Ferrous  oxide 46-60 

Lime 0-93 

Magnesia. 0-08 

Nickel 0-55 

Copper 0-4C 

Alumina 4-60 

Sulphur 117 

.  The  total  amount  of  copper  and  nickel  skimmed  off,  or  poured  from 

metelbc  the  matte  during  the  converting,  ia,  of  course,  much  larger  than  this, 

bewieiner'slBff.  "  *^^  '^''  'kimming  contains  much  pasty,  half  fused  substance,  con- 
taining matte,  and  being  higher  in  nickel  than  tbe  clean  slag.  The 
average,  therefore,  of  the  converter  slag  would  be  considerably  higher 
in  nickel,  averaging  about  1-5  per  oent  of  ooi:^>er  and  f rom  1*5  to  2  per 
cent  of  nickel. 
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The  beasemer  or  converter  matte  contains  as  foUowe,  acoording  to  Anklym  d 
two  analyaes,  by  Mr,  Donald  Locke,  of  this  Department :  ^^'Jff^™ 

Nickel 41-88  41-23 

Cobalt 033  062 

Copper 37-37  3783 

Iron   107  077 

Gold ^  of  an  oz.  to  a  ton  of  2,000  Ibe. 

Silver 4-87  oz.  "  " 

Platinum 0-40  oz.  '■  " 

The  slag  ia  broken  as  soon  as  it   sets,  loaded  into  small  cm-s,  and  Slw  rahmed 
raised  to  the  feed  floor,  to  'be  put  through  the  bla^t  furnace  on  an  f^,^^^ 
inclined  elevator,  on  the  west  side  of  the  smelter. 

The  matte,  vhen  cold,  is  crushed  in  a  Blake  crusher,  and  packed  in  Removal  uid 
barrels,  to  be  sent  to  England,  for  further  treatment.  QutM.^" 

A  railway  track  passes  the  lowest  level  of  the  smelter,  to  take  away  Location 
finished    products,    etc.,  and   a  track  enters  the  upper  level,  to  bring  °'  r«ilwBj».     . 
ooke,  raw  ore,  quartz,  etc. 

The  engine  honse^  situated  to  the  west  of  the  smeiter,  contains  the  Equipment 
Biedler  blowing  engine  for  the  converter,  the  blowers  for  the  blast  ho^^"" 
furnaces,  a  pump  to  furnish  the  hydraulic  power  for  turning  the  con- 
verters, two  dynamos^one  working  by  day  and  one  by  night — which 
supply  light  and  power  for  the  crane,  for  the  two  crushers — one  for 
matte,  the  other  for  the  quartz  for  the  converters — for  the  Chilian 
mill,  and  for  the  aerial  tramway.  Power  is  furnished  by  5  horizontal 
tubular  boilers. 

RBPININQ   OF  NICXBU 

The  subject  of  nickel  baa  not,  until  quite  recently,  received  from  NeBiootof 
truly  scientific  men,  that  proper  share  of  attention  and  inquiry  which  I^j^^'Je'„j-_ 
the    known,  desirable,  physical   properties  of   the  metal  demanded, 
these  giving  ample  promise  of  its  possible,  wide,  industrial  application. 
Several    reasons   might  be  assigned,  for  this  apparently  unwarranted 
apathy  in  regard  to  such  a  hopeful  field  of  inquiry,  but,  doubtless,  the 
most  important  influence,  related  directly  to  the  apparently  limited 
distribution  and  supply  of  ores  containing  this  metal,  and  the  great, 
and  for  a  long  time,  insuperable  difficulties,  encountered  in  all  attempts 
at  refining  the  ores,  so  as  to  obtain  an  absolutely  pure  and  uniform 
product.     From   1840  to  1860,  the  production  of  nickel  was  lees  than  Early  prodno- 
200  tons  annually,  derived  principally  from  the  mines  of  Saxony  and  *'""  "'  "'"'^ 
Hungary,  with  much  smaller  quantities  from  Sweden  and  Norway. 
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Betweeu  ibe  Uii«i-  d&te,  and  thsjrMr  1876,  the  greatest  proportion  of 
the  world's  anpplj  of  niokel  wu  obtained  from  t^  mines  of  Norway 
and  Sweden,  with  much  ampler  quantities  fnm  Saxony,  Hungary  and 
the  United  State*.  Careful  examination  of  the  occurrence  of  these  nic- 
kel depofiibi,in  the  countries  mentioned,  indicated  their  probable  exhaus- 
tion at  no  distant  date,  especially,  if  called  upon  to  maintain  a  large  and 
steady  output  The  prospecting  undertaken,  resulted  in  no  new  dis- 
coveries of  a  startling  nature,  and  everything  pointed  to  a  oomparatively 
limited  supply  and  demand.  Thiti  state  of  a&ira  continued  until 
abont  the  year  1882,  when  the  ores  from  the  New  Caledonia  mines  began 
to  flood  the  market.  A  penod  of  over  production  followed,  with  its 
accompanying  losses  and  uncertainties.  The  discovery  of  the  Sudbary 
ores,  in  1883,  proved  a  at  ilHurther  disturbing  feature,  although,  at  the 
same  time,  it  prompted  and  stimulated  that  scientific  inquiry,  which 
had  been  bo  long  delayed,  resulting  in  the  discovery  of  Beveral  pro- 
cesses, some  of  which,  although  far  from  realizing  expectations  in 
regard  to  simplicity,  economy  and  ease  of  manipulation,  have  pro- 
duced metallic  nickel,  on  a  commercial  basis,  which  contains  as  high 
as  99-70  to  99-82  per  cent  of  fine  nickel,  the  impurities  being  chiefly 
very  small  quantities  of  carbon,  iron  and  sulphar. 

Another  influence,  which  has  contributed,  in  no  small  measniv,  to 
rotard  the  progress  of  nickel  metallurgy,  and,  no  doubt,  prevented  the 
wide  industrial  employment  of  nickel,  is  the  secrecy  which  baa  always 
been  maintained  by  most  companies,  who  have  been  or  are  enga^d  io 
the  mining  and  smelting  of  nickel.  This  indifference,  and,  at  times, 
positive  unwillingness,  to  impart  information,  which  would  be  of  value 
or  profit  to  the  general  public,  has  probably  received  no  greater 
emphasis  than  in  the  cai^e  of  nickel.  Various  excuses,  more  or  less 
urgent  or  reasonable,  are  furnished  by  those  in  control,  to  account  for 
their  action  in  this  respect,  but  gradually,  this  barrier  of  silence  is 
being  withdrawn,  and,  in  the  ca^e  of  the  Sudbury  District,  the  managers 
of  the  two  principal  companies,  have  lately  shown  a  commendable 
desire,  to  give  all  reasonable  details  in  regard  to  the  mining  and 
smelling  operations  cnrrried  on  in  Canada. 

This  universal  secrecy  has,  in  the  past,  not  only  been  maintained 
with  regard  to  the  exact  location,  extent  and  production  of  the  indi* 
vidual  mines  themselves,  but  was  especially  extended  to  embrace  the 
metallurgical  treatment  of  the  ores,  even  in  the  preliminary  stages  of 
roasting,  matting  and  bessemeriziog,  while  many  of  the  small  details, 
on  which  most  of  the  success  of  the  later  refining  methods  depend,  are 
still  jealously  repressed,  or  made  known  in  such  vague  terms  as  to  be 
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pntctioall;  volaelesG.     All  of  our  text  boobi  aewn  in  eTmyath;  with  Text  bookis 
this  lack  of  desire  to  imp&rt  information,  aod,  in  moat  of  these,  refer-  py^  adequate 
ence  to  the  subject  of  nickel,  or  Etocnr&te  &nd  detailed  knowledge  in  "nfOTni**'""- 
regard  to  thia  metal,  is  oonspicuODs  hy  its  abeeace.     This  secreoy  was.  Possible 
no  donbt,  in  the  firet  place,  prompted  hy  the  deaire  of  deterring  others  ^!^^  °' 
from  engaging  either  in  the  mining  or  refining  of  nickel,  and  if  bo,  it 
has  Dtterly  failed  in  its  purpose.     It  has  permitted,  and  even  greatly 
favored  the  spreading  of  the  wildest  and  most  eraggerated  statements 
in  regard  to  the  enormous  profits  accruing  to  all  engaged  in  this 
business. 

The  public,  and  especially  those  who  are  interested  in  mining,  are  aeoreoy 
being  constantly  apprised  of  the  location  of  nickel  deposits,  which  not  o^'^ij^j^ 
only  surpass  all  others  in  point  of  magnitude,   but  also  in  their  pecu- 
liar adaptability  for  refining  purposes.    Further  investigation,  by  com- 
petent individuals,  (when  such  are  available,  or  happily  chosen),  usually 
discloses  some  well  known  piospect  or  abandoned  mine.     On  the  other 
hand,  men  whoare  possessed  of  ample  means,  and  are  willing  to  devote 
a  considerable  portion  to  the  promotion  of  some  legitimate  mining  or 
smelting  proposition,  are  often  approached  by  so-called  experts,  with  a  Proventa 
supposed  new  and  secret  process,  but  which  ia  already  welt  known  to  a  it^itiniBte 
certain  few,  favoured  individuals,  who  have  already  expended  lai^e  aumsi  ^'^'^iggg^ 
only  to  find  that  it  is  not  a  commercial  possibility.     Very  few  people 
have  the  necessary  knowledge,  or  any  means  of  verifying  or  refuting  the 
^statements  of  these  interested  individuals,  and  are  thus  often  prompted 
to  unusual  and  unwise  expenditures,  while,  on  the  other  hand,  their  ill 
success  in  these  particulars  prevents  them  from  investing  in  some  goodi 
wholesome  mining  and  metallurgical  enterprise,  when  occasion  offers, 
which,  if  full  details  were  available  and  offered,  would  not  be  the  case. 
Fling  wide  the  gates  of  knowledge ;  break  down  the  barriers  of  silence  ;  Kxchange  of 
and  it  is  confidently  predicted  chat  the  resulting  free  and  wide  exchange  expeHenceof 
of  opinions  and  experience,    will  be  of  incalculable,  benefit  not  only  f^^  widest 
to  the  smelters  and  refiners,  who  are  engaged  in  the  nickel  industry, 
but  will  prompt,  encourage  and  direct  the  inquiring  students  and  in- 
vestigators of  nickel,  with  profit  to  the  whole  of  mankind, 

Numerous  processes,  for  the  refining  of  nickel,  have  been  suggested  NumerouH 
and  published,  and,  in  many  cases,  elaborate  experiments  have  been  ^!^^^^ 
conducted,  with  varying  degrees  of  success,  to  determine  definitely  their  nickel. 
economic  practicability.  These  could  not  be  adequately  or  even  satis- 
factorily discussed  or  explained,  within  the  scope  of  the  present  report.  Scope  of 
even  if  all  the  necessary  details  were  available  for  publication,  but  too^KmitSffor 
it  may  be  well  to  refer,  in  general  terms,  to  a  few  of  thoee,  which  are  d' 
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flitber,  ftt  present,  prodnoing  nickel  on  a  oommercial  baas,  or  seem  to 

give  promiBO  of  doing  so  in  tbe  near  future. 

'  Wet '  and  All  of  these  methods  are  baaed  on  certaio  welt  known  and  long  esta- 

otHMembn-    blished  principles,  which  have,  in  some  instanceB,  been  worked  out  in 

oe  goyernbK    more  or  less  detail,  and  which  are  embraced  under  the  general  deecrip- 

all  nwthocU.     tion  of    the    so  called  'wet'  and   'dry'  processes.      Certain    minor 

changes  and  additions,  chieflj  in  details,  have  made  the  latest  refining 

of  nickel  much  more  readilj  and  economicallj  possible.     Even  with 

the  present  improvements,  both  are  open  to  very  serioaa  and  gravft 

objections,  as  their  adoption,  in  th^  first  place,  necessitates  a  very  large 

and  expensive  plant,  which  is  liable  to  frequent  renewal  and  change, 

while  the  many  complicated  operations,  which  are  still  far  from  being 

ReaotioD  not   ^^^^7  Understood,  and  the  reactions  appreciated,  must  entail  a  loss  which 

'v'^^'PP^^      is  far  from  negligible.     At  the  same  time,  however,  the  final  product 

has,  of  late  years,  been  all  that  could  be  desired  from  a  commercial 

point  of  view.    The  'wet'  process,  espeoially,  which  imitates,  although 

on  a  Krge  scale,  the  operations  carried  on  in  the  chemical  laboratory 

for  the  analysis  of  nickel,  needs  a  very  large  and  expensive  plant,  if 

WetpTocem     any  extensive  output  is  contemplated.    This  must  occupy  a  considera- 

binni"!^«       ble  area  of  ground,  while  a  very  long  time  must  necessarily  elapse,  be- 

for  plant.         fore  the  ore  is  sufficiently  refined,  to  permit  of  its  being  placed  upon 

the  market.     In  the  case  of  the  Gap  mine,  it  has  been  stated  that  a 

year  socuetimes  passed  from  the  time  the  ore  was  taken  from  the  mine, 

before  the  product  was  in  marketable  shape. 

oCambinatioD      ^e  present  methods  of  treatment  make  use  of  some  of  the  more 

'  drv'^uro-™*    T*l>»aWe  features  of  boih  the  '  wet '  and  the    '  dry  '    processes,  calling 

cneva  in  use     in  tiio  assistance  of  electrolysis  in  the  final  stages,  and  thus  obtaining 

the  metal  in  very  pure  form.     In  the  treatment  of  the  concentrated 

nickel-copper  matte  for  the  nickel-ooppei-  alloys,  usually  referred  to 

Manufacture    in^der  the  general  name  of  German  silver,  this  bessemerlted  matte  is 

ofgpnnan        first  crushed  to  powder  and  roasted  in  a  reverbe  rata  ry  furnace  to  remove 

all  the  sulphur,  and  the  oxides  are  reduced  directly  to  the  alloy,  either 

by  smelting  with  charcoal  or  by  reducing  gases. 

Knumuation       ^°  ^^  treatment  of  the  concentrated  nickel-copper  matte  for  nickel 

of  priDciiol      matte,  nickel  oxide  and  metallic  nickel,  the  most  important  methods, 

for  the  separation  of  the  nickel  and  copper,  are  the  Orford  or  Americaa 

process,  the  Mond  process  and  some  electrolytic  processes. 

Location  of  Nearly  the  whole  of  the  matte,  produced  by  the  Canadian  Copper 

cJi'.  refine^'  Co.,  is  refined  by  the  Orford  Copper  Co.,  at  their  works,  at  Constable 

Hook,  N.  3.,  opposite  Brighton,  Staten  Island,  by  what  is  known  as 

the  alkaline  sulphide  process.     There  is  considerable  dispute  as  to  the 
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origin  of  this  prooess,  some  hdding  the  diecoTer;  to  be  of  recent  date, 

vbile  otbere  contend  that  the  principle,  upon  which  it  is  based,  has  not 

only  long  been  known,  but  has  bean  in  successful  operation  for  many  Jwir*"''  ?^ 

years.    Ur.  Robert  U.  Thompson,  in  an  account  of  tbedisooTeTy  of  this  phide  prooeu 

process,  as  far  as  the  Orford  Copper  Co.  is  concerned,  says  that  it  was    *'  '■^"""P*""- 

the  result  of  an  accident,  following  a  long  series  of  ausatisfaotory 

experiments,  to  discover  some  process,  which  would  successfully  and 

economically  treat  certain  mattes,  which  hod  been  sold  to  the  United 

States  Oovernment,  by  the  Canadian  Copper  Co.  In  visiting  the  works 

one  day,  he  noticed  some  pots  of  matte,  which  were  cooling  in  front  of 

the  fnmace,  and  which  presented  a  somewhat  unusual  appearance.  On 

calling  attention  to  this  fact,  and  failing  to  get  satisfactory  explanations 

from  either  the  superintendent  or  foreman,  he  proceeded  to  investigate, 

the  result  being  the  discovery  of  the  governing  principle  which  effected 

the  separation,  and  caused  the  yellow  '  bottoms  '    and  black  '  tops.' 

After  a  long  series  of  experimenta,  on  a  large  scale,  the  process  at 

present  in  operation,  was  gradually  worked  out    Mr.  J.  W.  Bain,    ' )  in  Eeported 

his  '  Sketch  of  the  Nickel  Industry,'  draws  attention  to  the  fact,  that  of  ^ikalme 

in  certain  deecriptions  accompanying  applications  for  English  patente,  ^^^^ 

dating  as  far  back  as  September  5tb,  1839,  undoubted  reference  is  made 

to  this  principle.      Moreover  in  a  letter  published  in  the  Engineering 

and  Mining  Journal,  in  August,  1893,  an  ex-employee  of  the  Yivian 

Company,  at  Swansea,  states  that  the  method  had  been  employed  for 

a  number  of  years  at  that  company's  works.     At  any  rate,  the  appli- 

catioQ  of  the  alkaline  sulphide  process,  as  a  definite  scheme,  for  the  Prooen  would 

Separation  of   nickel  and  copper,  was  in  a  fair  way  of  being  lost  to  be«/loat  if 

metallurgy,  or,  at  least,  to  be  employed  in  a  very  restricted  manner,  if  uH'qj^"^ 

the  Orford  people  had  not,  so  to  speak,  re-discovered  the  principle  upon 

which  it  is  baaed.     Great  credit  is  also  due  to  this  company,  for  the 

thorough  manner  in  which  they  have  worked  out  the  details,  and  made 

it  a  distinct  economic  success. 

In  the  Orford  nickel  process,  the  concentrated  or  bessemer  matte  is  .    . 

smelted  in  a  small  blast  furnace,  with  salt  cake  or  crude  sodium  sulphate,  of  Orford  or 
a  chemical  which  can  be  obtained  readily  and  cheaply.     The  sodium  ^^^^"' 
sulphate  is  reduced  to  sulphide,  which  forms,  with  the  copper  and  iron 
sulphides,  a  very  fluid  matte,  of  lower  specifie  gravity  than  the  nickel 
sulphide.     On  cooling,    '  tops '  and  '  bottoms '    are  easily  separated  ; 
in  the   '  tops '  being  the  bulk  of  the  iron  and  copper  as  sulphides,  Formation 
together  with  sodium  sulphide  ;  while  the    '  bottoms  '  contain  most  of  ^f  -tom'  and 
the  nickel,  with  small  quantities  of  iron  and  copper.     On  exposure  to  '  botuma.' 

(1)  Ann.  Rep.  Bur.  of  Min«s,  Ont.,  1900,  p.  22a 
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the  weather,  the  «oda  in  the  tops  is  gradually  converted  into  the 
caustic  condition.  Theae  tops  are  now  mixed  with  fresh  matte  and 
re-a  melted,  whereby  the  caostio  soda  is  converted  into  sulphide  of  soda 
at  the  expense  of  the  nickel  in  the  bottom,  producing  again  a  fluid 
mixture  of  iron,  copper  and  sodium  sulphides  while  the  nickel,  in  a 
semi- metallic  state,  sinks  to  the  botton  once  more.  By  properly  balan- 
cing these  operations,  a  pure  snlphide  of  nickel  is  at  last  obtained, 
which  is  simply  calcined,  with  a  little  sodium  nitrate  to  the  nickel  oxide 

I^uotkiD  of  of  commerce.    The  oxide  is  either  mixed  with  flour,  molassee,  etc, 
nickel  oxide  .11 

ud  mutallic    and  pressed  into  cubes,  or  with  charcoal,  and  reduced  to  metallic  nickel 
""'  *  "  in  cube  or  powdered  form.     This  product  is  not  strictly  a  homogenous 

metal,  but  a  loose  sponge  of  metallic  particles,  which  retun  all  the  im- 
purities contained  in  the  oxide,  with  theoddition  of  from  0.5  to  2  per 
c^Rt  of  carbon.    To  produce  the  solid  meta),  the  oxide  is  melted  direct 
with  charcoal  and  a  small  quantity  of  Sux,  and  cast  into  ingots. 
UlkS'B  On  the  following  page  a  diagramatic  scheme,  that  accompanied  a 

o(  American     psper  by  Titus  ITlk^  (' ),   is  reproduced,  which  illuatrates  fully  and 
^^5l^         briefly  the  various  operations  necessary  in  the  Orford  process: 

The  Mond  or  carbon-monoxide  process  {^),  is  based  on  the  fact,  that  if 
finely  divided  nickel,  is  exposed   to  a  current  of  carbonic  oxide,  at  a 
temperature  below  150°  C,  a  nickel  carboayl  is  formed,  with  the  formula 
Discover?  ui(t  N'i  (Co)^,  which  is  volatile  at  a  temperature  above  1^°C,  and  which  is 
of  MmT""'    decomposed  ata  temperature  of  180°  C,  intometallic  nickel  and  carbonic 
proccu.  oxide.     Iron  forms  a  similar  caibonyl,  but  no  other  metal  has  been 

found  to  do  so.     In  the  procest,  there  were  many  technical  difficulties 
to  overcome,  and  it  was  not  until  1898,  that  it  wai  brought  to  that 
stage  of  development,  that  demonstrated  its  practical  importance. 
Description  The  bessemenzed  Victoria  Uines  matte  is  first  dead  roasted,  and  for 

pro^"  this  purpose,  any  suitable  furnace  may  be  employed.     After  roasting, 

the  matte  averages  about  35  per  cent  of  nickel,  43  per  cent  of  copper 
and  about  2  per  cent  of  iron.     It  is  than  treated  with  dilute  aulphnric 
acid,  for  the  extraction  of  part  oF  the  copper,  (about  66  per  cent)  and 
ForiuBtion  of   not  above  2  per  cent  of  the  nickel.     This  copper  is  sold  as  crystallized 
copper**  °*      sulphate  of  copper.     The  residue,    after   drying,  from  this  operalion, 
assays  from    46    to  60   per  cent  of    nickel,    (averaging  about  51  per 
cent)  and  21  per  cent  of  copper.     The  third  operation,  has  for  its 
object,    the   reduction  of   the    nickel  and,   incidentally,    the   remain- 
Use  of  towers.  ^"S  copper,  to  the  metallic  state,  without  including  the  iron.     For  this 

0)  Eng.  and  Min.  Jour,,  Vol,  LXIV.,  (July  3),  IfW,  pp.  8  B. 

(2)  Roberts- Austen  'Nickel  Extraction  by  the   Mond  Process.'  _A  paper  read 
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pnrpOM,  it  is  treated  in  ■  tower  7.5m.  high,  and  cootainiDg  14  hollow 
ahelves,  vhioh  are  heated  with  water  gas,  to  not  more  than  300°C,  and 
preferably  250",  when  much  iron  ia  preeeat.  The  ore  is  moved,  from 
shelf  to  ahelf,  by  means  of  rakes,  operated  by  a  vertical  axle.  The 
lowest  shelves  are  cooled.  The  reduced  charge  is  transferred  to 
another  similar  tower,  where  voltatUisation  takes  place,  in  which  part  of 
the  aiokel  ia  taken  away  by  carbon  monoxide,  and  forms  the  oomponod 
nickel  carbonyl,  bnt  the  temperature  must  not  exceed  100°O.  The 
remainder,  from  this  volatUizer,  is  returned  to  the  reducing  tower,  and 
DunUon  of     the  charge  continues  to  circulate,  between  the  two  towers,  for  a  period 

of  between  7  and  15  days,  until  about  60  per  cent  of  the  nickel  has  been    . 
removed  as  nickel  carbooyt.     The  nickel  carbonyl  passes  to  the  decom- 
poser, either  a  tower  or  a  horizontal  retort,  which  is  heated  to  a  tem- 
perature of  180°C,  so  as  to  decompose  this  compound,  and  release  tfae 
nickel  in  a  metallic  state,  preferably  on  granules  of  ordinary  comnaer- 
oial  metal.     The  carbon  monoxide  is  also  released,  and  ia  returned  to 
the  volatilizing  tower,   to  obtain  a  fresh  charge  of  nickel.     The  com- 
mercial product  contains  between  99.4  and  99.8  per  cent  of  nioket.     It 
^'°°iv^^      has  been  stated,  that  Dr.  Mond's  process,  although  ingeniously  and  tho- 
to  Mond'H        roughly  worked  out,  has  developed  certain  weokneeetti,  such  ae   imper- 
^^^  feet  extraction  of  nickel,  and  the  necessity  of  repeating  certain  of  the 

operations  several  times  before  satisfactory  results  ore  achieved,  and 
the  larger  proportion  of  the  nickel  obtained.  The  danger  of  explosion 
and  poison,  from  the  carbon  monoxide  gas,  have  all,  seemingly,  com- 
bined to  delay  the  successful  operation  of  this  process,  on  a  large  scale 
for  any  protracted  period. 

THE   HOBPFHRR    ELXCTROLVTIC   PR0CB8S. 

Hoepfner  In  this  process,  a  chloride  solation  is  obtaiaed,  which  has  been  freed 

ppxxM^  "  from  other  metals,  either  chemically  or  electrolytic  ally.  The  solution 
is  neutralized,  and  then  accidulated  with  some  weak  oxygen  acid,  such 
as  citric  or  phosphoric  acid,  and  the  electrolysis  effected  with  insoluble 
anodes.  The  anodes  are  immersed  in  a  chloride  solution  of  some  more 
electro-positive  metal  than  nickel.  The  cathodes  are  rotating  or  vibra- 
ting metal  plates.     The  chlorine  evolved  is  collected. 

THB   FRASCn   KLBCTRO  LYTIC   PROCESS. 

Short  d(«crip-      "^^^  process  depends  on  the  reaction  in  the  electrolytic  decompod- 
^i?"-^-  tion  of  common  salt.  At  the  anode,  chlorine  is  evolved,  at  the  cathode, 

principleB  of    aodium  hydrate  ia  formed  by  a  secondary  reaction.     When  applied  to 
prooess.  copper  nickel  matte,  the  anode  consists  oC  a  layer   of  carbonaceous 

material.  This  ia  covered  with  a  layer  of  matte,  and  ^e  matte 
with  a  layer  of  sand,  which  serves  as  a  diaphragm,  between  the  anode 
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«nd  cathode  sections.  The  chlorine  evolved,  disaolyea  the  metale  of 
the  matte,  forming  chlorides.  The  solution  ia  treated  for  the  contained 
metals  by  sleotrolysis  or  chemically.  From  the  solution  of  EOdinm 
hydrate  at  the  cathode,  caustic  soda  is  obtained. 

BSOVNE's   ELBCTBOLTTIC    PBOOEfla. 

In  this  procees  ('),  the  copper  is  first  deposited  from  a  solution  of  *^"^''J^ '" 
the  mixed  chlorides,  using  cathodes  of  pure  copper  and  soluble  anodeu  Brunne's 
of  copper  nickel  alloy.     The  original  percentage  of  metal  chloride  in  p™"*"- 
the  electrolyte,  is  maintained,  partly,  by  the  solution  of  the  anode  and 
partly,  by  passing  the  electrolyte  through  a  tower  filled  with  bessemer 
matte  or  alloy  to  be  treated,  in  contact  with  the  chlorine  gaa  evolved 
at  the  anode  by  the  nickel  precipitation. 

When  the  electrolyte  is  rich  in  nickel,  and  nearly  all  the  copper  is 
deposited,  the  remaining  copper  ia  precipitated  with  hydrogen  sulphide 
or  a  similar  reagent,  and  the  iron  with  ammonia.  The  nickel  chloride 
solution  is  then  electrolyzed,  using  cathodes  of  puro  nickel  and  anodes 
of  OMbon,  in  wat«r-8ealed  oompartments,  from  which  the  chlorine  is 
conducted  to  the  regenerating  tower. 

ULK^'S   ELECROLTTIC   PROOESB. 

In  this  process,  (*)  a  sulphate  solution  of  the  metals  is  used,  instead  ^^"^ 
of  a  chloride  solution,  as  in  the  three  processes  desonbed  above.  Hoiution. 

'  With  the  Ulkd  process,  it  is  most  advantageous  to  use  a  material  con-  Genenl 
aistiug  of  not  over  20  per  cent  of  nickel,  and  not  less  thaa  80  per  cent  ofui'^^'s"' 
of  copper,  which  is  cast  into  anode  plates.     The  electrolyte  consists  of  wntinuoua 

■^■^  *  ^  pnjce™  for 

a  solution  of  copper  and  nickel  sulphate,  and  contains  an  excess  of  free.  »epuatinR 
sulphuric    acid,    and    the  cathodes   are  of  pure  sheet  copper.     The  ^ppct" 
olectrolyte  is   heated  and  kept  in  oircniation  and  from  time  to  time 
portions  of  it  are  withdrawn  from  the  electrolytic  vats  to  be  re~atand- 
ordized      The  electrolyte  withdrawn  is  roplaced  with  an  equal  volume 
of  copper  sulphate  solution,  containing  an  excess  of  free  acid  to  re- 
standardize  the  electrolyte.    A    portion   of    this  copper  sulphate  is 
obtained  as  a  by-product  in  the  extraction  of  the  nickel,  as  is  outlined 
later  in  the  description.     The  copper  is  precipitated  (from  withdrawn  Production  ot 
electrolyte)  with  hydrc^n  sulphide,  and  after  filtering,  the  copper  lufph&te, 
sulphide  precipitate  ia- treated  with  sulphuric  acid  and  heat  to  recover 
the  hydrogen  sulphide  and  make  the  by-product  copper  sulphate.    The 
nickel  sulphate  is  made  ammoniacal,  and  used  hot  as  an  electrolyte  for 
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th«  preoipitation  of  nickel  uaiDg  uiodes  of  lead  and  oathodn  of  sheet 
oiokel.  To  aroid  impoTeriahment  of  this  ekctroly te,  portions  of  it  are 
periodioallf  withdnwn,  the  ammonia  reooverad  for  re-nse  and  the 
nickel  snlphate  added  to  the  electrolyte  as  needed  to  preserve  the 
proper  strength.  The  process  is  eoonomtcal  and  produces  nickel  of 
high   qaality  continaoaaly  and  cheaply.' 

Another  process  for  the  electrolytic  winning  of  oickel,  which  is  in 
Bucceasfnl  operation,  is  the  Balbaoh  process,  a^  carried  on  at  the  BaU 
bach  works,  N.  J.     This  process,  however,  is  kept  strictly  secret. 
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Nickel  is  a  comparatively  new  metal,  as  far  as  oar  western  oiviliza 
tion  is  concerned,  for  it  was  discovered  in  ITSl,  by  the  Swedish  metal- 
Inrgift  CroDstedt.  It  was,  however,  not  antil  17S4,  that  Gronstedt 
definitely  determined  that  it  was  a  new  element  Its  name  was  Ki^o 
on  account  of  its  being  a  conatituent  of  niccolite  or  '  knpfer-nickel ' 
as  it  was  then  called.  Cronstedt's  discovery  was  made  in  esamiDing 
the  ore,  obtained  from  the  mines  of  He'singland.  In  1776,  Engstrom 
analyzed  the  material  which  had  found  its  way  to  Europe,  from  China, 
under  the  name  of  '  Pachfong ',  finding  it  an  alloy  made  up  of  variable 
quantities  of  copper,  nickel  and  zinc,  but  usually  present  in  the  pro- 
portion of  40  per  cent  of  copper,  15  per  cent  of  nickel  and  4S  per 
cent  of  zinc.  This  alloy  had  been  in  use  in  China  for  thousands  of 
years.  Previous  to  this  again,  as  noticed  by  Dr.  Austen  in  his  '  Histor- 
ical Sketch  of  Nickel '  the  Bactrian  King  Euthydemoa  who  reigned 
about  235  B.C.,  employed  an  alloy  of  nickel  for  coinage  purposes,  con- 
taining 77-58  per  cent  of  copper,  2004  per  cent  of  nickel  and  1  72  per 
cent  of  other  impurities,  such  as  iron,  cobalt,  tin,  silver  and  sulphur. 
It  is  worthy  of  remark,  that  so  long  after  this,  the  alloy  at  present  io 
use  for  the  manufacture  of  coins,  is  very  similar  in  composition,  con- 
taining about  75  per  cent  of  copper  and  2S  per  cent  of  nickel,  which 
experience  has  taught  us  is  the  best  proportion  for  such  a  purpose. 

Nickel,  in  its  pure  state,  is  silver-white  in  colour,  hard,  tongh,  fudible 
with  di£Bculty,  and  is  susceptible  to  magnetism,  although  not  to  the 
same  extent  as  iron.  It  has  the  peculiar  property  of  losing  this  mag- 
netism when  heated,  and  regaining  it  when  cooled,  this  pecnliaritT 
being  taken  advantage  of,  in  the  manufacture  of  certain  alloys  for  eleo- 
trioal  purposes.     Nickel  has  a  specific  gravity  of  8*5  to  6'9. 

The  parity  of  the  nickel,  which  has  been  on  the  market,  has  steadilj 
increased  since  its  first  manufacture.     This  will  be  evident  from  the 
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subjoined  table  of  aoalyies  of  the  commercial  product.  The  threa  first  Authorities 

aoaljses  are  quoted  from  the  Mineral  Industry,  and  were  miule  in  far  aaalyaet 
1891.     All  the  others  were  made  ia  1898  and  1899.  'I""'*'- 
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The  first  aod  chi^f  demnnd  for  this  metal,  was  for  making  nickel  or 
German  silver,  as  a  ai]batitat<>  for  the  more  precioa»  metal,  inthemana- 
factare  of  apoon!i,  forkfl  and  other  ware  in  general,  for  which  silver  had 
bMn  previously  used.  Its  whiteness,  and  the  faciKty  with  which  it 
received  and  held  the  silver,  after  th«proce8H  of  electro-plating  was  in- 
troduced, has  caused  it  to  be  still  more  widely  used.  This  nse,  how- 
ever, baa  been  replaced,  in  a  Urge  degree,  bjr  plating  iron  with  nickel, 
which  gives  a  very  similar  effect  to  German  silver. 

Xickel  is  also  used  very  extensively  for  coinage  pnrpoeee,  both  in 
Europe  and  America,  these  coins  generally  consisting  of  an  alloy  of 
from  75  to  88  p>-r  cent  of  copper,  and  12  to  35  per  cent  of  nickel 
Recently,  both  Austria  Aod  Switzerland  have  authorized  the  use  of 
pare  nickel  in  coins. 

Pure  nickel  is  now  used  in  making  small  articles,  which  formerly  were 
only  electroplated  with  nickel.  An  alloy,  with  20  per  cent  of  nickel 
and  80  per  cent  of  copp»er,  is  used  for  casioK  bullets.  This  alloy  bas  a 
higher  degree  of  tenacity  than  the  best  braes,  and  a  high  co-efficient  of 

Owing  to  the  intense  colouring  properties  of  nickel,  (it  is  greater 
than  that  of  any  other  metal  except  tin),  these  alloys  have  almost  the 
same  colonr  as  the  pure  nickel. 

Tn  far  more  general  use  are  the  nickel-copper- zinc  alloys.  These  were 
first  introduced  into  Europe  from  China,  in  the  eighteenth  century, 
under  the  name  of  Packfong  or  China  bilver,  and  it  was  only  later,  that 
it  was  discovered  that  they  consisted  of  nickel,  copper  and  nnc.  As 
European  Brma  began  to  use  these  alloys,  for  manufacturing  purposes, 
they  gave  them  various  names,  such  as  german  silver,  argentan,  etc 

The  following  are  analyses,  from  Ledebur's  '  Technologie,  '  of  aome  of 
these  alloys : 

Copper.  Zinc. 

63.34         17.01 


English   new  silver 
Vienna     "         " 
French     "        " 


60.00 
59.10 
6».90 


31.25 


Niokd. 

Inm. 

19.13 

0.52 

22.20 

18.76 

9.70 

1.00 

19.80 

4.70 

'  New  Silver '       The  chief  uses  of  these  alloys  are  for  forks,  spoons,  etc.,  and  v 

"^  ^'"'  household  goods  to  be  silver-plaied,  and  for  many  scientific  instruments, 

purpoHB.         where  brass  was  formerly  used. 
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A  litUe  magnesiam,  kdded  to  nickel  when  in  a  molten  state  incroaaes  Additioa  of 
its  m&lleabilitj,  and  this  property  has  been  utilized  in  the  manufacture  nicSd 
of  nickel  into  xheeta,  and  also  in  making  sheets  composed  of  an  iron  j^^^^utv 
plate^  with  a  nickel  plate  welded  upon  each  aide  of  the  iron  ;  the  mass 
then  beconing  capable  of  being  rolled  to  an;  desired  thickness.     This 
rolled  nickel  plate  is  an  advance  over  ordinary  tin  plat«^  for  culinary  lUdltd  nickel 
and  other  utensils.  *^"' 

If  ickel-plated  zinc  or    '  niokeloid,'  as  it  ia  called,  is  being  used  to  a  Niokeloid. 
coosidsrable    extent  in  the  manufacture  of     reflectors,    refrigerator 
lioingB,  baths,  etc 

The  most  important  and  extended  use  of  nickel,'  however,  is  in  the  xj^  ot  niohel 
manufacture  of  nickel  steel,  and,  at  present,  we  must  look  to  its  more  ^L^**"^  '"*'' 
general  employment  in  this  direction,  as  replacing  carbon  and  man- 
ganese steel,  for  the  development  of  the  nickel  industry.     The  peculiar 
and  desirable  behaviour  of  nickel,  in  alloy  with   other  metals,  and  Peoulisr 
especially   with  iron  and  steel,  has  often  been  remarked,  the  material  Jjjmu 
partaking  more  of  a  chemical  combination  than  an  ordinarily  intimate 
mixture.     All  these  alloys  are  remarkably  homogeneous,  and  suscepti- 
ble of  a  high  polish,  though  rather  difficult  of   manipulation.     In  Good  qualiUw 
obtaining  a  correct  idea  of  the  usefulness  or  value  of  alloys  ol  nickel     ™°y*- 
with  iron  aud  steel,  it  should  be  borne  in  mind  that  these  mixtures  con- 
tain   maoganeee,    carbon,    silicon,    sulphur    and    phosphorus,    whose 
influence  must  be  carefully  watched,  requiring  a  long  aeries  of  experi-  ImDurities  ia 
ments.  A  comparison  of  steel  alloyed  with  4.7  per  cent  of  nickel,  raised  ""^      '**^  ' 
the  elastic  limit  from  16  up  to  28  tons,  and  the  breaking  atraiu  from  30 
up  to  40  tons,  without  impairing  the  elongation  or  contraction  of  area  gtrength  of 
to  any  appreciable  extent.     A  further  gradual  increase  of  hardness  was  licku'tmL 
noticed  until  20  per  cent  is  reached,  when  a  change  takes  place,  and  pbyairal 

suoceesive  additions  of  nickel  tend  to  make  the  ateel  softer,  and  more  cnu^Mrs  of 

'  nickel  Bl«el 

ductile.  The  alloys  polish  well,  and  the  colour  of  the  steel  b  lightened,  allofs. 
as  the  proptortion  of  nickel  is  increased.     They  do  not  corriida  as 
readily  as  other  steel.     The  one  per  cent  nickel  steel  welds  fairly  well, 
but  this  property  lessens  with  each  addition  of  nickel.    It  may,  there, 
fore,  be  said  that  considerable  advantage  can  be  expected  from  thene 
alloys,  especially  where  the  amount  of  nickel  present  is  less  than  5  per 
cent.    Nickel  steel  is  now  being  used  for  a  variety  of  purposes,  among  j.       ,  nickel 
which  may  be  mentioned  ruls  for  railways.  These  have  been  tried  for  a  "teeL 
number  of  years,  at  Cumberland  Gap,  in  the  United  States,  and  have 
given  very  great  satisfaction.  The  first  cost  is  considerably  higher,  but 
they  can  be  made  much  lighter,  and  will  ouUast  three  ordinary  stee'  Nickel  steel 
rails.     Its  most  important  use,   however,  is  for  armour  plates  and  "'^^ 
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heavy  oidnaoce.     For  machine  parte,  subjected  to  alteraate  Btreaa  Mid 

Uae  of  nickel  ahock,  and  where  increase  of  strenf^th  and   decrease  of    weight  are 

nuchineputo  desired,  it  ia  unrivalled.  On  account  of  this  marked  quality,  it  has  been 

used  for  engine  and  propeller  ahafts,  and  haa  proved  so  much  superior 

to  all  other  steels  for  this  purpose,  that  it  has  no  rival  of  importance. 

U«e  in  pro-      Owing  to  its  resistance  to    '  fatigue '  from  persistent  vibration  and 

rock  (^iUa,4o.  concussion,  it  is  particularly  valuable  for  steam  hammer  piston  rods, 

rock  drill  piston  rods,  railway  axles,  or  tank  pins  ;  also  for  light  forged 

engine  frames,  bolts  for  extreme  hydraulic  pressure,  bicycles,  etc.     It 

has  also  been  recommended  for  the  manufacture  of  dies  and  shoes> 

in  stamp  mills,  and  of  wire  rope.  Nickel  steel  wire  rope  would  bo  less 

Nickel  ited     corrosive,  and  have  more  tensile  strength,  than  the  ordinary  steel  wire 

wueiope.  ... 

ropes,  in  use  at  present. 

Co-efiicivnt  of  The  co-eScientof  expansion  of  nickel  steel  with  36  per  cent  of  nickel, 
ni5S"»tod.  is  only  0.00000087,  that  of  ordinary  materials  varying  from  10  to  20 
times  this  figure.  This  low  coefficient  of  expansion  will  likely  be  of 
great  value  for  many  purposes.  Alloys  with  42  to  46  per  cent  of  nickel, 
have  the  same  co-efficients  of  expansion  as  various  sorts  of  glass,  which 
will  make  them  valuable  in  replacing  the  more  expensive  platinum,  in 
cases  where  metal  and  glaM  have  to  be  welded  together. 

Other  alloys  of  nickel  are  mentioned  in  "The  Mineral  Industry'' 
.  X.  They  are  nick  el -aluminium,  with  a  tensile  strength  of  40,000 
per  aq.  in.  and  an  elastic  limit  of  35,000  lbs.  per  sq.  in. 


Compiwition 
nickel. 


lbs. 

Chrome  nickel,  containing  usfially  73  per  cent  of  chromium,  33  per 
cent  of  nickel,  2.6  per  cent  of  iron.  1  per  cent  of  carbon  and  O.D  per 
cent  of  silicon,  is  used  in  making  steel  for  projectiles  and  armour  platJ^ 
which  is  said  to  be  better  than  Harveyized  steel  armpur  plates.  Tung- 
sten-nickel has  a  composition  similar  to  chrome-nickel,  tungsten  tak- 
ing the  place  of  chrome. 

Uolybdenum-nickel  with  45  to  75  per  cent  of  molybdenum,  20  to  60 
per  cent  of  nickel,  2  to  2.5  per  cent  of  iron,  1  to  1. 1  per  cent  of  carbon 
and  0.26  to  0.50  per  cent  <d  sulphur  is  largely  used  in  the  manufacture 
of  forgings,  guns,  wire,  boiler-plate  and  sheila. 

The  era  of  nickel  steel  has  only  bfen  entered  upon,  for  it  was  not 
lickel  steel  until  18S8,  that  this  desirable  alloy  was  made,  on  any  scale  of  commer- 
enccrwl  upon,  cial  importance.  Canada  has  the  largpst  supply  of  the  most  desirable 
nickel  ores  in  the  world,  and  the  quality  of  the  metallic  nickel,  as  shown 
by  the  analyses  quoted,  is  of  a  very  high  degree  of  purity.  It  is  beyond 
the  scope  of  the  present  report,  to  enter  upon  adiscu»sion  of  the  mani- 
fold merits  of  nickel  steel,  and  the  numerous  benefit<t  to  be  derived  from 


Th-i 


ib.  Google 


USB8   OF   NICKEL.  229 

its  nse.     In  1899,  Mesara.  B.  A.  HadfieM  (i)  and  Dayid  H.  Browne  (*),  P»pe™  oa 
published  two  vary  complete  contribotione  on  this  subject,  and  the  HulGeld  asd^ 
reader  may  have  reference  to  these   for  more  detailed  information.  Browne, 
lately,  Dr.  Waddell  has  been  employed,  under  the  auspices  of  the 
International  Nickel  Company,  in  making  an  elaborate  series  of  tests 
and  experiments,  with  nickel  steel,  with  special  reference  to  its  more  Kxperiments 
extended  use  in  bridge  building.     The  general  public,  and  more  parti-  ("^ii^^J^ 
cularly,  that  numerous  sootioa  of  it  in  Canada,  who  are  interested  in  Comwij  bT 
the  exteosion  of  the  nickel  industry,  will  look  forward  with  pleasure 
to  the  appearance  of  Dr.  Waddetl's  conclusions,  which,  it  is  hoped,  will 
not  be  witheld,  on  the  plea  that  the  ioformation  is  of  a  confidential 
nature. 

PaODDCTTION    or  NICKEL  AND  COPPBR  FROM   THE  SDDBDRT   DISTRICT. 

It  is  difficult  to  obtain  the  exact  production  of  the  nickel  and    cop  _.  , 

per  ores  of  the  Sudbury  District^  during  the  first  three  years  of  mining  ntrlv 
from  1886  to  1888,  inclusive.     Thus,  R.  B.  Maffett,  Superintendent  of  nl^enn""  "^ 
the  Orford  Copper  company,  at  New  Brighton,  L.  I.,  N,  Y,,  under  date  £,"'1'^?j-- 
of  April  18,  1904,  answering  an  inquiry  addressed  to  President  A.  F.  oult  to  obtain. 
Turner,  of  the  Canadian  Copper  Company,  at  Copper  ClifF,  Ont.,  states,  R^turniifor 
that  during  1886,  1,040  tons  of  ore,  carrying  7.2  per  cent  of  copper  1^86^  hj 
and  3  per  cent  of  nickel,  were  mined  at  Copper  CliS,  and  during  1 867,  Copper 
8,864  tons  carrying  8.56  per  cent  of  copper  and  3.31  per  cent  of  uickeli  Co""!*"?'  _ 
were  also  raised  from  the  the  same  mine.     According  to  details,  furni-  gy„„M,t*  of 
sbed  the  Geological  Survey  Department,  by  the  Customs  Department,  of  ore  accord- 
3,307  tons  of  copper  ore  were  shipped  from  Sudbury,  in  1886,  with  a  Cuatoms 
declared  customs  value  of  $16,404,  and  in  1887,  567  tons  of  similar  ore  ^^P^™*^"*- 
were  also  shipped,  with  a  declared  customs  value  of  $3,416.     A  careful 
and  conservative  estimate,  to  arrive  at  the  total  production,    would  -p  ,-     ,     > 
place  the  amount  mined  durii^  these  three  years  at   30,000  tons,  pnxluction  in 
averaging  about  5  per  cent  of  copper  and  3  per  cent  of  nickel,  this  t^^^  "^ 
ore  thus  containing,  approximately,  900  tons  of  nickel;  and  1,500  tons 
of  copper.  Valuing  the  nickel,  at  the  average  price  for  the  three  years, 
at  62.12  cents  per  lb.,  the  total  ultimate  value  of  the  nickel  in  the  ore,  a,etBrB''prDdu- 
would  amount  to  $1,118,160,  while  the  copper,  at  the  average  price  of  ™^'*^"S 
I2centBperpound,  would  amount  to  $360,000.  According  to  the  yearly  yean. 
returuB,  furnished  the  Ueolo^ical  Survey  Department  and  the  Ontario 
Bureau  of  Mines,  the  total  ore  mined  in  tlie  district,  including  the  esti- 
mate OB  above  given  for  the  first  three  years,  hasamounted  to  2,093,427 
tons.     The  toUl  amout  of  nickel  in  matte,   sold  from    1889  to   1903)  j.  ,j 

both  years  inclusive,  amounted  to  39,827  tons,  with  a  final  value  in  New  from  ibH9- 

•^ , _____        __    . ISOSinclUBive. 


ib.  Google 


EatimaM  of 

oootentu  of 


metala  per 
niolceL''"*' 


ToUl  pro- 
ducClon  of  «i 
from  Cftii»- 
diaD  Coppor 


330  OIOLOGICAL   SDRVKT   OF   CUTADA 

York,  At  th«  lowMt  »verage  prevtuling  price  in  the  yci&i-  in  which  it  was 
placed  upon  the  market,  amounted  to  ^35,603,272,  while  the  copper 
present  in  the  matte,  in  the  same  period,  amountinj;  to  37,4*29,  tons 
valued  at  the  average  price  of  copper  in  the  year  sold,  realized  (9,- 
799,730.  If  we  include  the  three  finit  jears,  at  the  figures  already 
given,  we  obtain  a  total  amount  of  nickel  sold  of  40,727  tons,  with  » 
value  of  $36,  721,  433  ;  while  the  copper  amounted  to  3S,929  tone, 
with  a  value  of  $10,159,739. 

This  nickel  and  copper  ore  also  contains  cobalt,  and  an  average  of  a 
large  iiumber  of  assaya,  would  indicate  that  the  proportion  of  nickel  to 
cobalt  as  50  to  1,  is  a  conservative  estimate.  If  all  of  this  could  have 
been  saved,  815  tons  of  cobalt  would  have  been  thus  produced,  and  this, 
at  a  price  of  $3.00  per  lb.,  would  have  amounted  to  $4,S90,000.  In 
addition,  these  ores  contain  appreciable  quantities  of  the  precious  metals, 
gold,  silver  and  metals  of  the  platinum  group.  Tkn  platinum  metals 
average  about  1.25  oz.,  the  gold  0.375  of  an  ounce,  while  the  silver  has 
been  calculated  on  the  assumption  that  7.5  oz.  are  present  to  the  ton 
of  nickel,  which  is  certainly  below  the  average.  On  thia  assumption, 
the  value  of  the  precious  metals,  at  the  average  of  the  ruling  New  York 
price  in  the  years  produced,  would  be  oa  follows:  Gold  930.^,460; 
Silver,  $195,286;  Platinum,  $805,429j  Total,  $1,306,175.  The  total 
ultimate  value  in  New  York,  of  the  various  metals  cont<iined  in  these 
ores,  would,  therefore,  be  as  follows  ; 

I                   Nickel $36,721,432 

Cobalt 4,f  90.000 

Copper 9,799.739 

Gold 305.460 

SUver 1&5.286 

Platinum 806,429 

Total $52,717,346 

Of  the  total  production  of  ore,  about  four-fifths  must  be  credited  to 
the  Canadian  Copper  Company.  This  company  does  not  wish,  at  present, 
to  give  the  production  of  each  individual  mine,  but  through  the  court- 
esy of  P'  esident  A.  P.  Turner  of  the  Canadian  Copper  Company,  I  am 
>  authorized  to  state  that  the  three  largest  of  their  mines,  have  produced 
the  following  amounts  of  ore,  up  to  the  first  of  June,  1904. 

Stobie  Mine 419,000  tons 

Copper  Cliff  Mine 366,<t00     "     ' 

Creighton  Mine 310,000     " 
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Some  of  the  other  mines  have  kIso  produced  large  quaotities  of  or«, 
as  the  EvAos  mine,  No.  2  and  No.  .3(Frood  mine)  mtaes  all  three  of  which 
have  produced  between  100,000  aod  200,000  tons  of  ore.     The  Creigh-  CraiehtoD 
ton  mine  is,   without  doubt,   the    largest  mine  in  the  district,  and  ia  ^'q^"*"^'" 
regarded  as  capable  of  produciog  many  millions  of  tons  of  high  grade 
ore.  The  ore  at  present  being  mined  averages  about  5  per  cent  of  nickel  Lsrfi^e  pro' 
and  2percentof  copper.  During  tbemontb  of  v:«j|asi.(1904)  19,000  tons  tigb  srade 
of  ore  were  mined,  and,  in  June,  it  was  expected  that  22,000  tons  would  ^  ■''hwii 
be  secured.     It  is  proposed,  in  the  near  future  to  erect  another  rock  mina. 
house,  further  west,  on  this  same  deposit,  when  the  output  will  be  nearly 
doubled.     The  old  Blezard  mine,  belonging  to  the  Dominion  Mineral  I'lodaccioD 
Company,  probably  produced  about  100,000  tons  of  ore,   while  26,000  Di„n  Mineral 
tons  Heems  a  reasonable  estimate  fur  that  produced  by  the  Wurthingtun  ^ '  mmts. 
mine.     The  Victoria  mine,  belonging  to  the  Mond  Nickel  Company,  Production 
has  produced  about  80,000  tons  of  ore,  while  the  same  company,  up  to  victorik 
the  1st  of  June,  1904,  bad  obulned  about  13,000  tons  from  the  North  ■"'"h- 
SUr  mine.     At  the   Murray   mine,  62,193  tons  were  produced,  while  ^"^f"  ^*" 
the  Lake  Superior  Power  Company  obtained  33,835  tona  from  the  MamT, 
Elsie  Mine,  and  IS.OOO  tons  from  the  Gertrude  mine,  up  to  the  end  of  ^ff"^'^ 

1903. 

Tkblea  of 
The  following  tables  are    reproduced  from  the  annual  reports  of  production 

the  Division  of  Mineral  Statbtics  and  Mines,  of  the  Geological  Survey  Si^l^"*"'' 
Department,  and  of  the  Bureau  of  Mines,  of  Ontario.  Both  have  been  McLelsh. 
prepared  by  Mr.  J.  McLeish,  who  has  charge,  under  Mr.  K  D.  Ingall, 
of  thin  branch  of  the  work.  Tney  will  show,  in  a  diagrammatic  manner, 
the  details  of  the  mioiog  operations,  earned  on  in  the  district  from  1889 
to  1903,  both  years  inclusive. 


ib.  Google 


OkOLOGICAL  SDBVXT   OF  CAtTAOA 


i'sg 
Ms' 

I    i 


■5  =  5  - 
-lis? 


8"  iimiiiiiiiitt 


s 

.  5 

i' 

,-J 


111 


li! 


i?is ;  mm 

it 

IIEI :  ;g  .S  i 

§  s 


^;^"5^s's"s"s"|'^ 


ib.Google 


Iil 

: ;iSi5SSSiJ|l5 

n 

;  :ilgl3§|glll& 

MM 

-  NsSinmin 

iH 

«! 

:  llgs§S8ISIsi 

■5I«loO 

1      \^^:\]:[\.:\ 

jil 

ill 

i  ^ iiiilfilsssii 

III 

mp 

1  n^^5-:^P-lll 

Mit 

1  - ;  :"'--sa"-Ss2-a-ss's' 

^ 

1  sKsSte'aSsasgggi 

ii 

^  ggssBssassssgs 

1  iBlllglslgiil 

1 

iiiiiiiiiiiM 

,Google 


234 


GBOLOOICAL   SVBVET   07   CANADA 


THB   world's   PBODUCmOlt   OF  HIOKIL. 

Bulj  [Hiiduc       From  1840  to  1860,  the  aanual  prodnotion  of  nickel  sc&rcely  »ver- 
ticRiof  nic      .  ^^j  jQQ  metric  tooB  per  aooum,  uid  in  no  Eiogle  jMrwu  a  prodnotion 
of  200  metric  tons  exceeded.     From   1860  to  1880,  a  very  gradnal, 
thoagh  distinct,   increase  was  noticeable,  np  to  600  metric  tons,  al- 
though, about  the  year  1874,  a  little  over  700  metric  tons  were  pro- 
Ymrij  pio-       duced.     In  1880,  tiie  prodact  of  the  Xew  Caladonia  minee  became  a 
niiAelfTom      distinct  factor  on  the  market,  at  first  with  a  production  of  about  200 
Now  Caledo-    metric  tons  per  annum,  but  gradually  increasing  until  the  year  1884, 
when  the  production  was  abont  1,000  tons.     In  the  year  1889,  the 
product  of  the  Sudbury  mines  was  placed  upon  the  market,  but  only 
432  tons  were  sold.     In  the  year  1891,  however,    2,018  tons  (1,830 
metric  tons)  of  nickel  were  sold  which  had  been  produced  from  the 
Sndbnry  ores,    while,   at  the  same  time,  the   product   of  the   New 
Caledonia  mines,    which    had    reached     the    figure  of  2,494  metric 
tons,  dropped  to  1,696  metric  tons  in  1892   In  1893,  the  world's  total 
production  of  nickel  amounted  to  4,412  metric  tons,  the  amount  of  the 
Ltrga  incTMM  Canadian  product  placed  on  the  market,  aggregating    1,807    metric 
oJEStoT'''*"    tana;  while  Norway,  in  the   same  year,  produced  about  99   metric 
tons,  and  the  United  States  22'4  metric  tons. 

These  figures  showed  a  still  further  and  rather  rapid  increase  up  to 
the  year  1901,  when  a  total  of  9,3m  metric  tons  were  produced,  the 
Canadian  nickel  amounting  to  4,168  metric  tons,  and  the  New  Cale- 
donia to  6,210  metric  tons,  while  the  IToited  States  produced  only  3 
tons  of  nickel  from  dooiestic  ores. 
S^JSdn^  In  1902,  the  total  of  the  world's  production,  amounted  to  8,473 
of  nickel.  metric  tons,  but  of  this  Canada's  share  was  4,8C>0  tons,  while  the  New 
Caledonia  output  showed  a  decrof^se  to  3,620  tons. 

Id  1903,  the  amount  of  Canadian  nickel  produced  amounted   to 
6,348  metric  tons,  while  New  Caledonia  produced  only  4,790  metric 


Future  of 

CaDxliaii 
nickel. 


World', 
of  Dickel. 


The  world's  total  prwluction  of  nickel  for  1903  as  stated  by  the 
Metallgesellschaft  amounted  to  9,830  metric  tons.  It  is  evidenU 
however,  that  this  is  understated  and  that  the  actual  production  ie 
considerably  in  excess  of  this  amount,  for  the  official  returns  for 
Canada  and  the  United  States,  as  reported  to  the  Geological  Surrey  and 
the  Bureau  of  Mines  of  Ontario,  give  the  production  as  6,400  metric 
too,aiastead  of  5,100  metric  tons,  as  stated  by  this  authority.  Assuming 
the  official  6gures  n,9  more  nearly  accurate  and  adding  the  production 
from  New  Caledonia  as  quoted  by  the  Metallgesellschaft  (4,760  metric 
tons),  a  grand  total  of  ll,l''iO  metric  tons  is  obtained,  as  the  a, 
of  the  world's  production  for  1903. 
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The^  flgoraa  M«  f nil  of  hope  for  Canada,  and  with  the  gradually 
iocreasiDg  koowledgtt  of  the  true  value  and  uaea  of  nickel,  by  reason 
of  its  many  desirable  phyBtoal  qualities,  which  is  graduKlly  baoominff 
mon  general,  the  production  of  nickel  should  be  doubled  in  the  next 
Ave  years.  It  is  hoped  and  confidently  expected,  that  Canada's  share 
in  this  large  output,  will  be  fnlly  three-fourths  of  the  whole. 

The  following  table  will  show,  at  a  glance,  and  in  much  greater 
detail,  the  world's  aannal  production  of  nickel,  from  1889  to  1902- 
Hie  figures  for  the  foreign  production  for  1903  aro  not  yet  available. 

These  statistics  are  obtained  mainly  from  the  Metallgesellachaft  and 
Metallnxgische  Geaellschaft  (Frankfort  on-the-Main),  Aug.,  1903,  p.  23. 

The  prodnotioD  of  nickel  from  domestic  ores  in  the  United  States  Authorities 
is  quoted  from  Mineral  Resources  of  tbe  United  States  while  that  of  ("r  tab^'of ''°* 
Canada  is  from  the  Division  of  Mineral  Statistics  and  Mines,  Qeol<^cal  ^^"^ X- 
Survey  of  Canada,  with  the  exception  of  1903,   which  is  from  the  Bu-  of  nick^. 
rean  of  Uinee.     The  figures  of  Canadian  production,  include  nickel 
actually,  sold  while  those  of  the  Bureau  of  Mines,  which  are  stated 
in  a  separate  table,  are  of  nickel  produced,  part  of  which  remained  in 
stock. 

The  figures  for  (Germany,  represent  the  production  of  Prussia.  Details  of 
Saxonv  also  prodnces  nickel,  but  sccnrate  details  are  not  readUv  ^'<^f'  pro- 
available.  8biod*  tuit 

■VAllftW. 
THX   PBIC8   OP   NICKBL. 

In  1876,  the  price  of  nickel  per  lb.,  amounted  to  $2.60.   In  1877  it  Large  (iric«tc 
drof^  to  $1.60  per  lb.,  and  in  1878,  it  showed  a  still  further  decline  ^fi^t'.°" 
to$1.10  per  tb.  In  1879,  it  recovered  slightly  to$l. 12  per  lb.  but  in  1880 
it  again  decreaaed  to  $1.10,  which  latter  figure  was  maintuned  until 
1883,  when  Uie  price  steadily  declined  to  about  60  cents.     At  present.  Gradual 
the  price  quoted  by  leading  producers,  varies  from  40  to  47  cents  per  pHoe*^ '" 
lb.,  for  large  qnantities  down  to  ton  lots,  according  to  size  and  terms 
of  order.     The   price  for   smaller  lota,  according   to  quantity,  rune  as  Pf^^otpnc^ 
high  as  60  oents  per  lb.,  in  New  York. 
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Crkightoh  Mink,  Canadian  Coffeb  Co. 
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GEOLOGICAL   SURVEY  OF  CANADA 

ROBERT  BELL,  M.D.,  D.Se.  (Caxtab.),  LL.D.,  F.R.S.,  I.S.O. 


GEOLOGY  OF  A  PORTION 

EASTERN  ONTARIO 

(To  oMompany  Map^hMt  No.  119.) 
R.  W.  ELLS,  LL.D.,  F.E.S.C. 
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To  EoBBKT  Bell,  M.D.,  LLD.,  F.R.8.,  &c., 

Acting  Director,  Q«ologic&I  Snrvey  of  Canada. 

SiB, — I  beg  to  anbrnit  herewith  a  report  on  the  geology  and  mineral 
resoDFCea  of  the  area  eontaiaed  in  Uap-eheet,  Na  119,  of  the  Quebec 
and  Ontario  serioB.  The  map  has  been  compiled  by  Mr.  Joseph  Keele, 
B.A.  Sc.,  on  the  scale  of  four  miles  to  the  inch. 

I  have  the  honoar  to  be,  Sir, 

Your  obedient  servant. 


Obologioal  Schyby  Dbpabtmkitt,  Ottawa, 
May  Ut,  1902 
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REPORT 

OK  TBS 

GEOLOGY  OF  POKTIONS  OF  THE  COUNTIES 

OP 

RENFREW,  ADDiNCTON,  FRONTENiC,  LiNiRK  ASD  CAELETOS. 

By  R.  W.  Ells,  LL.D.,  F.R.S.C. 


This  report  ia  the  second  of  »  series,  relating  to  the  geology  of  the  Quebec 
&rea  traversed  by  the  Ottawa  river  and  contignons  bo  it,  comprising  in  nwp-glieet. 
all  four  mapehcets,  Nos.  li'l,  122,  119  and  120.     The  first  of  these 
has  already  appeared,  and  includes   a  somewhat  detailed  description 
of  the  principal  geological  features  and  mineral  localities  fonnd  in  the 
district  along  the  lower  Ottawa,  east  of   the  Qatineau  river.     The 
present  report  refers  more  especially  to  the  area  entirely  sonth  of  the 
Ottawa,  being  bounded  on  the  north  by  h  line  extending  west  from  the 
vicinity  of  Amprior  to  a  point  a  few  miles  north  of  Clear  lake  in  the 
county  of  Renfrew,  and  on  the  south  by  a  line  east  from  Sbarbot  lake 
to  a  point  a  few  miles  south  of  Smiths  Falls.    The  western  line  of  the 
sheet  joins  that  recently  finished  by  Dra,  Barlow  and  Adams  known 
as  the  "  Haliburton  sheet."    It  embrooes  an  area  of  3,466  square  Are* 
^..  _  iocluded 

""«»•  in  report. 

The  compilation  of  the  surveys  bos  been  well  done  by  Mr.  Joseph  CominUrioQ. 
Keele,  B.  A.Sc.,  but  there  are  certain  areas  difficult  of  access,  and  entire- 
ly unopened  to  settlement  where  a  detailed  examination  can  scarcely 
be  carried  out.  These  areas  are  howev(«r  comparatively  small,  and  are, 
as  far  as  at  present  known,  largely  occupied  by  granite-gneiss,  the 
presence  of  which,  in  large  masses,  forms  a  country  generally  of  but 
little  value  either  for  agricultural  or  mineral  resources. 

The  area  included  in  the  present  report  comprises  a  considerable  Worh 
portion  of  the  county  of  Renfrew,  with  parU  of  Lanark,  Addington  ^"""'^ 
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Mid  Cftrleton.  Portiona  of  the  distriot  were  traverted  by  different 
officers  of  the  OeologicaJ  Survey ,  some  yean  ago,  and  different  reports 
hare  been  written  on  the  included  rocks,  notably  by  Mr.  Alexander 
Murray  and  Mr.  H.  O.  Yennor.  Theee  will  be  referred  to  in  the 
chapter  on  the  orystalline  rocks.  Different  traverses  were  also  made 
acrow  the  area,  by  Mr.  James  Richardson,  between  the  Ottawa  river 
and  Smiths  Falls  on  the  Rideau,  extending  as  far  as  the  town  of 
Perth. 


Owlo^oaJ  The  geologic*!  formations  found  in  the  area  comprised  in  this  map- 

form>tioi».      gj,p^t  ^j^y  j^  briefly  sUted  thus  ;— 

Post-Tertiary. 

Utica  shales. 

Trenton. 

Black  River. 

Chacy  shales  and  limestones. 

Coloiferous  and  Potsdam  sandstone. 

Mica,  chlorite  and  hornblende  schisla  and  amphibolites,  witli 

some  conglomerates. 
Gneiss  and  crystalline  limes  tones. 
Or&nite,  diorite,  ka. 
Oranitegneiss, 
In  the  disonssion  of  the  several  rook -formations,  the  Post-Tertiary 
deposits  will  be  described  in  a  later  chapter. 

PALSOZOX    FORHATIOKB. 

Utica  S?udt. 

Utioa  ilule.  While  the  several  members  of  the  Palteozoic  time  are  represented  at 
a  number  of  points  throughout  the  Ottawa  valley  and  the  country 
adjacent  to  the  south,  these  appear  to  show  higher  and  higher  elevations 
proceeding  westward  from  the  vicinity  of  Ottawa  city.  In  this  way 
the  lowest  beds  deposited  directly  upon  ^e  crystalline  rocks  vary 
from  the  Potsdam  sandstone,  largely  developed  near  Ottawa  to  ^e 
Upper  Silurian  at  the  northern  end  of  Lake  Temiskaming. 
ThickncM  ^^  Utica  shale  formation  has  a    large  development  along  per- 

near  OcMwa.  tions  of  the  lower  Ottawa,  where  in  the  area  to  the  south  and  east, 
there  is  probably  a  thickness  of  300  to  400  feet  West  of  this,  it  has 
however  not  been  recognized  except  at  one  locality  on  the  slope  of  the 
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monDtain  ridge  south  of  Clear  take  in  the  township  of  Sebastopol, 
Renfrew  ooonty. 

In  1896,  these  sh&les  were  found  in  a  shftllow  ditch  along  the  road  Outcrop  near 
np  the  mountain  side,  rescing  upon  IVenton  limestone  whioh  is  ezpoeed  ^' 

along  the  shore  on  the  sontb-weet  side  of  the  lake.  The  elevation 
above  the  water  is  about  90  feet,  and  the  exposure  is  not  well 
observed  anywhere  in  the  immediate  vicinitjf  except  in  the  excavation. 
The  elevation  above  sea-level  is  about  830  feet.  As  oompared  with 
the  shales  of  the  lower  Ottawa  basin,  the  difference  in  level  of  the  two 
localities  where  these  shales  are  found  is,  therefore,  a  little  more  than 
600  feet. 

The  underlying  rooks  about  Clear  lake  are  gneisses  and  granites  Geoloo;  of 
with  occasional  thin  bands  of  crystalline  Umeatone  which  form  a  pro-  ^^  vicinity, 
minent  ridge  rising  to  an  elevation  of  about  600  feet  above  the  lake 
at  the  base. 

On  the  slope  of  the  mountain  along  a  road  which  ascends  the  hills 
about  two  miles  west  of  this  lake,  debris  of  the  shales  was  also 
observed  resting  upon  the  Trenton  limestone,  so  that  it  is  probable 
that  a  shallow  outcrop  of  the  shales  extends  at  irregular  intervals  in 
this  direction  for  several  miles,  thoagh  the  rocks  themselves  are  for 
the  most  part  ooncealed  by  drift  deposits.  The  shales  at  this  place  are 
of  interest  as  showing  that  the  rocks  of  the  Palsozoic  basin  of  the 
Ottawa  at  one  time  had  a  very  wide  development,  and  that  they  have 
been  largely  remored  by  the  enormous  denudation  which  has  affected 
the  whole  area. 

From  the  locality  south  of  Clear  lake,  Hr.  Wilson  in  1896  made  a  PoHJlt  trom 
collection  of  fossils  which  have  been  determined  by  Dr.  H.  Jtl.  Ami.     ^"      ^ 
Subsequent  collections  were  made  by  Mr.  L.  H.  Lambe  of  this  depart- 
ment in  1897.     Among  these  the  following  characteristic  forms  have 
been  recognised. 

Climacoffrapl'ua,  sp.  indt.  too  imperfect  for  identification. 

Crinoidal/ragmttUt. 

LtpUibolua  int'gnii,  HalL 

L«ptoboliu  tf. 

Lingula  Progne,  Billings. 

LingtUa  cwta.  Hall. 

Pl«olamboniiea  tericea,  Sowerby. 

Dalmawila  tettvdinaria,  Dalman. 

Zygotpira  modesta,  Say. 

TrocholUet  ammonicut,  Emmons. 
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Eitdoetrat  prote^ortM,  H&ll. 

Serjntlitet  dUaoiuiut,  Billings. 

TriartAut  Becki,  Qreen,  adult  and  larval  forma. 

Ataphut  Cantui«nnt,  Chapman,  (A.  latimarginalua,  Hall.) 

Primilia  Ulriehi,  Jones. 


TKUfTOK   AMD   BLACK   BtVBH. 

The  rocks  of  these  formatiffns  are  limestonee.  The  areas  of  the 
former  are  limited  and  have  been  recognized  at  but  two  places  in  the 
map-sheet.  Of  these  the  most  westerly  is  on  the  shores  of  Clear  lake 
already  referred  to,  where  broad  ledges  of  the  limestone  nnderlie  the 
Utioa  shalae  on  the  south-west  corner  of  the  lake  and  extend  for  some 
distance  westward.  They  are  exposed  for  about  one  mile  and  a  half 
along  the  shore  or  to  the  point  where  the  rood  turns  south  up  the 
mountain  to  the  Opeongo  road.  This  area  is  referred  to  in  the  report 
of  Mr.  Ifturay  for  the  year  1863,  The  limestones  can  be  traced  south- 
ward from  the  lake  rood  near  the  west  end  for  a  oouple  of  hundred 
yards  where  they  appear  to  rest  upon  the  crystalline  rocks.  They  con- 
tain the  characteristic  fossils  of  the  formation,  and  are  in  a  horizontal 
position,  without  evidence  of  faulting. 
Trenton  1'he  second  area  of  Trenton  is  in  the  eastern  part  of  the  map-sheet 

and'^untler  '"  *''*  *o''"i"'''P*  <>'  Nepean  and  Huntley.  They  here  form  a  narrow 
belt  extending  from  the  vicinity  of  the  Canadian  Focilic  railway  at 
Stittsville  to  the  vicinity  of  Antrim  which  is  two  miles  south  of  Kinburn 
station  on  the  Canada  Atlantic  railway.  The  rocks  of  the  formation 
pass  downward  directly  into  the  limestones  of  Black  River  age,  and 
only  the  lower  portion  of  the  formation  is  apparently  here  represented, 
since  the  transitional  form  receptamilites  is  recognized  at  several  points. 
In  the  eastern  part  of  Huntley  township  the  formation  is  somewhat 
thicker.  The  breadth  of  these  rocks,  as  seen  on  the  rood  south  ot 
Marathon  on  the  line  between  Huntley  and  Fitzroy,  is  nearly  three 
miles,  though  there  is  some  difficulty  in  fixing  the  exact  limits  of  the 
formation.  South  from  Huntley  post-office  the  breadth  of  the  formation 
is  a  little  greater,  but  over  much  of  this  township  there  ore  exten- 
sive deposits  of  clay,  so  that  the  area  of  the  Trenton  limestones  is 
somewhat  conjectural,  being  determined  partly  by  scattered  outcrops. 
The  strata  lie  everywhere  in  nearly  horizontal  layers  and  where  expo- 
sures occur  their  age  is  recognized  by  characteristic  fossils. 

Another,  bat  smaller  area  of  these  limestones  is  found  on  the  crest 
of  the  ridge  north  of  the  Canadian  Pacific  railway  between  Faksnham 
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«iid  Snedden's  crossing.  They  rest  upon  the  Bl»ck  River  limestooefl 
and  the  exposures  are  visible  on  either  side  of  the  line  between  ihe 
townships  of  Ramsay  and  Pakenham,  with  an  approximate  length 
from  east  to  west  of  abont  one  mile  and  a  half,  by  half  to  three  fourths 
of  a  mile  in  breadth. 

Hie  Black    River   limestones   have   a  much  f^eater  development.  Blaak  River 
They  occur  at  a  number  of  places,  sometimes  as  isolated  outcrops  of 
comparatively  small  extent,  but  in  other  places  in  the  eastern  part  of 
the  area  these  rocks  can  be  traced  continuously  for  over  twenty  miles. 

Among  the  smaller  areas  may  be  mentioned  the  vicinity  of  Clear  Clear  l»ke 
lake  in  Sebastopol  township,  where  in  the  flat  country  to  the  west  '^^^'^■ 
several  good  exposures  can  be  seen.  Among  these  is  a  point  near  to  and 
on  the  rood  a  short  distance  vest  of  Clear  lake  post-offioe  where  these 
limestones  form  a  low  escarpment,  resting  against  the  crystalline  rooks 
which  show  on  the  north.  Further  west  on  a  road  going  south  from 
a  point  about  three  miles  west  of  the  lake,  good  uxpoaures  of  the  mu- 
sive  limestones  are  seen  near  the  base  of  the  Brudenell  ridge.  The 
oonntry  from  the  lake  westward  in  this  direction  is  generally  low  and 
the  formation  apparently  occupies  a  considerable  area,  the  wester  limit 
of  which  cannot  be  ascertained  owing  to  the  piesenoe  of  drift  sand. 
That  it  at  one  time  extended  over  a  much  greater  area  than  now  exists, 
is  shown  by  the  finding  of  outcrops  of  similar  rocks  several  miles 
further  west  on  the  road  leading  from  KUlaloo  village  to  Brudenell 
poetoSoa  The  several  occurrences  of  the  Black  River,  Trenton  and 
Utica  in  this  area  are  all  apparently  of  no  great  thickness,  since  they 
do  not  include  in  all  more  that  a  couple  of  hundred  feet  in  vertical 
section. 

On  the  Opeongo  road  which  extend?  westward  from  the  village  of  opeon^ 
Dacre  across  the  Brudenell  hills,  another  isolated  outcrop  of  these  "^■ 
rooks  is  seen  resting  upon  gneiss  and  crystalliiie  limestone  with  an 
exposed  area  of  about  one  mile  in  length  by  a  fourth  of  a  mile  in 
breadth.  The  beds  are  well  seen  in  a  knoll  about  three  miles  east  of 
the  end  of  Clear  lake  near  the  point  where  tlie  road  is  crossed  by 
Constance  creek.  They  occur  for  the  most  part  north  of  the  road,  but 
there  is  a  small  outcrop  on  the  Opeongo  road  also.  No  higher  rocks 
were  observed  at  this  place. 

Further  eaat^  on  tl)e  north  side  of  Calabogie  lake  in  the  township  of  CaluboKie 
Bagot,  along  the  road  leading  past  the  north  side  of  the  lake  to  the  ^^'^■ 
High  Falls  of  the  Madawaaka  river,  there  is  another  small  area  of  the 
Black  River  limestone  which  also  appears  on  the  south  side  of  the 
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Ukfl  near  B(irr7T«le  statuu  bdcI  eztenda  for  »  mile  or  mora  to  tiissoa^ 
of 'that  place. 

Oa  the  roads  west  of  Aahdod  station  on  the  Kingston  and  Pembroke 
railway  there  ie  also  another  small  outlier  which  occnpiea  the  crest  of 
the  ridge.  At  all  these  places  the  formation  is  easily  recognized  bjr 
the  litholc^cal  character  of  the  rock  as  well  aa  bj  the  contained 
fossils. 

The  distribution  of  the  Paleozoic  formationa  along  the  Ottawa  river 
.  has  already  been  stated  in  a  preceding  report,  since  the  greater 
oiimber  of  these  outliers  is  fonnd  in  the  map-aheet  adjacent  on  the 
north.  Along  the  Ottawa  itself  in  the  eastern  part  of  the  present  map- 
sheet  there  is  a  large  area  of  the  same  rocks  extending  to  the  sontii 
and  forming  a  broad  and  well-de&ned  basin.  This  is  separated  from  the 
Ottawa  below  Amprior  by  a  prominent  ridge  of  the  crystalline  rooks, 
consisting  of  granite,  gneiss  and  limestone,  which  extends  eastward 
to  within  about  ten  miles  of  Ottawa  city,  and  divides  the  Paleozoic 
basin  of  the  river  from  that  which  occnpiea  portions  of  the  townships 
of  UcNab,  Fitzroy,  Ramsay  and  Huntley,  and  thence  extends  south 
to  the  St.  Lawraooe. 

In  this  large  basin  all  the  I^dnozoic  formations  wn  represented  from 
the  Medina  to  the  base  of  the  Potedam  sandstone. 

The  ontlien  of  the  Trenton  in  thia  area  have  already  been  referred 
to.  As  to  the  remaining  formations  of  the  series  th^e  are  freqnently 
intimately  associated  through  the  agency  of  faults  which  traverse  the 
area  in  several  directions. 

South  of  Sand  Point,  five  miles  west  of  ihe  town  of  Amprior,  the 
Chazy  shales  seen  along  the  Ottawa  are  capped  by  the  limestones  of 
that  formation,  hot  the  upper  part  of  the  ridge,  rising  to  an  elevation 
of  about  one  hundred  feet  above  the  river,  is  composed  of  Black  River 
limestone  which  is  well  seen  on  the  south  side  of  this  ridge  in  broad 
ledges  in  places  filled  with  the  fossil  TVacJtum^rotum.  Fromaqaarry 
on  the  south  slope  other  charaoteristio  fossils  hare  also  been  obtained. 
South  of  this  ridge  the  country  is  flat  for  some  miles  and  day-covered, 
but  masses  of  red  granite  appear  at  intervals,  so  that  the  Palieozcao 
formations  do  not  probably  extend  in  this  direction  much  beyond  the 
limit  of  the  ridge  itself. 

South  of  Arnprior  on  the  road  to  White  lake  which  is  about  eight 
miles  distant,  the  country  for  nearly  five  miles  is  largely  clay-coveredi 
but  in  the  valley  of  the  Madawaska  the  crystalline  rocks  show  in  (he 
bed  of  the  stream  for  a  short  distance  above  the  town.   The  underlying 
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rocks  are,  tor  the  most  part  concealed,  but  moasea  of  corals  are  found 
someUmes  in  the  bed  of  the  atream  which  indicate  the  probable  pre- 
sence of  Black  Hirer  limestones  at  no  great  distance.  About  five  miles  Ercarpuwnt. 
sonth  of  the  town  a  somewhat  prominent  escarpment  of  these  lime* 
stones  comes  to  view  and  holds   the  characteristic    foesUs    of    the 
formation  at  many  points.     These  limestones  apparently  rest  upon     • 
the  crystalline  rocks  of  the  Hastinf[B  series,  from  which  they  are  pro- 
bably separated  by  a  faalt   estending  west  from  Fakenham  along 
the  face  of  the  ridge  of  crystalline  rocks.     The  northern  margin  of  Liiuiu  of  the 
this  Black  Biver  area  is  also  terminated  by  another  fault  which  divides  ^rea. 
the  lime&tonee  from  the  Caloiferoos  formation.    The  western  boundary 
is  concealed  by  heavy  deposits  of  marine  clays  and  the  relations  to 
the  underlying  crystallines  are  not  seen.     North  of   this   area  and 
west  of  Amprior  for  several  miles  are  a  number  of  scattered  ontliers  of 
the  Calciferous  dolomite  which  rest  upon  the  crystalline  limestone  and 
sometimes  on  granite,  but  these  do  not  appear  on  the  western  margin 
(tf  the  Black  River  basin,  so  that  it  is  possible  the  formation  may  also 
be  terminated  by  faults  on  all  sides.     At  Pakenham  village  the  Black  Fouili. 
Biver  limestones  are  well  seen  in  the  bed  of  the  Mississippi  river 
where  they  hold  an  abundance  of  corals  such  as  Columnaria  SalU 
with  AeUnocertu  Bigtbyi  and  other  forma  characteristic  of  the  forma- 
tion. 

These  rocks  are  separated  by  a  well  marked  fault  from  the  Calcifer-  Fuilt. 
ODs  dolomite  at  this  place,  the  latter  showing  in  brood  ledges  along 
the  south  side  of  the  river  and  passing  down  into  the  Potsdam  sand- 
stone a  short  distance  to  the  east. 

In  tlie  townships  of  Fitcroy  and  Huntley  several  of  the  formations 
are  exposed,  ranging  from  the  base  of  the  Potsdam  sandstone  to  the 
Trenton.  The  Black  River  limestone  is  conspicuous  at  a  number  of 
places  and  is  a&ected  by  faults,  some  of  which  are  important. 

The  northern  limit  of  the  basin  of  these  rooks  is  apparently  defined  ^o^thnu 
by  the  great  fracture  which  extends  north-weet  from  near  FallowSeld  ukckRivec 
in  Nepean  township  on  the  east,  and  which  follows  Uie  southern  flank  '<™^^"^' 
of  the  ridge  of  crystalline  rocks  in  the  direction  of  Arnprior. 

On  or  near  this  line  of  fault  the  Black   River  limestones  are  seen  Faults 
along  the  road  which  follows  the  town  line  between  Huntley  and  "^'"^'^ 
March  townships  on  lots  8  and  9,  range  I,  of  the  latter,  in  contact  with 
the  ridge  of  crystalline  rocks. 

Fnrther  west,  just  south  from  Carp  river  crossing,  on  the  road 
south  from  Carp  village  a  small  outcrop  is  also  seen,  showing  the  con- 
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tinaancs  of  the  looks  of  the  sune  fomutioD  in  thii  direcUon  ia  close 
proximity  to  the  anderljimi  oryBt&llinn. 

Pftssing  into  the  townahip  of  Fiterojr,  aimilar  BlAck  River  limesUmee 
are  well  exposed  in  &n  esoarpment  in  which  a  quarry  ia  located  on 
lots  3  and  3,  range  IX,  also  near  the  ridge.  The  dip  of  the  lime- 
stone at  this  place  is  N,  W.<10°,  but  it  becomes  revereed,  a  abort 
distance  to  tbe  west,  to  8.E.  <4*. 
t  of  The  western  limit  of  this  Black  River  baain  is  a  short,  distance  west 

Kinburn.  of  the  road  leading  from  Kinbum  to  Fakenbam.  Tbe  limeetones  are 
seen  in  the  bed  of  a  small  brook  a  short  diatanoe  north  of  tbe  village 
of  Antrim  and  are  well  exposed  along  the  road  south-east  from  that 
place  between  ranges  III  and  IV  ;  bat  tbe  sonthem  edge  of  tbe  escarp- 
ment of  these  rocks  is  found  a  short  distance  south  of  this  road,  siuce 
the  underlying  Chazy  ia  well  exposed  in  a  quarry  on  range  III,  lot  4, 
about  300  paces  south  of  the  road  east  from  Antrim.  The  Chazy  rocks 
do  not  apparently  reach  the  road  south  from  Marathon  to  Fanmure 
which  is  along  the  town  line  of  Huntley  and  Fitzroy,  as  the  Black 
River  rocks  are  exposed  all  aloug  this  road  coming  out  from  beneath 
the  Trenton  capping,  about  one  mile  or  so  north  of  Paamare  comer. 

From  this  place  they  are  exposed  in  an  apparently  unbroken  belt 
both  to  the  east  and  west,  in  the  latter  direction  reaching  the  village 
of  Fakenbam  and  eastward  extendin((  across  Huntley  into  Ghiulbonm 
townahip  where,  on  tbe  town  line,  they  have  a  breadth  of  rather  more 
than  two  milea,  capped  by  Trenton  on  the  north  of  the  Stituvilte  area 
and  underlaid  by  the  Chazy  limestones  oo  tbe  south.  The  breadth  of 
this  Black  River  basin,  with  its  overlying  Trenton  capping  in  the 
townibip  of  Huntley,  is  about  six  milea. 

A  third  area  of  tbe  Black  River  limeatonea  is  seen  along  tbe  north 
side  of  the  Missisaippi  river,  extending  eastward  from  Fakenbam  to 
tiie  north  of  Almonte.  It  is  afiecled  by  faults  all  along  its  northern 
margin  which  separate  the  limestones  of  tbe  formation  from  the 
Potsdam  sandstone  on  lots  14  to  20,  ranges  XI  and  XII,  and  in  con- 
nection with  this  is  a  small  outcrop  of  the  ciyatalline  rocks,  consisting 
of  granite,  gray  gneiss  and  limestone  which  appears  on  tbe  line  between 
theae  two  ranges  on  lots  19  and  20.  Tbe  southern  margin  is  separated 
from  tbe  Colciferons  by  a  fault  at  Fakenbam  village,  but  further  east  it 
ia  marked  by  tbe  underlying  Chazy  limestones  on  tbe  loads  north  of 
Snedden  station  on  tlie  Canadian  Pacific  railway  and  to  ^e  north  of 
Almonte.  The  eastern  limit  of  this  area  is  apparently  about  lots  6  and 
9,  range  XI,  Huntley.  Several  faults  are  seen  along  the  north  side 
of  the  Mississippi  river  to  the  south-east  of  Pakenham  village.  Through- 
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out  the  extent  of  these  outliers  and  basins  the  charaoteristic  fossib  of 
the  formation  are  readily  recognized. 


Where  possible  the  Chazy  Ehales  which  reprweot  the  base  of  this  "^"y 
formation  have  been  separated  from  the  limeetoDes  of  the  upper  portion,  limescoiie. 

These  have  not  been  recogniznd  at  any  of  the  isolated  outliara  in  the 
weBtem  portion  of  the  area  comprised  in  map-sheet,  No.  119,  bub 
they  have  a  somewhat  wide  spread  development  in  connection  with  the 
great  Fakeozoic  basin  of  the  Ottawa  district. 

Near  the  Ottawa  river,  in  the  township  of  Torbolton  the  lower  shales  Ottawa  river 
appear  on  the  south  shore  of  the  river  nearly  two  miles  east  of  Berry's  wharf. 
wharf  where  they  rest  upon  the  Caiciferons  dolomites,  the  lowest  beds 
consisting  of  a  rather  coarse  gritty  sandHtone.     The  strata  have  a  low 
dip  of  two  to  three  degrees  to  the  north,  and  are  capped  inland  a  short 
distance  to  the  sou^  by  the  limestones  of  the  formation  which  form 
the  crest  of  the  ridge  south  of  the  wharf  and  extend  southward  to  the 
depression  occupied  by  Constance  lake  and  creek.    They  here  form  the  Contacts. 
highest  member  of  the  Paleozoic  series  lying  to  the  north-east  of  the 
ridge  of  crystalline  rooks  which  extends  from  Amprior  to  the  town- 
ship of  Much. 

Further  west  the  same  succession  of  shales,  capped  by  limestones,  Area  near 
occurs  to  the  east  of  Sand  Point  above  the  town  of  Amprior,  the 
relations  of  which  will  be  pointed  out  in  the  report  on  the  Ottawa 
river  as  represented  on  map-sheet  No.  122. 

The  principal  areas  of  these  rocks  are  found  in  the  townships  of  ^"^ 
FitEToy,  Ramsay,  Huntley  and  Beckwith.  Id  the  first  named  town-  Ottawa  river, 
ship  they  apparently  underlie  the  Block  River  basin  on  the  west,  and 
are  in  contact  with  the  rocks  of  the  northern  ridge  by  a  fault  already 
described.  They  form  a  tongue  extending  south-east  from  the  niod 
leading  to  Pakenham  from  Antrim,  where  they  separate  the  two  areai 
of  the  Black  River  basin,  on  the  west. 

East  of  Pakenham  they  are  exposed  at  several  points  along  the 
north  side  of  the  Mississippi  river,  and  at  Almonte  the  shales  at  the  base 
are  seen  in  onttings  on  the  line  of  the  Canadian  Padflc  railway,  as 
well  as  on  the  north  bank  of  the  river ;  but  in  the  northern  partof  the 
town  these  are  overlaid  by  the  Chazy  limestone  which  is  exposed  as 
far  north  as  the  south  line  of  Huntley  township,  where  it  passes  beneath 
the  Black  River  formation. 
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At  Appleton  aIbo  the  sh&Iea  ftre  well  Men  on  the  north  aide  of  the 
Misaiaaippi  river  along  the  roadt^  &nd  thenoe  east  they  oontinne  into  the 
township  of  Beckwith;  where,  althoDgh  the  surface  is  lai^ly  occupied 
b;  drift,  they  m&y  be  traced  by  occaaion&l  outcrope  to  the  north  of 
Blacks  cornera  as  far  south  as  the  liae  between  ranges  V  and  VI,  in- 
cluding in  this  part  of  the  basin  the  valley  of  the  Jock  river.  The 
shales  are  also  well  exposed  at  Ashton  village  in  the  bed  of  this  etream 
and  they  fonn  a  well-defined  band  in  Goulboum  township  extending 
east  from  this  place  to  the  road  from  Biohmond  to  Perth,  the  contact 
with  the  overlying  limestones  being  seen  on  the  road  suuth-weet  of 
Monster  village  at  the  crossing  of  the  Jock  and  on  the  road  near  Dyers 
Hill,  a  short  distance  to  the  north-east  of  the  crossing  of  the  same 
stream. 

Their  contact  with  the  underlying  Calciferous  is  also  welt  seen  near 
DyeiB  Hill  poat-offiee  and  on  the  Jock  river  a  short  distance  east  of 
Aahton  village.  The  outline  of  tJie  formation  is  somewhat  irregular, 
following,  to  some  extent,  the  surface  contours. 

Id  ooiuection  with  the  ftiult,  which  extends  aouth-east  from  Faken- 
ham  Bcroes  the  southern  part  of  the  township  of  Huntley,  the  Chs^ 
limestone  is  seen  on  the  road  south-west  of  Fanmure,  and  is  underlaid 
by  the  shales  which  are  exposed  in  the  bed  of  a  brook  on  the  line  bet- 
ween ranges  X  and  XI,  lots  22  and  23.  They  here  overlie  the  Calci- 
ferous dolomites  which  are  cut  off  against  the  Black  River  formation 
by  the  fault  in  connection  with  the  outcrop  of  the  crystalline  rocks  of 
Hantley,  already  referred  to.  It  is  probable  that  another  fault  comes 
in  on  the  north,  which  crosses  in  a  soutb-weet  direction  a  short  dis- 
tance to  the  south  of  West  Huntley  ohnrch,  on  lot  ]  5,  range  IX,  since 
the  Calciferous  at  this  place  is  in  close  proximity  to  the  Black  River 
limestones,  which  form  a  somewhat  prominent  escarpment  in  this  direc- 
tion, extending  westward  to  Fanmnre  corner.  This  area  in  southern 
Huntley  appears  to  be  much  affected  by  faulting,  and  the  several  for- 
mations are  broken  off  abruptly  at  a  number  of  points. 

East  of  West  Huntley  post-office  this  faulted  area  appears  to  die 
out  and  the  relations  of  the  Chazy  and  Black  River  formations  are 
more  regular.  The  limestones  of  the  former,  here  comprise  a  somewhat 
extenrive  area,  occupying  the  greater  portion  of  the  township  of  Ram- 
say north  of  the  Uississippi  river,  the  south-eastern  part  of  Huntley, 
and  the  south-western  portion  of  Qoulbourn,  with  a  breadth  of  about 
six  miles  on  the  line  between  Huntley  and  Ooulboum,  and  thence 
south  ;  while  the  area  extends  eastward  across  the  latter  township  to 
the  vicinity  of  Richmond. 
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CALCIFKROUS  AND   POTBDAH. 


The  Caloiferoao  dolomite  Mid  Potodam  mndatone  m*;  here  be  Calcifarous 
deacribed  together  since  the  former  pusee  down  into  the  latter  through  ""^  Fotwl'm- 
traneition  beda,  the  thickneee  of  vhioh  ranges  from  20  to  30  feet. 

The  areas  of  these  fonnatioQB  are  entirely  confined  to  the  eastern  Amprior. 
portion  of  the  map-sheet.  The  dolomites  of  Calciferous  age  are  ex- 
posed at  Amprior,  resting  in  patches  on  the  crystalline  limestones  of 
that  place.  They  are  in  contact  with  these  by  a  fault  in  the  western 
part  of  the  town  and  a  deposit  of  hfematite  ocoars  which  was 
mined  some  years  ago  along  the  line  of  junction.  Their  extension 
west  in  the  vicinity  of  the  Bonnecb^re  will  be  described  in  the  report 
on  that  area,  comprised  in  map  sheet,  No.  122. 

Blast  of  Arnprior  in  the  district  between  the  Canadian  Pacific  and 
Canada  Atlantic  railways  the  dolomites  apparently  occupy  a  triangular- 
shaped  area  extending  eastward  as  far  as  the  Mississippi  river  and 
underlying  the  Chazy  and  Black  Kiver  of  the  Hontley  basin.     The  Faults. 
exposures  are  few,  and  to  the  south-west  the  Caloiferons  is  apparently 
bounded  by  a  fault  which  divides  it  from  the  Slack  River,  while  to 
the  north  it  rests  upon  the  crystalline  rocks,  though  probably  a  fault 
extends  along  the  southern  flank  of  this  ridge,  since  there  is  a  sniall 
outcrop  of  Potsdam  sandstone  on  the  crest  of  this  ridge  near  the  line 
between  ranges  X  and  XI,  Fitzroy,  on  the  road  northeast  from  Kin- 
bum,  on  lota  10  and  1 1,     This  place  is  at  an  elevation  of  200  feet  or  Futadun 
more  above  the  valley  of  the  Carp  at  Kinbnrn,  where  Black  River  Kjobanu 
limestone  oconra. 

In  TorboltoD  and  March  townships  the  dolomites  are  exposed  at  a  Torbolton 
number  of  places.  They  form  a  continuous  belt,  extending  south-east  *"  "* 
frCHu  Fitzroy  vill^e  at  the  mouth  of  the  Carp  river,  on  the  Ottawa,  to 
the  shores  of  the  Ottawa  river  west  of  Britannia.  They  are  well  seen 
on  the  roads  which  cross  the  flat  country  in  which  Lake  Constance  is 
situated,  and  rest  upon  Potsdam  sandstone  to  the  south  of  March 
corners  and  thence  west  to  Rilmanrs  post  office.  The  Potsdam  sand- 
Htooe  terminates  in  this  direction  at  the  line  between  Fitzroy  and 
Torbolton  townships  at  about  lot  12  of  the  former.  The  sandstones 
continue  theuce  eastward  along  the  northern  flank  of  the  ridge  of 
crystalline  rocks  in  a  narrow  belt,  passing  up  into  the  dolomito  in 
the  township  of  March. 

Sooth  of  this  ridge,  the  sandstone  and  dolomito  are  brought  to  view  Fanit*. 
by  the  fault  in  the  southern  part  of  the  township  of  Huntley.     They 
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aro  exposed  mt  intervftla  on  ranges  IX,  X,  XI  and  XII,  exlending  from 
lot  1 2  to  23,  their  Bouthern  mar^n  beiog  terminated  by  a  fault  for  the 
whole  distance  which  aepurates  these  rockB  from  the  Black  Hirer 
limeatones. 

The  BOnthem  margin  of  these  formations  rests  npon  the  great  area 
of  crystalline  rocks  which  occupy  the  principal  portion  of  the  area 
comprised  in  the  map  sheet.  From  Fakeoham  east,  the  lowest  mem- 
bei  f  the  FuUm^oic  formation  is  the  Potsdam  sandstone  which  is 
seen  at  frequent  intervals  as  far  as  the  shores  of  Hiesisaippi  lake. 
The  sandstone  belt  is  irregular  in  outline  following  the  sinnoeitiea  of 
the  underlying  crystallines  which  evidently  formed  an  old  shore  line 
at  the  commencement  of  PaUeozoic  time. 

From  the  upper  end  of  Mississippi  lake,  through  the  western  part  of 
the  township  of  Drummond,  the  sandatone  is  concealed  and  the  dolo> 
mite  rests  npon  the  edges  of  the  crTstalUne  rooks  ;  bnt  approaching  the 
town  of  Perth  the  sandstone,  with  an  occasional  mass  of  arkoae  or 
coarse  conglomerate,  again  appears.  To  the  sonth-weet  of  Perth  the 
sandstone  extends  through  the  southern  part  of  the  township  of 
Batbnrst  almost  to  the  shores  of  Christie  lake,  forming  a  belt  from 
one  to  two  miles  in  breadth.  A  southern  arm  of  this  Potsdam  basin 
extends  south  from  the  Scotch  Line  poeb-offioe  into  Korth  Burgees 
reaching  as  far  in  Uiis  direction  as  Black  lake. 

East  of  Perth  the  sandstone  occupies  the  southern  part  of  the  town- 
ship of  North  Etmsley  and  is  well  rxpoeed  around  the  lower  end  of 
Ridean  lake,  extending  as  far  east  along  the  Rideau  river  as  Smith  Falls. 
It  pasaes  upward  into  the  Calciferons  dolomite  on  all  sides,  the 
latter  being  the  prevailing  rook  over  the  townships  of  Beckwitb, 
Drummond,  South  Elmsley,  Montagoe  and  tbence  out  to  the  St, 
Lawrence  at  Prescott  and  Brockville. 

Over  certain  parts  of  this  Caloiferoos  area  the  denudation  of  these 
rocks  has  been  such  as  to  expose  the  underlying  sandstones  or  transi- 
tion beds  at  a  number  of  points.  It  is  from  these  transition  strata,  in 
which  the  sandstone  becomes  in  places  quite  calcareous,  that  the  best 
fossils  are  to  be  obtained,  since  through  the  process  of  weathering,  the 
organism:;,  which  are  silicified,  stand  out  from  the  layers  and  can  be 
readily  removed. 

The  lowest  beds  of  the  Potsdam  in  places  are  a  somewhat  coarse 
conglomerate  or  arkose,  the  pebbles  of  the  crystalline  rocks  sometimes 
b«ng  large  masses  up  to  two  feet  in  length.  These  are  cemented  by  a 
coarse  sandy  and  sometimee  calcareous  paste.     While  the  sandstones 
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u  K  rule  are  graybh  or  Bometdmes  jellowish-graj  ;  in  places  they  ore 
c^ten  oolonred  red  throagh  the  preeeam  of  hematite.  This  Bometimea  Iron  on. 
aasnmes  the  form  of  ore  depoaita  of  this  mineral,  capable  of  being 
mined.  Tfaeee  deposits  are  osnallj  in  the  form  of  irregular  pock^a 
and  vary  in  quality  from  impregnated  Bandatonee,  in  which  the  silioeoDB 
matter  predominatea  to  an  iron  ore  of  considerable  purity. 

The  character  of  the  sandstones  and  oveilying  formations  in  thi» 
district  has  been  given  in  the  earlier  reports  of  the  G«o]ogical  Sarv^, 
much  information  being  contained  in  the  GeoI<^  of  Canada,  186S, 
and  in  the  several  reports  by  Mr.  H.  O.  Yenoor  from  1869  to  1874, 
as  also  in  that  by  Mr.  A.  Murray,  for  1853. 

TEE  CBT8TALLI1TS   BOGXS. 

The  work  of  the  Survey  on  the  crystalline  rocks  of  this  diatriot  "nm 
dates  back  for  nearly  fifty  years.     The  first  exploration  in  the  region  ^^ 
was  undertaken  by  Mr.  A.  Murray  in  1852-53  or  only  nine  years  after 
the  oommenuement  of  the  work  of  the  Geological  Survey  in  Canada,  in 
the  area  a  short  distance  west  of  that  contained  in  the  present  mm^ 
sheet.     In  that  year  a  traverse  was  made  of  the  district  north  from  Work  by 
Kingston,  by  the  chains  of  lakes  which  intersect  the  country  in  all  '°"V- 

direotioQB,  to  Sharbot  lake,  and  thence  it  was  continued  through  ths 
townships  of  Olden,  Obo  and  Kennebec,  the  return  journey  being  mada 
by  way  of  several  rivers  and  lakes  to  the  St.  I*wrenoe  at  Bellevillai 
The  results  of  this  field-work  are  given  in  the  report  for  1852-53.  In 
this  report  the  term  lAureatian  which  had  shortly  before  been  devised 
by  Sir  W.  E.  Logan,  to  cover  a  large  portion  of  the  crystalline  series 
iD  Canada,  was  employed. 

The  second  exploration  in  the  western  part  of  the  area  was  in  1865  Mr.  T. 
and  was  carried  out  by  Mr.  Macfarlane.  This  was  undertaken  prima- 
rily with  the  object  of  asoertaiaing  the  value  of  certain  depoeita  of 
hnmatite  wfaieb  had  recently  been  reported  as  occurring  in  this  portion 
of  Ontario.  Mr.  Macfarlane's  exploration  led  to  important  restUta, 
not  only  in  the  finding  of  iron  deposite,  hut  also  as  giving  an  expresaioD 
of  opinion  as  to  the  geological  horizon  of  some  portions  of  the  orystaJ- 
line  rocks  which  had  hitherto  been  classed  under  the  head  of  Iau. 
rentian.  Thus,  in  regard  to  the  occurrence  of  certain  of  thegranita 
masses  wbicb  had  previously  been  regarded  as  altered  or  metamor- 
phosed sediments,  it  is  stated  that  '  It  is  not  in  all  cases  possible,  with- 
out a  careful  study  of  their  attitude,  to  say  whether  these  granite-like 
masses  are  intrusive  rooks ;  as  remarked  on  page  567  of  the  Geology  of 
14_j_2 
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Cuiad&, }  863 ',  "  the  omrse  gTKined  granitoid  and  porphyritio  varieties 
(of  tbe  Laureiitian  GneiaB)  vhich  often  form  mountain  maasea,  some- 
times  have,  at  first  Bif{bt,  but  little  of  the  aspect  of  stratified  rocks,  and 
might  be  taken  for  intrusive  granites.  "  This  remark  arose  doubtleas 
from  the  expression  of  tbe  theory  aa  pat  forth  in  the  Geology  of 
Canada,  1663,  that  the  Laurentian  represented  the  first  groat  develop- 
ment of  sedimentary  rooks  in  a  highly  altered  cooditioo. 

In  describing  certain  of  tbe  ro'.k-formationa  there  met  with,  espe- 
cially as  regards  interoalated  schistose  conglomerates,  which  have 
sinoe  been  recognized  as  an  integral  portion  of  the  Hastings  series  at 
various  pointer  Mr.  Mac&rlane  also  calls  attention  to  the  fact  that 
tbey  are  not  nnlike  soma  of  the  Huronian  rocks ;  and  in  connection 
with  this  Sir  W,  K  Logan  remarks  that  '  the  rocks  of  Marmora  and 
Madoo  and  other  townships  in  Hastings,  have  been  provisioikally 
olaaaed  with  the  Laurentian  series,  with  which  they  appear  to  be 
oonfonnable,  and  in  common  with  which  they  hold  Bozoon  Canadense, 
in  which  however  the  canals  and  interspaces  of  the  fossil  are 
filled  wiUi  carbonate  of  lime,  instead  of  any  of  the  silicates  filling 
them  in  other  parts.  These  Hastings  rocks  may  be  a  higher  portion 
of  the  Lower  Laurentian  series  than  we  have  met  with  elsewhere.  It 
is  not  to  be  inferred  from  the  presence  In  them  of  a  schistose  conglo- 
merate that  therefore  they  are  Huronian.  Some  may  be  disposed  to 
compare  the  Hastings  rocks  with  the  metamorphic  Lower  Silurian  of 
Eastern  Canada,  but  the  micaceous  limestones  of  Hastings  more  closely 
resemble  the  micaceous  limestones  which  run  from  Eastern  Canada 
into  Vermont,  on  the  east  side  of  the  Qreeti  Mountains,  and  which, 
from  their  fossils,  are  known  to  be  Devonian.''* 

The  work  of  Mr.  Macf arlane  was  taken  up  in  the  following  year  by 
Hr.  H.  Q.  Vennor,  who  in,  1866,  began  a  detailed  study  of  the  rock- 
formations  in  this  district  and  continued  the  work  of  mapping  their 
distribution  for  some  years.  The  first  portion  of  this  work  was  con- 
fined also  to  the  area  south  of  the  district  comprised  in  this  map-sheet, 
and  included  the  structure  of  the  several  groups  of  strata  which  bad 
now  become  regularly  known  as  tbe  Hastings  series,  from  the  fact  of 
their  first  being  studied  in  the  county  of  Hastings.  This  work  was 
largely  commenced  from  the  economic  standpoint,  in  order  to  ascer- 
tain the  horizons  at  which  certain  deposits  of  the  metals,  in  which  the 
gold  of  Madoc  and  Marmora,  which  had  recently  come  to  light,  form<id 
an  important  element.  In  so  far  therefore  as  tbe  first  few  years  of 
Vetmor's  work  is  concerned,  it  may  be  regarded  as  beyond  the  scope  of 
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thie  report,  bnt  u  this  exploration  gradually  progresMd  eastward  it 
reached  the  connty  of  Benfrew,  and  finally  the  Ottawa  river,  k>  that 
for  several  years  Veunor's  labours  were  oonfined  to  the  area  now 
under  diacuasion.  As  ia  the  course  of  this  series  of  examinations  the 
rook  formations  first  enoonntered  were  found  to  be  tnoeable  aoroas 
the  entire  distance  from  Hastings  ooanty  to  the  Ottawa,  the  relations 
found  in  the  one  portion  of  the  field  may  be  considered  as  to  a  large 
extent  applicable  to  the  whole.  Subeequently  this  aeries  of  explora- 
tions was  continued  across  the  Ottawa  and  extended  northward  for 
about  ninety  miles  along  the  Oatinean  river,  and  the  other  streams  to 
the  east  of  this,  it  it  reached  the  great  anorthoaite  maaaee  to  the 
north  of  the  city  of  Montreal. 

As  the  result  of  the  study  of  these  rooks  by  Vennor  for  several  Work  tv 
years,  they  were  arranged  under  three  heads,  in  the  Beport  for  1866-69  ^,^ 
styled  respectively  Dirisions  A,  B  and  C  In  the  first  was  placed  a 
great  mass  of  reddish  syenitic  and  granitic  gneiss,  portions  of  whioh 
were  without  apparent  stratification,  and  were  held  to  form  the  base 
of  the  aeries.  Above  this  was  a  series  of  grayish  and  fieeh-colonred 
gnebs,  passing  into  a  mica  schist,  with  some  diorite,  above  which  was 
included  several  hundred  feet  of  cryataltine  limestone,  sometimes 
magnesian,  and  in  which,  at  several  plaoea,  the  remains  of  Eozoon 
were  found. 

The  second  division  oonsisted  of  hornblende  and  pyroxenic  rooks 
with  schists  of  various  kinds,  also  including  diorites  and  beds  of 
magnetite ;  while  the  rooks  of  Div.  C,  comprised  crystalline 
magnesian  limestones,  mica  slates,  quartsitee,  Aa.,  with  some  conglo- 
merates. The  hthological  differences  of  certain  portions  of  these  divi- 
sions from  the  rocka  whioh  were  hitherto  regarded  as  Lower  Laurentian, 
were  at  the  same  time  pointed  out. 

In  the  report  for  1870-71  these  divisions  were  condensed  and  the  'tv^ 
statement  was  made  as  regards  their  probable  hoiizons  that  those  of  <^Ti^oi>a 
division  A  might  be  olaseed  as  lAurentian,  while  divisions  B  and  0 
were  regarded  as  probably  Huronian. 

The  results  of  Vennor's  explorations  appeared  in  several  annual  Veunot^s 
reports,  extending  down  to  1876-77.  In  this  last  his  work  north  ^^^^ 
of  the  Ottawa  is  also  described  and  the  connection  was  made 
between  the  rocks  of  the  Hastings  and  the  OrenvUle  series,  the  one 
being  regarded  as  the  equivalent  of  the  other.  From  the  fact  that  the 
viewa  as  to  the  structure  of  the  lAurentiaa  aiill  maintained  the 
presence  of  an  upper  series  of  Anorthoaites,  at  that  time  considered  as 
14— J— 2  J 
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am  atteoatormahlj  overifiiig  bmim  of  aitend  naUnttBiMej  rocka,  wbidk 
wsn  Buppoaed  to  wp  tbo  OrenTilln  and  Hastings  aeriw  at  BBTeral 
potato,  or  to  constitota  »  portuw  of  tba  Hastings  seriee  to  tbe  soath  of 
the  Ottawa  nrer,  it  became  DAceaaary,  in  order  to  support  the  theory 
already  adranced,  to  plaoe  all  these  rocka,  beneath  the  ADOrtbosites, 
or  in  the  Lower  Lanrenttan ;  and,  in  th«  last  of  th«  reports  alluded  to, 
Vennor  divides  the  crystalline  rocks  of  the  Ottawa  distriot  into  two 
grand  divisions,  viz.,  1st.  a  gnmt  Kooissio  and  syenite  series  withonb 
limeetmies,  and  2nd.,  a  thinner  gneiario  series  with  labradoritee  and 
limMtones,  which  were  capped  by  Ute  Lower  Silurian  sediments  cmn- 
priaing  tita  Potsdam  sandstone  and  other  formations  to  tbe  top  of  the 
Trenton. 
BoKws  One  of  the  meet  importMit  factors  leading  to  tbe  change  of  opinion 

on  the  part  of  Tennor  in  placing  the  rocks,  which  he  was  at  firsb 
inclined  to  regard  as  Hnronian,  in  tbe  Lower  Laurentian,  was  the 
finding  of  Bosoon  in  certain  of  the  limestones  which  he  had  assigned 
to  division  C  ;  and  in  fact,  so  long  as  the  contention  was  maintained 
that  the  preeence  of  this  fossil  was  indicative  of  a  Laarentian  horiBon, 
no  other  scheme  of  classification  was  admissable. 
Di.  Selwyn'i  Although  the  igneous  nature  of  the  Anortboeites  was  maintained  by 
1877-78.  several  of  the  leading  geologists  both  in  America  and  Europe  for  many 

years  prior  to  tills  work  in  Canada,  it  was  not  till  after  this  final 
report  of  Vennor's  bad  been  published,  that  this  view  was  adopted  by 
t^e  head  of  the  Canadian  Survey.  Thus  in  1677-78,  Dr.  8elwyn,  from 
a  study  of  the  work  of  Vennor,  as  contained  in  his  field  notes  on  the 
area  north  of  Hontraal  for  that  year,  expressed  the  view  that^  if  these 
observations  were  correctly  made,  the  Anortboeites  should  be  removed 
from  tbe  position  they  bad  so  long  held  as  the  upper  altered  sediment- 
ary portion  of  the  Laarentian,  and  should  be  regarded,  not  as  altered 
sediments,  but  as  igneous  rocks  of  latei'  da'e  than  the  Grenville  and 
HasUngs  series  with  which  tbey  were  associated.  So  mnoh  was  Dr. 
Selwyn  impressed  with  this  new  view  of  tbe  structure,  after  examina- 
tion of  the  facta  then  available,  that  be  reconstructed  the  scheme  oC 
formations  for  the  lower  crystalline  rocks,  by  assigning  to  the  Lau- 
rentian proper  only  the  lowest  series  of  gneiss,  granite  and  syenite 
which  showed  no  trace  of  sedimentation,  while  the  sedimentaiy  gneiss, 
limestone,  quartzit«  and  schists,  which  constituted  the  greater  portion 
erf  the  Qrenvilln  and  Hostinge  series,  was  assigned  to  the  Huronian, 
and  made  the  equivalents  of  the  crystalline  rocks  of  the  eastern  town- 
ships of  Quebec,  a  series  which  hod  been  long  known  as  the  "altered 
Quebec  group.'" 
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The  view  that  the  Anorthotttes  won  nigiiiallj  q£  Badimectaiy  origiii  Mbdifioatioa 
donbUess  arooe  larf[elj  from  the  but  that  »  gneiieic  or  foliated  strac-  ^^^J^*^  ' 
tare  was  Tiaible  in  theae  rocka  at  many  pointi ;  bnt  though  this  change  l^I-^- 
of  view  was  advooated  by  the  then  Director  in  1878,  so  important 
were  the  issues  involved  oonsidered  to  be,  that  l^e  facts  obtained  wen 
not  at  that  time  regarded  faj  him  as  snffioient  to  warrant  altogether  mi 
official  change  of  opinioD,  in  view  apparently  of  the  eapposed  Lanren- 
tian  horizon  of  Eozoon :  and  in  the  scheme  of  nomenclature,  put  for- 
ward in  1881-82,  a  return  was  made  to  the  original  sobeme  of  cluaifi- 
«ation,  the  Laurentian  being  again  divided  into  a  lower,  middle  and 
upper  portion,  succeeded  upward  by  the  Horonian.     Later  the  work  WoAbj 
of  Dr.  Adams  on  the  Anocthosite  areas  north  of  Montreal  conclusively 
showed  that  these  might  be  regarded  as  unmistakably  intrusive  msases 
of  later  date  than  the  rooks  of  the  Orenville  series  with  which  they 
were  associated.    These  rooks  were  thereupon  definitely  removed  from 
their  position  as  the  upper  member  of  the  I^ureatian  system  and  the 
rocks  of  this  eeriee  were  then  arranged  under  two  heads,  viz.,  a  lower    . 
aeriee  comprising  the  lower  division  of  Vennor,  and  an  upper  series 
of  gneiss  and  limestone  with  qnartzites,  Jfc.,  which  were  embodied  in 
the  Orenville  and  Hastings  series. 

•  The  similarity  of  these  two  series  (the  Hastings  and  Orenville)  and  Qranvilleaiid 
their  equivalence  in  point  of  time  was  pointed  out  by  Vennor  a 
back  as  1S76.  In  the  report  for  that  year  be  also  r^ards  the  Anor-  f. 
thoeites  as  constituting  the  upper  member  of  the  Laurentian,  bnt 
«spresRee  doubt  as  to  whether  this  is  the  correct  view  of  the  stractnre. 
Assuming  it  to  be  so  however  for  the  present,  he  otmclnded  that  atl  the 
underlying  rocks,  iucludiog  the  lower  gneiss  and  upper  series  of  gneiss 
and  limestones  must  be  r^arded  as  Lower  laurentian,  the  t«'nn  middle 
laurentian  thus  bung  eliminated  from  the  nomenclature  of  the  subject. 

In  the  mean  time  the  original  contention,  that  the  rooks  of  the  Probably 
Hastings  series  might  be  Huronian  was  still  maintained  by  some  °>"'°°>"^ 
observers.  The  great  resemblance  of  many  of  the  rocks  which  made 
up  the  series  to  certain  rooks  found  in  New  Brunswick  and  in  eastern 
Quebec,  which  had  been  regarded  and  described  in  the  reports  of  the 
former  province  as  Huronian,  was  very  marked,  and  their  study  noder 
the  microscope  showed  that,  as  compared  with  the  rooks  of  the  lower 
granite  gneiss,  the  two  were  lai^;ely  different  in  origin  ;  sinoe,  while  all 
^e  evidence  as  regards  the  latter  went  to  prove  that  large  portions 
were  really  altered  igneous  rocks,  without  any  trace  of  sedimentary 
Btraotnre,  in  the  case  of  the  upper  series  the  evidences  of  sedimentation 
were  very  often  apparent.      In  both  seriee,   however,  large  masses  of 
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rocks,  similar  in  character  to  those  of  the  lower  series,  an  SModated ; 
and  in  many  oaees,  when  their  reUtiocs  oonld  be  dearly  made  out,  it 
was  reoc^niied  that  the  limeetonea  and  associated  gneiss,  with  oertain 
of  the  schiatose  portions  and  conglomentes,  wore  nnoonformable  upon 
die  lower  gneiss,  and  that  the  latter  had  invaded  the  former,  after 
their  deposition  when  presnniabl;  in  a  plastic  condition. 
Dr.  Wany  In   1878  Dr.  Sterry  Hant,   in  his  report  to  the  Second  Geological 

1S78.  Surrej  of  Feonsylvsnia,  reviewed  very  exhaustively  the  whole  subject 

of  the  crystalline  rocks  of  the  United  States  and  Canada  ;  and  in  dis- 
onssing  the  question  of  the  rocks  of  the  Hastings  series  places  them  iu 
the  Huronian  system,  bat  does  not  recognize  their  equivalence  with 
tiie  Qrenville  series,  which  he  still  regarded  as  a  member  of  the  lan- 
reatian.  This  view  of  Hunt's  is  apparently  due  to  the  fact  that  he 
still  regarded  the  Anortfao»ites  as  altered  sediments  which,  however,  h» 
separates  from  the  Laurentian  proper  and  desciibes  under  the  head  of 
Noriao,  bnt  as  beneath  ibe  Huronian  proper.  The  Hastings  seriee  in 
this  case  was  placed  in  the  same  general  group  as  the  rocks  of  the  altered 
Quebec  series,  the  Montalbaa  or  mica  schist  series  of  the  White  Moun- 
tains, and  the  lower  Taconio  of  Emmons  as  occurring  in  the  state  of 
Vermont. 
Logm^  The  peculiar  arrangement  of  the  crystalline  limestones  of  the  Uren- 

limeat^M  ^"'^  series,  as  originally  laid  down  by  Logan  in  his  manuscript  map  of 
49  the  Qrenville  district,  north  of  the  Ottawa  river,  in  which  area  four 
"'  and  possibly  five,  distinct  horizons  of  these  calcareous  rooks  were 
supposed  to  exist,  separated  by  thousands  of  feet  of  reddish  ortboclase 
gneiss,  led  to  what  is  now  regarded  as  an  incorrect  inter^iretation  on 
the  part  of  Vennor  of  the  structure  of  the  similar  rocks  west  of  that 
river.  Thus,  in  the  study  of  the  rocks  of  the  Hastings  group,  Yennor, 
recognizing  that  the  two  series  were  one  and  the  Sfime  in  great  part, 
since  the  limestones  and  associated  strata  of  the  former  were  readily 
to  be  traced  into  the  similar  divisions  north  of  the  Ottawa  from  the 
county  of  Hastings,  endeavoured  to  parallel  the  several  bands  found 
in  the  western  area  with  those  which  had  been  located  in  the  Qren- 
ville district ;  hut  in  this  attempt  mach  difficulty  was  experienced. 
The  tracing  of  these  limestone  bands  for  long  distances  was  not,  in  all 
cases  found  to  be  practicable  ;  for,  while  certain  of  them  could  be 
followed  for  some  miles,  in  other  cases  their  continuity  was  ofieoted 
by  what  appeared  to  be  large  intrusive  mMooa  of  granite,  or  sometimes 
diorite,  which  sometimes  abruptly  terminated  the  bands  or,  in  the 
case  of  the  granites,  deflected  them  from  their  regular  course. 
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In  1891  the  vriter  begsn  the  detailed  examinatioQ  of  the  area  north  Work  of  1S9I. 
of  the  Ottawa,  in  the  typical  distriot  whore  the  rocks  of  the  Oreoville 
aeriee  were  first  studied  ;  and,  in  the  course  of  the  nest  three  years, 
carried  these  explorations  along  tJie  Ottawa  rirer  as  far  west  aa  the 
Rapides  des  Joachim,  about  fifty  miles  west  of  the  town  of  Pembroke, 
an  area  comprised  in  map-sheets  Noa.  121  and  132.  Passing  thence 
to  the  study  of  the  district  south  of  that  river,  the  ezamioation  of 
these  rocks  was  continued  southward  and  westward  along  the  Bonne- 
chere,  th^  Madawaska  and  the  Mississippi  rivers,  and  over  the  interme- 
diate country,  comprised  in  the  sheet  more  immediately  under  discussion 
known  as  No.  119.  At  the  same  time  the  area  embraced  in  the  map-  Work  of 
sheet  adjoining  on  the  west,  which  comprises  a  portion  of  the  district  ud  BmJow. 
first  studied  by  Veonor,  was  imdertaken  by  Messrs.  Adama  and  Barlow. 
The  study  of  the  rocks  in  these  adjacent  areas  has  since  been  consecut- 
ively carried  out,  80  that  the  unravelling  of  the  structure  of  this  com- 
plicated group  of  formations,  pertaining  to  the  crystalline  rocks  in  this 
part  of  the  province,  has  now  reached  a  fairly  satisfactory  conclusion. 
It  may  be  stated  that  the  views  reached  by  the  several  workers  in 
these  fields  are  in  perfect  harmony,  as  regards  all  the  important  points 
of  structure  observed,  the  conditions  found  in  the  two  areas  being 
practically  the  same.  Certain  minor  matters  of  detaO  yet  remain  to  xbe 
be  completed,  but  it  is  hoped  that  the  true  relations  of  the  Hastings  and  ^^^*'*'* 
Orenville  series  to  each  other  have  been  ascertained,  aa  also  thmr 
relations  to  the  great  underlying  granite-gneiss  series,  which  has  for 
some  years  been  held  to  represent  the  fundamental  rooks  of  the  district^ 
and  regarded  as  constituting  what  may  be  styled  the  Laurentian 
proper.  Some  of  these  results  have  already  been  given  to  the  scientific 
world  in  several  papers  presented  to  the  Qeologioal  Society  of  America 
and  elsewhere. 

In  discusidng  the  geological  structure  of  the  area  comprised  in  these  Present 
map-sheets  it  must  be  premised  that  a  close  and  detailed  study  of  ^f^^toJlloe 
■every  portion  is  not  possible.     Large  portions  of  the  district  are  as  '°^- 
yet  not  opened  up  by  roads,  and  even  woodpaths,  which  at   one 
time  existed,  have  now  become  practically  impassible  owing  to  the 
tona%  growth.     Often  the  underlying  rocks  are  concealed  by  large 
deposits  of  sand  and  loam,  so  that  the  extension  of  certain  banda  which 
are  observed  at  widely  separated  intervals  must  be  largely  oonjectDnl. 

The  rocks  in  the  area  now  being  considered  may  be  roughly  divided 
into  severBl  groups  as  follows. 

1st.  Qranite-gneiss  and  syenite    which   apparently    represent   the 
oldest  series  upon  which  the  others  rest. 
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Sad.  GueiaB,  oftsn  gr»7iafa  or  raddlsh-gray,  HmetiinM  highly  qnartz- 
flse  uid  garaetiferana,  but  of  Tkrious  shadea  of  txdonr,  oertun  portioiu 
of  whioh  pass  upward  into  lioiMtoaeB. 

3rd.  Amphibolites  with  sohiBta,  aometimea  micaceouii,  sparkling  and 
gUstening,  often  containing  garnets,  at  other  times  cbloritic,  hom- 
blendic  or  dolomitic,  with  altered  slates  and  tme  conglomerates  and 
Kmes  tones. 

4th.  Granites  and  diorites,  some  of  which  are  clearly  iatrusive  and 
newer  than  the  rocks  which  they  penetrate. 


THB   UNDEBLYIKQ  GBANITK-QirElBS  SEBIBB. 

Thcitranite-         In  all  the  reports  on  this  area  the  rocks  of  this  division  have  bean 
"^  recognized.     They  bavn  been  regarded,  in  the  main,  as  representing 

the  oldest  or  fundarnental  gneiss,  and  as  constituting  what  iios  been 
frequently  styled  the  lowest  Laurentisn. 
Mr.  A.  In  the  report  of  Murray,  1853,  on  the  country  along  the  Fetawawa 

Monay,  18S3.  ^,g,.  ^^^  (^  i\^g  south  and  weet,  Uie  existence  nf  this  lowest  granite 
gneiss  was  pointed  out.  Over  great  portions  of  this  area  there 
appears  to  be  an  almost  entire  absence  of  the  limestone  and  gneiss  of 
the  upper  division,  which  are  the  predominant  rocks  of  the  QrenviUe 
and  Eastings  series.  Along  the  north  side  of  the  Ottawa  river,  these 
newer  rockn  come  in  opposite  the  lower  end  of  Allumette  island,  the 
limestones  first  showing  about  two  miles  west  of  the  mouth  <d 
Black  River  and  extending  for  some  miles  along  the  course  of  that 
itream  northward.  Along  the  north  side  of  Allumette  Island  from  the 
village  of  Chapeau,  and  on  the  roads  along  both  sides  of  the  Ottawa, 
in  the  vicinity,  the  reddish  granite-gneias  is  the  prevailing  rook. 

This  old  granite-gneiss  is  also  well  exposed  along  the  upper  part  of 
the  Bounech^re  above  Golden  Lake,  further  to  the  south  ;  and  oMi- 
tinuing  in  it.a  course  it  occupies  a  large  area  in  the  west  and  norUi* 
west  portion  of  the  map-sheet  under  discussion.  In  this  direction  it  is 
well  exposed  in  the  lownships  of  Lyndoch,  Abinger,  Denbigh,  Griffith 
and  in  portions  of  Metawatohan  and  Brougham,  in  all  of  whioh  the 
rock  is  largely  grayish  or  reddish-gray  granite-gneiss. 

In  certain  portions  the  foliation  is  well  defined,  but  in  other  places 
it  becomes  indistinct ;  and  the  rock,  as  a  whole,  presents  very  different 
physical  features  from  those  that  are  found  in  the  banded  gneiss  of  the 
Grenville  and  Hastinga  aeries.  Throughout  the  areas  just  duignated 
the  limestones  of  the  upper  series  are,  for  the  most  part,  lacking,  and 
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where  titey  do  occur  their  ext«it  is  very  small  u  «<»ii|»red  wiiJi 
the  great  masaee  which  are  found  elsewhere.  In  places  the  lime- 
«toae  appe»rs  to  reet  upon  the  old  granite-gneias,  bat  at  others 
it  is  aaaociated  with  «  series  of  sohists,  amphibolites  aad  gneiases, 
which  sre  sometimeB  very  gMmetiferoas,  and  which  in  turn  rest  apcm 
tiie  uaderlying  granite-gneiss. 

While  the  strike  of  the  underlying,  as  well  as  of  the  newer  rocks,  In«^iilMitf 
follows  a  general  north-east  oourse,  this  direction  ia  frequently  and  °  °'^ 

sometimes  abruptly  changed,  so  that  the  strike  of  much  of  the  rocks 
of  the  newer  series  shows  a  tendency  to  follow  the  outlines  of  the 
underlying  granite-gneiss.  Instances  of  this  are  well  seen  in  the 
township  of  Denbigh,  as  also  at  other  points,  where  the  lower  series 
aeem  to  have  invaded  the  upper  or  overlying  schists  and  limestone  and 
diverted  their  strike  for  a  considerable  distance. 

In  the  list  of  townships  where  the  reddish  granite-gneiss,  which  Onnit^ 
we  now  regard  as  constituting  the  lowest  member  of  the  crystalline  K°™^ 
series,  is  especially  well  represented,  may  be  mentioned  Orimsthorpei 
Angleeeo,  Effingham  and  Ashby.  In  the  second  of  these,  which  is 
almost  entirely  unopened  to  settlement,  a  large  sheet  of  water,  known 
«s  Loon  lake,  which  intersects  the  central  portion  of  the  township,  is 
reached  by  a  rood  leading  in  from  the  Addington  road.  This  latter 
road  extends  from  the  township  of  Koladar  to  the  Madawaska  river, 
-crossing  the  western  portion  of  the  township  of  Barrie,  and  furnishing, 
for  the  greater  part  Jof  the  distance,  a  very  good  cross  section  of  the 
rooks  of  this  area. 

Around  Loon  lake  the  reddish  granice-gaeias  is  well  exposed  for  the  Loon  lake, 
greater  part  of  its  outlincL  It  forms  large  ledges  along  the  north  and 
weat  shores,  and  thence  apparently  occnpiea  the  northern  and  western 
parts  of  the  township  entirely.  In  mnoh  of  this  rook  but  slight  trocea 
of  foliation  are  visible.  The  south-east  angle  of  the  lake,  to  near  the 
outlet  of  the  Skutematta  river,  is  apparently  largely  occupied  by 
similar  rooks,  but  at  this  point  the  rock  changes  to  a  black  hornblende 
gneisaic  schist  or  amphibolite  which  occupies  all  the  south-eastern 
portion  of  the  lake  and  extends  across  the  country  to  the  road  through 
Barrie  and  on  for  some  miles  to  the  east.  These  black  and  gr«en  Black 
rocks  are  cut  by  dyke-like  masses  of  red  syenite  or  granite,  there  ^^^"^ 
being  often  a  small  quantity  of  quartz  in  its  composition,  and  these 
have  broken  up  the  hornblende  rock  wiih  which  they  are  now 
associated.  Some  of  these  dark  rocks  show  but  slight  tracee  of  folia- 
lion.  They  hold  irregular  bunches  of  quartz,  while  in  the  portiom 
that  are  schistose  quartz  strings  occur  along  the  layers. 
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The  gnutitio  rockB  sIbo  occnp;  the  whole  of  the  luge  point  which 
Mparatra  the  two  arms  of  Looa  lake  and  also  the  large  island  in  the- 
Bonth-eaat  ha.j.  Thence  Ihey  extend  along  the  rood  from  the  lake  lo- 
the  Addington  road  and  &re  exposed  for  Mome  miles  northward  con-, 
tinning  as  far  as  Eagle  hill  in  the  township  of  Denbigh.  On  the 
road  going  south  towards  Ealadu-,  the  black  hornblende  rocks  which' 
were  noted  on  Loon  lake  are  overlain  about  lot  23,  Addington  road 
range,  B&rrie,  hy  green  chloritic  schists,  and  thence  on  to  Cloyne  poet- 
office,  which  is  on  lot  IS,  the  green  rocks  prevail  In  places  these  are 
distinctly  dioritic  in  character,  without  foliation,  but  in  other  places 
they  assume  a  schistose  structure  and  present  the  aspect  of  true  schists- 
<d  the  Huronian  series  as  seen  elsewhere.  These  green,  sometimes  slaty, 
schists,  with  oocasional  brownish  bands  of  dolomite,  thence  extend 
southward  into  Kalador  township  almost  to  North  firook  post-office. 
Before  reaching  this  place  a  band  of  slaty  conglomerate  occurs,  the- 
ruck  having  a  green  slaty  paste  with  quartz  pebbles.  From  this  post- 
office  south  to  the  road  leading  west  to  the  Kaladar  gold  mine,  the 
surface  is  largely  covered  by  sand  drift,  but  occasional  ledges  of  grayish 
granite  appear.  On  the  path  from  this  west  road  to  the  gold  mine 
schists  and  slates  come  in,  with  bands  of  schistose  conglomerate  con- 
taining pebbles  of  quartz,  which  are  drawn  out  along  the  lines  of 
Bchislosity.  The  gold  mine  at  thb  place  occurs  in  this  series  of  slates 
and  schists,  in  which  are  rusty  Mack  bands  with  irregular  bunches  and 
strings  of  quartz.  In  these  the  gold  is  sometimes  visible  to  the  naked 
eye.  The  strike  of  these  rocks  is  N.  S5*  E.  with  an  east  south-east  dip 
(d  70*  to  60°.  The  principal  mineral,  in  these  schists  is  iron  pyriteSr 
with  which  the  gold  is  generally  associated.  Bands  of  dolomite,  brown- 
weathering  and  rusty,  sometimes  occur  with  the  slaty  beds  which  in 
places  become  true  mica  schists.  This  series  of  rooks,  with  their  con- 
tained conglomerate  bands,  is  continuous  for  many  miles  to  the  east, 
appearing  at  intervals  in  Clarendon  and  Falmerston  townships,  where 
their  aasooiations  will  be  again  referred  to. 

The  townships  of  Orimstborpe,  Effingham  and  Ashby  are  to  a  large 
extent  unsettled,  the  surface  being  generally  rough,  and  presumably 
almost  entirely  occupied  by  the  granitic  rocks  which  offer  but  slight 
inducement  for  the  pursuit  of  agriculture.  In  the  former  no  roads 
exist  in  the  area  on  this  map.  In  Effingham,  the  Addington  road 
which  skirts  the  west  shore  of  the  great  Mazinaw  lake  for  some 
milee,  crosses,  for  a  short  distance,  into  the  eastern  margin  of  the 
township,  while  in  Ashby  the  only  highway  is  the  "  Snow  rood  "  which 
leaves  the  Addington  road  at  the  foot  of  Eagle  Hill,  and  crosses  a. 
very  rough  and  hilly  country  to  Weslemcoon  lake,  which  lies  on  the 
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ionthem  edge  of  the  township.  The  road  here  oroeees  tbe  creek  con. 
necting  this  take  with  Otter  Inke,  and  thence,  traversing  the  hills 
along  the  north  side  of  Wealemcoon,  croeaee  the  MisBisaippi  branch  of 
the  York  river  into  the  township  of  Maya  This  rood  is  nattirally 
very  rough  and  bnt  little  travelled.  There  are  only  two  settlers  in 
tbe  whole  distance  west  from  Fei^pison  Corner  and  the  oonntr;  all  along 
is  hilly  with  great  raassea  of  reddish-gray  and  grayish  granite-gneiss 
which  is  usanily  moderately  fine-grained.  Tbe  rook  is  genentlly 
foliated  but  sometimes  this  feature  becomes  indistinct. 

Wealemcoon,  Otter  and  Thirty  Island  lakes  are  all  important  Wealemcoon 
sheets  of  water  in  the  southern  portion  of  Ashhy.  The  former  is  very 
im^ular  in  oatline,  with  long  points  and  numerous  islands.  It  extends 
into  che  northern  portion  of  Effingham  and  at  tbe  south  end  a  creek 
enters  from  Little  Weslemcoon  lake,  the  latter  extending  nearly  to 
the  centre  of  the  last  named  township.  From  tbe  south  east  end  of 
the  laet  lake  a  port^e  track  extends  across  to  the  bead  of  tbe  Mazinaw 
lake,  a  distance  of  abont  four  and  a  half  miles. 

Tbe  whole  of  ibe  township  of  Effingham,  ae  far  as  yet  examined, 
appears  to  be  occupied  by  the  reddish  and  grayish  Laurentian  granite- 
gneiss  ;  and  a  similar  rock  constitutes  the  entire  shore  of  the  four 
lakes  just  mentioned.  This  rock  is  composed  principally  of  reddish  or 
grayish  feldspar,  black  mica  and  some  quartz.  Tbe  strike  along  the 
Snow  road  is  about  N.  60*  K  with  a  dip  to  tbe  north-west,  bnt  at 
the  end  of  the  long  west  bay  on  tbe  angle  of  Effingham,  this  changes 
to  S.  25°  K  <  25°  to  30°.  At  the  creek  between  tbe  two  Weslemcoon 
lakes  the  rock  has  a  grayer  tint.  The  presence  of  dykes  of  coarse  red 
pegmatite,  sometimes  of  large  size,  is  often  noted.  The  same  character  ottei  lad 
of  gneiss  extends  around  tbe  shores  of  Otter  lake,  and  also  occurs  ^^  ^''^^ 
at  Thirty  Island  lake.  The  surface  soil  of  this  township  has,  over 
many  miles,  been  burned  off  and  the  bare  ridges  of  the  gneiss,  often 
weathering  a  dirty  white,  are  exposed  in  all  directions,  in  places  sup- 
porting a  small  green  growth  from  which  rise  numerous  dry  trunks  of 
the  pine  trees,  which  at  one  time  apparently  covered  this  area. 

The  township  of  Addington,  like  those  just  described,  is  also  largely 
unopened  for  settlement.  The  Addington  rood  traverses  the  western 
part  near  tbe  line  of  Effingham,  keeping  near  the  shore  of  Mazinaw 
lake  to  its  bead,  whence  it  follows  along  tbe  valley  of  the  Mississippi 
oreek  to  Fergusons  Comer  at  tbe,  foot  of  Eagle  Hill  in  Denbigh.  The 
north  eastern  portion  is  traversed  by  several  roads,  the  chief  oue  being 
the  Snow  road  which,  continuing  from  Eagle  Hill,  crosses  the  southern 
part  of  Denbigh  into  Abinger,  whence  it  crosses  Miller,  Clarendon  and 
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Falmerston  tawnahipa  to  the  line  of  tb«  Kingitoa  and  Pembrc^e 
railway,  iumf  the  point  where  it  arOBsee  Ui«  Mianasippi  rivar.  Xhii 
rood  affords  »  very  good  line  of  eeotion  *cros8  tbs  sontb-weet  portion 
of  the  map^heet. 

In  the  weatern  part  of  Abinger  also,  and  extending  half-way  aorora 
tbe  adjaoent  township  of  Barrie,  lies  the  Mazinaw  lake,  one  of  the 
most  beautiful  sheets  of  water  in  the  provinoe,  and  noted  for  its  magni- 
fiosnt  cliff  which  rises  abruptly  from  the  eastern  shore  to  a  height  of 
360  feet  above  the  water  at  its  bas&  Fine  ezpoanres  of  the  reddish 
and  gray  lower  gneiss  are  seen  along  the  shores,  the  strike  of  the  rook 
being  generally  K.  60'  £.  with  a  dip  to  tbe  soatheast  of  46°  to  60° 
Along  the  face  of  the  cliff,  which  ie  in  the  nor:ham  part  of  Barrie, 
there  are  bands  which  contain  pyrites,  and  thwe  by  weathering  have 
stained  tbe  face  of  the  cliff  with  different  shades  (rf  brown  in  irregular 
patchi-s.  These  stains  have  by  the  Indians  been  regarded  aa  repr»- 
aenting  old  Indian  paiutlogs*.  About  one  mile  and  a  half  from  tbe 
foot  of  the  lake  a  stream  enters  from  the  east  which  drains  several 
lakes  of  good  site,  the  principal  uf  which  are  called  the  Kiahkebas  and 
the  Shahbomekah  or  sometimes  the  Buck  l^ee.  Tbe  reddish  granite- 
gneiss  continues  southward  along  the  shore  of  Lake  Mazinaw  from 
the  npper  end  to  the  month  of  this  creek,  and  extends  eastward  for 
some  miles ;  but  south  of  the  creek  the  black  hornblende  rocks  noted 
on  Loon  lake  come  into  view  and  continue  thence  to  the  foot  of  the 
lake  where  a  road  falls  In  from  the  Addingtou  road  to  an  old  lumber 
depot.  Reddish  granites  here  interaect  the  black  hornblende  rock  as 
in  tbe  area  farther  west. 

Tbe  north-eaat  portion  of  Abinger  contains  a  large  development  of 
green  chloritic  rooks  mixed  with  epidote  in  places,  whiob,  near  the 
village  of  Vennachar,  show  a  well  banded  structure  with  a  strike  of 
N.  70°£.  and  a  dip  to  the  north.  Tbe  intrusive  red  granite  is  also 
here  seen.  The  green  rooks  extend  south  from  Vennaohar  through 
the  Beebe  settlement  where  they  are  associated  with  hornblende  and 
mica-gneiss ;  and  aa  this  road  approaches  the  Snow  road,  about  two 
ini!e8  east  of  the  village,  the  strike  changes  to  8.  60°  E.  with  a  dip  to 
the  Dorth-east.  The  limit  of  these  black  and  green  rocks,  or  their 
oontactwiththegranite-gneias,  ia  in  the  unopened  areaeast  of  M&zinaw 
lake  and  could  not  be  definitely  ascertained. 

To  the  eastward,  this  belt  oontinues  through  Miller  and  North  and 

South  Canonto  townships  to  the  Madawaska  river,  south-west  of  CUa- 

bogie  lake ;  and  at  the  High  Fall,  is  well  exposed.  Here  it  underlies  the 

*  Hennee  tbe  Dtioe  of  the  lake,  which  ia  a  oorrapted  contraction  of  the  Indian 


i  by  Google 


■LU.]  THE   UNDKBLTIKO  QBUnTB-aNKIBB  SBRIBB  29  J 

bUck  bomblendfl  gaflisa,  And  lim««tone  of  the  saotioa,  given  by  Mom; 
in  th«  Oeol.  of  C&n.  1863,  pp  28-29. 

Furthur  sontb,  in  th«  township  of  Bsrrie,  Bomewh«t  different  features  Lkkw  in 
Me  pceaented.  This  township  is  intersected  hy  nnmerone  lakes,  general]}'  '''^ 
long  and  narrow,  among  whiob  the  principal  are  Long  lake,  which  is  an 
expanaion  of  the  MissiHnppi  river,  and  Marble  lake,  iatennediate 
between  this  and  Haxinaw  lake;  while  to  the  north  of  Long  lake  is 
the  Migaiasagagon  and  in  the  eastera  portion  of  the  township  are  Sand 
lake,  MoClintook  and  Shaweoegna  lakes.  Honth  of  Long  lake  is 
another  long  and  narrow  bodj  oi  water,  known  aa  OoU  lake,  which 
lies  along  the  southern  border  of  Barrieand  Clarendon  townships.  Mid 
which,  Qowing  east  by  Qnll  oreek,  disdiargee  into  the  Croas  lakes  and 
thence  into  the  Mismsdppi  river  aboat  three  miles  WMtottbeKingstxm 
and  FembnAe  railway. 

Along  the  valley  of  Long  and  Mississagagon  lakes  the  upper  series  Gull  Uke. 
of  limestoaes  and  schiate  ia  well  developed ;  bat  along  Qull  lake,  for 
the  greater  part  of  its  length  a  Urge  development  of  the  reddish 
granite-gneisa  again  appears,  underlying  the  limestones.  The  northern 
limit  of  this  goeisa  area  is  a  short  distance  aooth  of  Long  lake,  and 
the  contact  between  the  two  series  is  to  be  seen  on  the  Frontenac  road 
between  the  Mississippi  river  and  Gull  creek,  about  one  mile  and  a 
half  south  of  the  former.  Southward,  the  older  rock  can  be  followed 
for  some  miles  along  this  road  into  the  township  of  Olden,  and  the 
belt  has  a  breadth  of  nearly  ten  miles  in  this  direction.  Westward  it 
extends  into  the  townships  of  Kennebec  and  Ealadar  beyond  the 
limits  of  this  map-sbeet,  while  eastward  it  maintains  a  north-east 
direction,  and  though  in  places  lai^ly  concealed  by  the  green  schist 
and  dionte,  reaches  the  overlying  Falnozoio  rocks  in  the  township  of 
Fakenham,  on  the  south  side  of  tlge  great  Ottawa  basin. 

The  granite-gneiss  of  the  area  is  usually  moderately  coarse-grained 
with  occasional  bands  of  blackish  tint,  and  from  its  position  evidently 
nnderlies  the  series  of  limestonea  and  schists  of  the  Hastings  division. 
The  rock  is  particularly  well  developed  around  the  shores  of  the  Cross 
lakes  below  Oull  lake,  and  here  forms  a  broad  development  to  the 
south  and  east,  reaching  the  Kingston  and  Fembroke  railway  and 
extending  into  North  and  South  Sberbrooke  townships. 

Farther  south  again,  in  the  townebip  of  Sontb  Sherbrooke,  and 
Bathnrst,  another  approximately  parallel  area  of  this  granite-gneiss 
comes  to  view,  and  extends  with  several  interruptions  eastward  through 
the  southern  parts  of  Lanark  and  Ramsay,  reaching  the  Falteozoio 
basin  between  Carleton  Floce  and  Almonte.     The  continuity  of  this 


ib.  Google 


so  3  OMTABtO 

buid  is  intemiptMl  at  vuiotu  poinU  bj  the  OTWlyiog  maoaes  <rf  the 

Hutinga  limeatoaea,  schUts  aad  opper  gnsiss. 
Four  veu  of       It  will  be  seea  from  »  glance  at  the  struottire  of  this  area,  as  dev»- 
^!^_  loped  bj  the  mappiog,  that  four  distiaot  and  roughly  parallel  areaa  of 

the  nnderljing  granite-gneiu  traverse  the  district ;  or,  if  we  annme 
the  ana  in  the  Madawaaka  portion  to  represent  two  distinct  bands, 
separated  bj  the  narrow  arm-like  belts  of  the  newer  rock,  five  of  the 
naderljing  bands  of  granite-gneiss  may  be  reoognised.  All  these 
several  areas  are  separated  bj  a  series  of  newer  sediments  oonsisting 
largely  of  gneiss  and  lunestone,  the  fanner  often  qoartsose  with  oertoin 
bands  of  true  quartrite,  sobists  of  varioos  kinds,  dco.,  the  whole  ot 
which  baa  bean  invaded  at  many  points  by  masson  of  diorite,  diabase 
and  granhe,  sometimes  in  the  form  of  pegmatite,  which  are  evidently 
later  in  date  than  the  oaloareons  and  quartiose  beds  which  they  pene- 
trate. From  the  movements  which  have  affected  all  these  rocks,  snb- 
seqaent  to  their  formation,  a  general  conformity  in  strike  is  now 
apparent ;  bnt  that  they  are  also  nnoonformable  in  certain  portions  of 
the  area,  or  that  the  achisGS  and  liraestooe  series  are  of  later  date  than 
the  older  gneiss  division,  is  manifest  from  the  relations  here  and  tbero 
Sequenoe  seen.  Thus  sometimes  then  ia  an  apparently  fairly  regular  sequence 
above  the  fundamental  rocks  into  the  upper  members  of  the  newer 
series,  through  gneiEses,  limeatooes  and  schists ;  at  other  times  the 
limestone  occurs  in  bands  intimately  associated  with  the  granite-gneiss ; 
while  oooasioDally  the  schists  rest  upon  this  lower  rook.  From  the  fact 
also  that  the  lower  gneiss  is  apparently  of  igaeous  origin,  while  the 
members  of  the  upper  series  are  of  sedimentary  character,  or  at  least 
lar^  portion*!  of  these  may  be  assigned  to  this  category,  an  unconfor- 
mity may  be  assumed. 

THE  ITKWBR   LIHESTOSB,   SCHIST   AND  ONKISS  SERIES,  (HASTINGS). 

Hasting*  In  the  earlier  reports  of  Vennor  it  would  appear  that,  at  the  time 

of  his  inveatigation,  the  views  as  to  the  exact  relation  of  the  lower 
gneiss  and  the  limestone  series  were  by  no  moana  clear.  Thus,  in  the 
Report  for  1666-69,  Tennor  included  in  his  lowest  aerioH  not  only  the 
lowest  gneiss,  but  also  a  great  thickness,  aggregating  a  auppoaed  volume 
of  nearly  11,000  feet,  of  gneiss,  schist^  diorite  aod  orystalUne  lime- 
stone, the  latter  in  places  containing  graphite. 
Views  of  This  view  was  however  modified  in  the  latest  report  on  the  district, 

H.  (i.  Veaaor.  jgyg.yy^  j^  (1,6  manner  named  on  page  277  of  that  volume,  by  restrict- 
ing the  lower  member  to  the  ayenite  or  granite-gneiss  without  the 
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limestones.  Withoot  entering  upon  a  sketch  of  .the  history  of  the 
Tftrious  changes  which  vere  made  from  jear  to  year,  as  his  studies  in. 
this  field  prngreesed,  which  woald  be  prodaotive  of  but  little  benefit, 
we  may  hero  simply  giye  the  detaila  of  the  structure  of  the  eevBral 
members  of  the  upper  series,  as  observed  in  the  various  syncliiialB 
occurring  bet-^een  the  areas  of  the  lower  gneiss  just  described. 

Iq  the  compariHon  of  the  various  rocks  found  in  these  basins,  as 
they  may  be  called,  it  will  be  observed  that  there  are  certain  features 
common  to  all ;  while  in  some  cases,  owing  to  a  development  of  strata 
and  consequent  increased  thickness  of  the  upper  members  of  the  series, 
there  occur  marked  points  of  difference.  It  has  not  yet  been  fonnd 
possible  in  this  area  to  distinguish  several  distinct  horizons  in  the  oal- 
careooa  portions  of  the  series,  as  was  originally  done  in  the  OrenviUe 
district,  and  later  attempted  by  Vennor  in  the  area  under  oonsidera- 

The  volume  of  these  newer  rocks  increases  in  a  marked  degree  in  the  Overlap  o(  the 
eastern  half  of  the  district ;  but  here  again  much  of  the  surface  ia  the 
direction  of  the  Ottawa,  is  occupied  by  the  fossiliferous  sediments  of 
the  Palaeozoic  formations,  which  embrace  all  the  divisions  from  the 
base  of  the  PoUdam  formation  to  the  Trenton,  so  that  tbe  crystalline 
rocks  of  tbe  upper  division  which  have  been  frequently  described  under 
the  name  of  the  Hastings  series,  are  almost  entirely  ooacealed  for  a 
distance  of  some  miles  before  the  Ottawa  river  is  reached,  near 
Arnprior.  Similar  rooks  however  reappear  on  the  north  side  of  that 
river  and  extend  for  many  miles  on  the  strike,  in  a  northerly  direction 
towards  the  height  of  land. 

It  would  therefore  appear,  from  a  study  of  these  rocks  over  a  wide 
area,  that  a  baein-shaped  depression  in  the  lowest  crystallines  occurs 
along  the  valley  of  the  Ottawa,  tbe  western  margin  of  which  can  be 
found  about  100  miles  west  of  tbe  city  of  Ottawa,  and  it  eitends 
thence  south  to  the  vicinity  of  Brockville  on  the  St,  Lawrence  river, 
To  the  north  of  the  Ottawa  river  the  greatest  depth  of  this  basin  is 
found  in  the  direction  of  the  Gatineau  and  Li^vre  rivers  on  the  former 
of  which  tbe  upper  limestones  have  a  very  considerable  development 
and  extend  northward  for  over  100  miles. 

In  the  area  comprised  in  the  north-west  portion  of  the  map-sbeet  Linintaae  of 
under  discussion,  between  the  Bonneohiire  and  the  Madawaska  rivers  *^^^  •*"• 
the  limestone  and  associated  gneiss  are  but  slightly  developed.     The 
limestone  appears  on  the  former  river  near  the  foot  of  Oolden  lake 
which  apparently  marks  its  western  development  in  this  direction. 
This  is  a  short  distance  north  of  the   limit  of  the  sheet.     On  the 
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OpeoDgo  Tomd,  which  triiVerBM  the  northern  porUon  of  the  towiufaip» 
of  Sradenell  ood  Sebutopol,  tha  cnlcareoua  bands  are  ooouioiuJly  seen 
bnt  their  oatcrope  are  of  small  extent,  though  there  are  expoeDrea 
of  the  underlTing  qnartzoM  and  garnetiferoud  gneits,  which  reet  aptnt 
ttio  lower  aeriee. 

Throughont  much  of  the  townahifM  of  Griffith  and  Ljodoch,  the  rocks 
an  oonoealed  by  sand  drift,  and  opportonitiea  for  the  atad;  cf  the 
nnderljing  rocks  are  comparatively  few ;  hut  along  the  Madawaaka 
which  traTflTMS  these  towosbipa  ther  are  seen  in  fairly  i[ood  expoearee. 
Here  the  limestone  is  found  in  small  qnantity  and  generally  in  narrow 
areas,  which  have  a  northeast  strike,  and  in  places  are  associated  with 
bands  at  raaty  and  qnartzoee  gneiss,  similar  to  the  rock  asuociated  with 
the  limestone  north  of  the  Ottawa.  The  broadest  band  of  the  c^oareoaa 
rooka  seen  on  the  npper  portion  of  this  stream  is  an  extension  north- 
ward of  the  area  found  in  the  central  part  of  the  lownship  of  Den- 
l»gh,  where  the  limestone  rests  on  the  sooth  apon  a  large  mass  of 
reddish  gneiss,  and  the  whole  band  with  the  hornblende  rocks  aasooi- 
ated,  has  a  breadth  oi  several  miles.  It  extends  in  an  almost  north 
direction  along  the  valley  of  a  creek  which  flows  from  several  lakes 
to  the  south  of  Denbigh  village  into  the  Madawaska  river,  which  it 
reaches  at  the  north-east  angle  of  the  township.  This  band  crosses  ^o 
river,  but  is  ooncealed  on  the  north  side  by  drift  so  that  its  development 
in  this  direction  is  unknown.  A  small  irregnlar  band  of  the  limestone 
also  occurs  in  the  southern  part  of  this  township,  but  its  course  is  to 
the  west  of  north,  as  if  it  had  been  deflected  by  intrusive  masses  in  its 
vicinity. 

Along  the  road  leading  from  t^e  Madawaska  to  Dacre,  from  the 
crossing  ia  Griffith,  gneiss  and  granite  are  the  prevailing  rocks  for  the 
first  half  of  the  distance.  Then  a  band  of  limestone  comee  in  and 
follows  the  course  of  the  road  into  the  southern  part  of  the  township 
of  Qratton,  where  it  widens  somenfaat,  and  continues  through  the 
southern  part  of  Brougbam  township,  into  Admaston.  Beyond  thia^ 
to  the  Ottawa  river,  the  limestone  beoomee  associated  with  hornblende 
gneiss,  schist,  and  some  granites,  and  these  laat  have  exercised  meta- 
morphic  action  on  the  calcareous  portion  of  the  series.  Some  of  these 
granites  are  associated  with  masses  of  anorthosite  in  the  extension  of 
this  area,  as  in  the  townships  of  Ross  and  Horton  to  the  south  of 
Portage  du  Fort,  and  on  the  eastern  half  of  Calumet  island,  where  the 
limestone  is  sometimes  entirely  cut  off  on  the  strike  or  deflected  at 
sharp  angles. 
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Croesing  the  line  of  section  from  this  belt  in  a  aoathmat  directioD, 
^e  areas  of  the  limestone  and  associated  newer  rocks  become  gradn- 
all;  more  in  extensive  proceeding  eastward.  The  most  important  of 
these,  as  shown  on  the  Madavaska  River  section,  appears  on  the 
stream  in  the  sontheaatern  portion  of  the  township  of  Matawatchan, 
and  extends  south-west  across  the  north-west  portion  of  Miller.  This 
belt  extends  in  a  north-east  coarse  through  the  eastern  part  of  the 
township  of  Brougham,  crossing  the  Madawaska  at  the  Monntain  chute 
and  rapids,  where  it  has  a  breadth  of  over  two  miles,  and  continues 
into  the  south-west  part  of  Admaston  township. 

In  order  to  obtain  as  good  a  section  as  possible  of  the  rooks  across  Soctioo  on  the 
the  central  portion  of  this  area,  a  traverse  was  made  along  the  Mada- 
woska  river  from  the  Palmer  rapid,  wbiob  is  a  short  distance  west  of 
the  limit  of  the  sheet,  to  Calabogie  lake,  about  twenty  miles  west  of 
its  junction  with  the  Ottawa  at  Arnprior.  This  section  is  fairly  com- 
plete, but  there  are  certain  portions  where  the  rooks  are  ooacealed 
by  drift. 

Beginning  then  at  Palmer  rapids,  it  can  be  said  that  while  the 
Madawaska  may  be  classed  as  among  the  rough  streams,  its  downward 
navigation  is  comparatively  .easy.  There  are  a  number  of  rapids  and 
falls  but  the  portages  are  generally  good  and  many  of  the  rapids  can 
be  run  with  a  large  canoe. 

The  rocks  at  the  Palmer  are  reddish  and  blackish-gray  qnartzose  The  P&lmer 
gneiss,  having  a  general  strike  of  N.  70°  E.  and  a  southerly  dip.  This  is  "P"^ 
broken  up  by  masses  and  dykes  of  a  coarse  red  granite  which  holds 
bunches  of  quartz  and  in  which  the  mica  is  black.  This  granite 
contains  aggregates  of  black  hornblende,  and  sometimes  of  pyroxene, 
the  gneiss  is  in  places  garnetiferous.  It  rests  upon  the  southern  side 
of  a  granitO'gneiss  area  which  extends  across  from  the  area  west  of  the 
Madawaska  into  Brudenell  and  Bebaatopol  townships.  The  portage 
past  the  Palmer  is  about  half  a  mile  long  or  by  crossing  a  small  island 
midway  two  short  portages  can  be  made. 

From  the  foot  of  the  Palmer,  where  the  mineral  corundum  has  Aumonds 
been  found,  to  Aumonds  rapid  which  is  a  fourth  of  a  mile  east  of  ^^'°^ 
the  western  line  of  Lyndoch,  the  banks  are  usually  low  and  sandy. 
Hills  of  red  gneiss  rise  on  either  side  of  the  stream,  from  a  fourth  of  a 
mile  to  one  mile  distant.  Aumonds  rapids  are  about  a  fourth  of  a 
mile  in  length.  The  rock  is  a  hornblende  granite-gneiss,  in  places 
very  black,  with  vein-like  strings  of  hornblende  and  with  bands  of 
grayish  gneiss,  the  strike  at  this  place  being  S.  70°  E.  with  a  southward 
14— J— 3 


ib.  Google 


34  J  OHTARIO 

dip,  tbe  ahang«  in  the  strike  being  probably  due  to  gnnite  intrnsione 
in  tibe  viciDitj.  The  part  of  tbe  river  Above  this,  to  the  Palmer,  sbowe 
(Hily  three  small  ledges  of  reddish  gneiss.  Oood  farming  lands  lie 
iJong  the  sou^  side  of  the  river  at  this  place,  and  a  rough  settlers 
road  extends  from  the  Palmer  rapid,  where  it  crosses  the  river,  to  the 
village  of  Denbigh,  by  way  of  Wiogle  postoffice. 

Below  Aumonds  r»pids,  where  there  is  a  portage  of  about  500  yards, 
ledges  of  coarse  red  granite  appear,  but  with  this  exception,  no  rocks 
are  seen  on  the  river  to  Aumonda  bay,  about,  two  miles  distant.  Here 
thin  bands  of  crystalline  limestone  cross  the  river,  and  the  rock  is 
mixed  with  lumps  of  rusty  gneiss  and  associated  with  gray  qnartzose 
gneiss  ana  qattrtzite.  Pyroxene  also  occurs  here.  The  strike  is  N.  70" 
E.,  but  the  strata  are  much  disturbed. 
I.  Below  this  to  the  Snake  rapids  the  rock  exposures  are  few.  The 
shores  are  generally  low  and  sandy  for  some  distance  inland.  The 
Snake  rapids  are  about  three  miles  in  length  and  consist  of  eight 
pitches  with  strong  water  all  along.  Most  of  these  can  be  run 
with  canoes,  but  the  last  three  are  very  rough  and  are  surmounted  by 
short  portages,  the  longest  of  which  is  150  yards.  The  rocks  all  along 
are  a  grayish  granite  with  much  hornblende,  and  in  places  foliation  is 
well  defined.  Certain  portions  of  the  rock  here  resemble  an  anortho- 
site.  These  are  sometimes  foliated  but  generally  the  strike  of  the 
foliation  is  too  obscure  for  determination. 

Veins  of  a  hornblende-granite  rock,  with  many  crystals  of  horn- 
blende, cut  this  granite,  and  quartz  strings  are  common.  Thence  to 
tbe  foot  of  the  Snake  rapids,  which  is  at  the  old  crossing  of  the 
Addington  rood,  now  abandoned  because  of  the  bridge  having  been 
burned  some  years  i^o,  the  rocks  are  mostly  grayish  and  hornblende 
granite  with  some  gneiasic  beds  at  the  lower  end. 

On  the  old  Addington  road  which  is  now  closed  for  about  five  miles 
south  of  the  river,  as  a  wagon  road,  the  only  rocks  seen  between  the 
river  and  the  junction  of  the  road  from  Denbigh  to  Wiugle  on  the  way 
to  the  Palmer,  are  granite  and  gneiss.  The  foliation  is  not  always 
distinct,  and  the  rock  is  often  black  or  dark-gray  from  the  presence  of 
hornblende  or  black  mica.  No  limestone  appears  along  this  track,  but 
at  the  point  where  it  turns  off  from  the  road  west  to  Wingle,  a  strong 
band  of  crystalline  limestone  comes  in  with  a  strike  a  few  degrees 
west  of  north.  It  oould  not  be  traced  in  the  rough  country  north- 
ward but  it  may  possibly  be  tbe  same  as  tbat  noted  at  Anmonds  bay 
on  the  Uadawaska  river. 
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Below  the  burned  bridge  on  the  old  Addington  rood,  the  rocks  for  Skte  ItHt. 
the  next  two  miles,  to  SUte  falls,  show  mostly  dark  hornblende -gaeiBS 
with  atnags  of  quarts.  Slate  fall  is  on  lot  12,  range  XII,  Lyndoch. 
The  rock  at  this  place  is  generally  fine-grained  granite  and  gneiss,  the 
strike  of  the  latter  at  the  foot  of  the  falls  being  north  and  south,  with 
a  dip  to  the  east  <.  60°.  The  black  colour  of  the  gneiss  is  chiefly  due 
to  the  presence  of  black  biotite  mica.  There  is  a  portage  of  300  paces 
on. the  south  side  past  the  fall  into  a  small  bay,  on  the  east  side  of 
which,  resting  on  the  gneiss,  is  a  band  of  crystalline  limestone,  bluish- 
gray  and  banded  like  that  of  Amprior  and  Renfrew.  This  rock  is 
often  coarsely  crystalline  and  has  patches  of  hornblende  in  the  mass. 
The  dip  of  the  limestone  is  3.  80°  E.  <  65°.  This  limestone  extends 
along  the  river  for  a  couple  of  hundred  yards,  below  which  the  banks 
are  low  and  sandy.  Several  small  islands  below  the  chute  are  also 
composed  of  the  blue  slaty  limestone,  associated  with  schist  and  goeiss 
on  lot  10.  Thence  down  past  the  chain  of  small  islands,  the  current 
is  strong  and  the  shores  show  ledges  of  black  hornblende  and  mica-  ■ 
gneiss  with  a  dip  to  the  east  <  40°  to  60°  as  far  as  the  sharp  bend  on 
lot  7.     Red  granite  also  shows  along  this  part  of  the  river. 

Limestone  agun  comes  in  atablufiFoear  the  bend  on  lot  5.  It  strikes  Griffith. 
17.  20°  E.  <  80"  and  shows  at  intervaln  along  the  shores  to  lot  2,  forming 
the  rapids  past  the  three  islands  to  the  town  line  of  Griffith.  This  is 
the  northeast  extension  apparently  of  the  limestone  area  already  noted 
in  the  township  of  Denbigh,  which  here  crosses  the  Madawaska  into 
the  township  of  Griffith,  and  is  there  probably  concealed  largely  by 
sand  drift.  The  band  of  limestone  exposed  at  this  place  is  about  three 
fourths  of  a  mile  broad,  and  the  rock  is  similar  in  all  respects  to  the  typi- 
cal Hastings  limestone  of  I^nark  and  other  places  to  the  south.  Much 
of  the  associated  gneiss  is  a  dark  gray  and  rusty  rock  similar  to  that 
seen  about  Sharbot  lake.     It  is  frequently  cut  by  granite  dykes. 

Midway  between  the  west  line  of  Griffith  and  Hyland  creek,  a  Hyl&nd 
small  band  of  limestone  crosses  the  river  associated  with  gneiss  and  °  " 
some  granite.  From  this  down  to  Hyland  chute  the  rock  is  mostly  a 
black  biotite  gneiss,  very  rusty  in  places  and  decomposing  readily.  It 
dips  S.  40°  E.  and  the  small  falls  at  this  place  are  upon  it.  The  rock  is 
generally  black,  composed  of  quartz,  feldspar  and  black  mica  ;  and  is  in 
places  very  pyritiferous.  It  is  cut  by  small  veins  of  granite  and  quartz, 
the  latter  oocnrring  in  strings  and  irregular  bunches.  Masses  of  dark- 
gray  granite  intersect  the  gneiss,  and  have  twisted  the  stratification  in 
alt  directions. 
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The  portAge  put  Hjland  cbat«  is  iT>Q  paces  long  aiid  at  the  lower 
end  there  is  &  band  of  gray  cr^atalliDe  limestooe  associated  with  the 
rusty  dark  gneiss,  the  strike  of  the  series  b^g  N.E.  vith  a  southenat 
dip  of  75°.  These  rooks  have  pyritons  bands  and  decompose  readilj, 
resembling  in  this  respect  the  rocks  along  the  KingBton  and  Pembroke 
railway,  north  of  Sharbot  lake.  From  Hyland  chute  down  to  the  Grif- 
fith bridge  the  shores  are  generally  flat  Heavy  masses  of  reddish 
granite  show  on  the  south  side  of  the  river  near  the  bridge  which  is 
at  Hyland  chute,  and  from  this  point  the  road  from  Denbigh  goes 
across  to  Dacre.  Much  of  the  granite  about  this  place  is  reddish  but 
there  are  also  black  hands  which  resemblo  a  coarse  hornblende  diorite. 

From  this  down  to  the  first  rapids,  at  Campbells  mills,  the  rocks, 
where  seen,  are  mostly  a  reddish  granite-gneiss.  Along  the  roads  to 
the  south  of  the  river  this  rock  is  seen  at  a  number  of  places,  and  it 
appe-Lrs  to  constitute  a  somewhat  broad  belt  which  comes  across  from 
the  township  of  Deubigh  at  E^gle  Hill. 

At  the  mill  and  chute,  there  is  a  portage  of  430  paces  over  dark- 
green  hornblende  rocks  with  some  limestone  in  thin  bands.  The  horn- 
blende rock  has  the  aspect  of  a  diorite  in  places  and  the  limestones  are 
much  shattered.     This  fall  is  called  Campbells  chute. 

Below  this,  the  road  on  the  south  side  keeps  near  the  river  for 
several  miles  to  the  ferry  which  leads  across  into  the  township  of 
Brougham.  At  the  Wolf  rapids  and  chute,  which  are  about  two  miles 
west  of  the  ferry,  the  rock  n  a  blackish  hornblende  gneiss  like  that 
of  Sharbot  lake,  holding  very  pyritous  and  rusty  hands,  with  a  strike 
of  N.  30°  E.  and  a  high  dip  to  the  south-east.  The  gneiss  of  this  area 
is  nearly  all  black  and  hornblendic,  with  grayish,  and  sometimes 
reddish,  bands. 

From  Wolf  chute  to  the  ferry  the  rock  is  nearly  all  gneiss,  bat 
just  west  of  the  ferry,  bands  of  limestone  come  in.  This  rock  shows 
thence  at  intervals  to  the  head  of  the  island  above  the  Colton  chute, 
where  the  rusty  gneiss  again  appears  and  forms  a  chain  across  the 
river  with  a  strike  N.  40°  E.  dip  S.  60°  E.  <65°.  This  gneiss  is  bUck 
with  irregular  bands  of  gray  granite  cutting  it. 
^  Colton  chute  is  a  rough  pitch  over  rusty  black  hornblende-gneiss 
along  with  grayish  bands.  The  ingredients  are  coarsely  granu'ar  and 
the  rock  has  a  clastic  aspect.  The  lower  part  of  the  Colton  chute 
passes  over  coarsely  crystalline  limestone,  with  bunches  of  quartz,  inter- 
stratified  with  grayish  quartz  layers  ;  dip  S.  E.  <  75°.  At  another  ohnt« 
a  fourth  of  a  mile  below  the  main  Colton,  the  rusty  blackish-gray 
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gneiss  ftppears,  with  bands  of  vary  coarsely  crystalline  limestoae  and 
masses  of  granite.  Along  the  river  the  granites  are  generalty  6iM- 
grained  and  reddiah-gray. 

Thence  down  for  several  miles,  the  river  bank  on  the  south  side 
shows  timeetone,  having  a  strike  along  the  course  of  the  stream  which, 
is  here  about  N.  60°  E.,  and  on  the  upper  half  of  this  stretch,  the 
gneiss  forms  the  north  aide  of  the  river.  The  north  side,  to  the  point 
where  the  river  turns  sharply  to  the  south,  is  mostly  hilly  and  com- 
posed of  granite  and  gneiss,  while  the  limestone  which  shows  along  the 
south  side  forms  the  northern  margin  of  a  brood  belt  already  described 
aa  extending  from  Miller  to  Admaaton,  in  the  course  of  which,  to 
the  northeast,  it  skirte  the  road  extending  west  from  Mount  St. 
Patrick  corner  to  Black  Donald  post-office  in  Brougham  and  forms 
a  continuous  band  for  at  least  fifteen  miles. 

The  band  of  limestone  which  here  comes  to  the  Madawaska  river  Is 
continuously  exposed  along  the  stream  for  several  miles.  It  appears 
along  the  shore  at  different  points  to  the  big  island  at  the  head  of  the 
Chain  rapids,  and  in  places  is  tremolitic  and  cut  by  granite.  The  dip 
at  the  island  is  S.  60°  E.  Occasional  bands  of  gray  gneiss  come  in 
with  the  limestone  to  the  next  rapid  at  the  foot  of  the  island  which  is 
called  the  Cedars,  and  thence,  to  the  head  of  the  Mountain  chute,  the 
rock  is  nearly  all  limestone. 

The  Mountain  chute  is  a  very  rough  part  of  the  river.  The  portage  Monntun 
past  it  is  1,460  paces  long  over  limestone  all  the  way,  and  there  are  ™'*'^ 
numerous  heavy  pitches  which  are  apparently  caused  by  dykes  of 
reddish  granite  which  intersect  this  rock.  The  strike  of  the  limestone 
varies  from  N.  50*  to  60°  E.  and  the  dip  is  generally  at  a  low  angle  to 
the  south.  Below  the  Norway  rapid,  which  is  a  short  distance  from 
the  Mountain,  the  limestone  still  oontinnee,  the  rock  having  much 
quartz  in  strings  and  bunches,  but  is  otherwise  the  same  blnish 
striped  gray  rock  of  the  Hastings  series,  which  is  so  common  in  the 
oalcareoas  portion  of  that  division. 

Limestone  continues  along  the  river  to  the  entrance  to  Mud  lake,  Norw>7 
which  is  on  the  south  side,  about  one  mile  below  Norway  chute,  h^^^j],. 
Here  it  is  associated  with  thin  bands  of  the  rusty  hornblende  gneisa, 
and  the  bands  of  limeaione  and  gneiss  are  in  frequent  alterations.  A 
sbcKt  distance  below  this  the  reddish  gneiaa  and  granite  again  appear 
on  the  south  side  of  the  river  and  continue  almost  without  interrup- 
tion to  the  High  falls,  which  is  just  above  the  entrance  of  the  river  in- 
to Colabogie  Iske.  Several  bands  of  limestone  however  show  in  the 
vicinity ;  and  below  the  falls,  beds  of  the  black  hornblende-gneiss,  in 
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plftces  schistose,  come  in  and  form  the  rocks  around  the  woBtora  and 
southern  side  of  this  lake.  This  ia  the  pUoe  where  Humj  made  his 
sectioQ  in  1657,  which  is  given  In  "  Geology  of  Canada,  1663,"  pages 
29-30. 

On  the  shoree  of  Mud  lake,  juat  mentioned,  which  extend  for 
several  milee  south  from  the  line  of  the  river,  the  rocks  are  largoty 
granitic  Two  small  bands  of  limestone  show  along  the  east  side,  but 
near  the  upper  or  south  end,  the  granites  assume  more  the  aspect  of 
the  oldest  type,  and  the  country  to  the  south,  in  the  direction  of  the 
Trout  lakes  in  Canonto,  appears  to  be  very  rough  and  composed 
largely  of  granite.  There  are  no  roads  traversing  this  area,  which  is 
entirely  unsettled,  so  that  there  appears  to  be  a  broad  belt  of  the 
granite-gneiss  between  the  limestone  of  the  Madawaska,  just  described, 
and  the  belt  which  extends  northeast  from  Barrie  through  Miller  and 
the  northern  part  of  Palmerston,  aud  which  may  be  styled  the  third 
parallel  belt  of  the  upper  series. 

On  the  portioD  of  the  Madawaska  between  Calabogie  lake  and  the 
Ottawa  river  at  Arnprior  blutsh-gray  the  striped  limestones  are  well  ex- 
posed below  the  outlet  of  the  lake.  Around  the  lake  itself  the  rocks  are 
largely  schistose  and  hornblendic,  with  bands  of  limestone.  Near  the 
vill^e  of  SpringtowD  a  bond  of  coarse  red  graniie,  which  is  evidently 
newer  than  the  limestone,  comes  to  the  surface  and  forms  a  considera- 
ble area  between  the  Madawaska  and  the  Kingston  and  Pembroke 
railway.  This  granite  cuts  the  limestone  and  roica  schist,  and  in  the 
vicinity  the  former  is  very  tremolitic.  East  of  Bumstown,  which  19 
about  seven  miles  to  the  south  of  the  town  of  Renfrew  the  limestones, 
are  the  predominating  rocks  till  they  become  concealed  by  drift  and 
clay  near  the  town  of  Arnprior,  or  are  covered  by  the  limestones  of  the 
Calciferous  and  Black  River  formations. 

To  the  south  west  of  the  Madawaska  river  near  Arnprior  these 
bluish  striped  limestones  have  a  wide  development.  They  are  espe- 
cially well  exposed  to  the  north  and  east  of  White  lake  which  crosses 
over  into  the  township  of  Darling,  and  the  breadth  of  the  limestone 
in  this  direction  is  not  far  from  eight  miles  across  the  strike.  To  the 
west  of  the  area  in  the  townships  of  Darling,  Bagot  and  Lavant  its 
volume  is  largely  reduced  and  the  principal  rocks  are  schists,  both 
micaceous  and  hornblendic,  along  with  minor  bands  of  reddish-gray 
gneiss  which  are  especially  well  seen  along  the  line  of  the  Kingston 
and  Pembroke  railway  north  of  Lavant  station  and  thence  to  the  town 
of  Renfrew. 
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This  band  of  sobut  and  limeetoDe  with  grayiah  and  black  gneiss  is  Sahist  uid 
one  of  the  most  important  in  the  whole  area.  It  oan  be  traced  con- 
tinouBl;  from  the  veatera  limit  of  the  sheet  in  Aoglesea  and  Barrie 
where  it  forms  a  well  defined  synclinal  between  the  gneiss  of  Maxinaw 
lake  on  the  north  and  of  Onlt  lake  on  the  south.  The  strike  of  the 
limeatone  and  gneiss,  west  of  the  railway,  is  very  uniform,  with  the 
exce)jtion  of  a  few  local  twists  and  has  a  direction  a  little  north  of  east 
or  about  N.  60°  E.  On  the  north  of  this  basin  the  dip  is  to  the  south- 
east while  on  the  south  side  of  Long  lake  the  dip  becomes  reversed  to 
the  north-west.  The  limestone  is  espeeially  well  seen  along  the  shores  Li>n([  Itko 
and  islands  of  Long  lake  and  in  that  part  of  the  Mississippi  below  Hi'^™'''^' 
this  almost  to  Cross  lake  beyond  the  eastern  line  of  Clarendon  town- 
ship. The  limestone  in  places  is  blue  and  slaty,  resembling  in  a'pect 
some  of  the  limestones  of  the  Cambro-Hilurian  of  the  southern  part  of 
Quebec  near  Lake  Mempbremagog :  but  this  rock  assumes  a  highly  crys- 
talline character  as  it  approaches  the  masses  of  intrusive  granite  or 
diorite.  In  places  also  the  limestone  U  filled  with  quartz  in  the  form 
of  irregular  stringb  and  bunches,  which  give  the  mass  a  very  ragged 
aspect  on  weathered  surfaces,  and  form  a  feature  easily  recognized  at 
many  points  throughout  the  distribution  of  this  portion  of  the  forma- 
tion. 

Another  important  area  of  the  newer  rocks  of  the  Hastings  division  Sharbot  lake 
is  that  which  appears  in  the  southern  part  of  the  map-sheet,  in  the 
townships  of  Olden  and  Oso,  at  Sharbot  lake.  This  area  is  bounded 
on  the  north  side  by  the  old  gneiss  of  the  Qnll  Lake  belt  and  on  the 
south  by  the  similar  rock  which  comes  in  between  Sharbot  lake  and 
Bobs  lake.  It  extends  northeast  through  the  townships  of  North 
and  South  Sherbrooke,  and  occupies  the  southern  portion  of  the  town- 
ship of  Dalbonsle  and  the  northern  part  of  Bathurst,  as  well  em  a  large 
portion  of  Lanark,  continuing  on  into  Ramsay  where  it  is  concealed  by 
the  overlying  Palseozoic  formationfi,  here  represented  by  the  Potsdam 
sandstone  and  the  Cafciferous  dolomite.  In  Balhousie  and  Lavant  town- 
ships, the  limestones  of  this  area  are  sepsrated  from  those  of  the  belt 
JQBt  described,  by  a  great  development  of  greenish  dioritic  and  diabase 
rooks,  and  also  by  large  masses  of  reddish  granite,  in  which  there  are 
often  but  slight  braces  of  foliation.  In  Batburst  the  southern  limit  of  Lake 
these  limestones  is  marked  by  Lake  Bennett^  which  is  an  expansion, 
about  five  miles  long,  of  Fall  brook,  a  branch  of  the  Mississippi  river. 
The  road  east  from  Elphin  comer  to  McDonalds  comer,  and  thence 
south-east  to  Fall  brook  post-office,  traverses  this  limestone  belt  for 
about  eight  milea  The  limestones  are  the  usual  crystalline  striped  or 
banded  variety,  often  holding  veins  and  bunches  of  quartz  with  ocoa- 
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sioiutl  bftnds  of  black  httmblende  and  Bohiatoae  kikus,  and  GOmetimes 
with  masaes  of  graait«.  In  the  eutorn  part  of  the  township  of  Lanark 
the  limestone  has  a  breadth  of  fully  six  milea  and  ia  terminated  on  the 
north  by  the  red  granite-gneiss  of  the  western  part  of  Fakenham  which 
divides  the  area  from  the  limeetoDe  of  the  White  Lake  belt 

In  this  area  the  schiste  are  not  so  well  developed  as  in  the  Larant 
region,  which  maj  therefore  possibly  represent  a  greater  development 
of  the  upper  membera  of  the  series.  Sometimes  the  limestone  bands  are 
broad  and  continuous  for  a  long  distance,  but  at  other  times  their 
oontinuity  is  broken,  either  by  thinniDg  out,  or  by  the  sudden  termi- 
nation of  the  bands  by  intrusive  masses. 
Burie  and  The  newer  aspect  of  these  rocks  is  well  seen  in  the  townships  of 

'^'"™™°'  Barrie  and  Clarendon,  which  are  traversed  by  the  Mississippi  river, 
from  the  foot  of  Mazinaw  lake  into  Palmerston.  This  stream,  while 
flowing  for  a  good  portion  of  the  distance  somewhat  alona;  the  line  of  the 
strike,  aSbrds  a  fairly  good  line  of  section.  Beginning  at  the  crossing 
of  the  EingstOQ  and  Pembroke  railway,  near  the  Snow  road  station, 
the  several  varieties  of  rock  outcrops  there  found,  with  their  relatione, 
may  be  here  described, 
SeotioD  oQ  ths  The  lower  part  from  the  railway  bridge  westward  is  in  a  reddish 
river!"'^'"  granite-gneiss,  sometimes  tinged  with  green,  and  with  masses  of  red 
granite,  apparently  intrusive  in  character.  The  gneiss  strikes  generally 
N.  30*-50°  E.  and  dips  S.  E.  <  S0°-50°.  These  rocks  are  well  exposed 
at  Millers  chute,  about  one  mile  above  the  railway  bridge,  where  also 
bands  of  chloritio,  epidotic  and  homblendio  rocks  are  associated.  In 
places  these  rocks  are  schistose.  From  this  point  upward  to  the 
Sagged  chute,  which  is  a  very  rough  part  of  the  river  along  which  a 
portage  road  of  1,200  paces  extends,  the  rocks  are  largely  a  reddish 
Kaggedohace.  gneiss  or  granite.  At  the  Ragged  chute,  a  band  of  white  or  cream- 
coloured  limestone  comes  in,  holding  small  inclusions  of  rusty  gneiss, 
the  whole  being  out  by  dykes  of  white  pegmatite.  The  limestone  dips 
S.  40°  E.  <  20°  and  resembles  much  of  that  seen  in  the  limestones  of 
the  Qrenville  series.  Above  this  to  the  next  chute,  about  600  yards, 
distant,  the  rooks  are  again  the  red  foliated  granite-gnelBS,  the  strike 
of  which  is  N.  60°  K  with  a  dip  to  the  south-east.  This  sama  rock 
extends  up  to  Kings  chute  where  there  is  a  portage  of  370  pnoes 
over  roughly  foliated  red  granite,  composed  largely  of  red  feldspar, 
quartz  and  black  mica,  and  this  rock  continues  upward  to  the  foot  of 
Croche  or  Cross  lake  where  the  strike  of  the  foliation  ia  N.  60°-60°  W. 
with  a  dip  to  N.  30°  E  <  l6°-20°.  The  trail  post  the  chute  at  the 
foot  of  the  lake  ia  100  paces  in  length. 
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At  the  bend  of  the  lake  shore  &  fourth  of  a  mUe  ftbove  the  dam,  the 
strike  of  the  foliation  chiuiges  to  N.  40°  E.  with  a.  south-east  dip,  and 
the  gneiss  is  cut  by  dykes  of  red  pegmatite.  In  character  this  rook 
reBembles  much  of  that  styled,  in  the  former  reports,  the  Ottawa 
gneiss. 

Croohe  or  Cross  lake  consists  of  two  parts  connected  by  a  creek  Croohe  lakw. 
nearly  half  a  mite  in  length.  The  more  sontherly  receives  the  waters 
of  Qnll  lake,  already  referred  to,  by  a  creek  about  four  miles  in 
length.  The  reddish  foliated  granite gnnas  extends  along  the  enUre 
shoresof  the  two  Croche  lakes,  as  also  along  the  shoresof  Gull  lake.  In 
the  latter  area  the  red  gneiss  contains  bands  of  block  hornblende  mica- 
gneiss,  which  in  places  weathers  ruaty ;  but  no  trace  of  limestone  or 
gametiferous  gneisa  was  noticed  in  this  direction.  The  strike  of  the 
rocks  on  Gull  lake,  as  also  oa  the  upper  Croche  lake,  is  about  N.  70° 
E.  the  dip  being  S.  20°  E.  <  40°.  Dykes  of  coarse  red  granite  are 
frequent  and  the  rocks  as  a  whole  present  features  very  like  those  seen 
in  the  area  to  the  west  already  described. 

On  the  lower  Croche  lake  the  red  gneiss  extends  all  around  the  Gnnite- 
shores  to  the  inlet  of  the  Mississippi  river,  or  head  of  the  lake.  The  8"™"*- 
Btrike  and  the  dips  are  similar  to  those  just  given,  but  they  sometimes 
vary  a  few  degrees.  Just  above  the  lake  on  the  Mississippi,  the 
granite-gneiss  is  succeeded  by  a  greenish  and  fine  grained  schistose 
gneiss,  which  weathers  rough  and  nodular.  The  dip  Is  8.  66°  E.  <  60° 
and  the  rock  contains  irregular  quartz  veins.  The  rock  sometimes 
becomes  schistose  and  this  schistose  character  is  seen  as  far  up  as  the 
wing-dam,  from  which  point  a  rough  road  leads  off  north  to  the  village 
of  Ompab.  The  dip  here  is  N.  30°  W.  <;  80°,  and  masses  of  fine 
groined  granite  are  associated  with  the  schist.  Just  above  the  wing- 
dam,  heavy  beds  of  ruaty  dolomite  appear,  in  plaoes  with  much  quartz 
in  tbe  form  of  strings  and  bunches,  and  this  overlies  the  schist.  This 
point  apparently  marks  the  southern  limit  of  the  dolomite  and  schist 
series  of  the  Olarendon  belt. 

From  this  place  to  the  bridge  over  the  river  on  the  road  leading  Doiomjt^ 
from  Ompah  to  Ardoch,  the  principnl  rock  outcrops  are  brownish  or 
orange-coloured  dolomite  and  dolomite  schist.  Above  this  to  the 
second  bridge  at  Ardoch,  the  hilts  on  both  sides  of  the  river  expansion 
known  as  Mud  lake,  also  show  frequent  exposures  of  the  ochreous- 
weathering  dolomite.  The  rock  in  mass  is  sometimes  pinkish-coloured 
but  more  generally  has  a  yellowish  tint.  The  is'ands  in  this  lake  are 
also  largely  ciHnpoaed  of  the  same  dolomite,  but  at  the  point  at  the 
lower  portion  of  the  bay,  below  Buckshot  oreek,  and  about  one  mile 
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below  Ardoch  bridge,  well  bedded  hornblende  and  mioa  •obut  coom 
in,  certain  bands  of  wbioh  are  studded  with  garnets.  Veins  and  strings 
of  quartz  run  along  the  bedding  planet  of  this  rock,  and  these  are 
sometimes  rusty  and  pyritona.  The  dip  of  the  schists  is  S.E.  <  70*. 
They  underlie  the  dolomites  of  Mud  lake  and  continue  to  Ardooh, 
where  the  dip  changes  to  S.  30°  E.  <  70°. 

The  old  Frontenac  road  orosaee  the  river  at  this  point  and  continues 
north-west  to  the  village  of  Plevna,  about  five  miles  distant.  On  this 
road  the  limestones  are  associated  with  bands  of  black  hornblende 
schist  or  schistose  diorite  for  several  miles.  Their  distribution  in  this 
direction  will  be  referred  to  later. 

South  of  Ardoch  bridge  the  dolomites  extend  for  about  one  mile 
and  a  half  till  they  meet  the  mass  of  the  Gull  lake  granite. 

In  the  area  between  Ardoch  and  Plevna  there  are  several  gold  mining 
locations.  The  gold  occurs  in  connection  with  black  hornblende  rocks 
which  traverse  the  limestones,  along  with  bands  of  reddish  gneiss.  At 
certain  points  dykes  of  dark  diorit«  also  come  in  and  veins  of  quarts 
occur,  some  of  which  are  gold-bearing  and  have  been  opened. 

West  of  Ardoch,  the  shores  of  the  Mississippi  show  ledges  of  dolo- 
mite and  dolomitic  schist  which  continue  into  Long  lake,  another  ex- 
pansion of  the  stream.  At  the  first  chute,  a  mile  above  the  Ardoch 
bridge,  these  dip  N.  35°  W.<  75°.  The  carry  here  is  lao paces  long. 
Above  this  the  river  widens  into  a  lake  with  several  islands,  on  which 
the  dolomite  is  the  principal  rock,  and  then  continues  to  a  second  pitch 
or  series  of  small  chutes,  past  which  there  u  a  portage  of  500  yards  to 
the  foot  of  Long  lake. 

The  dolomites  along  this  part  of  the  river  are,  on  fresh  anrfaces, 
bard  and  tine-grained.  They  weather  brownish  and  have  part- 
ings of  calcite  and  bitter-spar.  At  the  foot  of  Long  lake,  the  dip 
is  reversed  to  S,  20°  E<  50°  and  the  rook  contains  utrings  of  black 
hornblende.  The  cream-coloured  dolomites  are  associated  with  hard 
siliceous  bands  and  underlaid  on  the  north  side  by  a  belt  of  reddish 
granite-gneiss,  and  the  limestone  at  some  points  is  much  distorted. 

Xjong  lake  is  about  twelve  miles  in  length  and  the  dolomites  are 
exposed  for  the  entire  distance  along  the  south  shore,  where  they  ara 
sometimes  changed  to  a  highly  crystalline  saccharoidat  cream-ooloured 
rock.  This  is  more  particularly  seen  near  the  contact  with  a  mass  of 
granite-gneiss.  The  strike  along,  this  portion  of  the  take  is  N.  60°  E. 
and  the  dip  is  N.  30'  W  <  40° -60°,  but  on  the  north  shore  the  rock  is 
often  much  less  altered  and  frequently  presents  the  aspect  of  a  bluish 
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slaty  limeeton«  which  oontains  iuic&.  Thia  feature  is  espeoUlly  w«ll 
■eea  on  the  ruad  which  uxteods  along  the  north  side  of  the  lake 
from  Ardoch  to  Mjera  cove  post-ot£ce,  which  is  at  the  foot  of  Marble 
lake.  The  limestoaels  here  aasooiatnd  with  bands  of  black  hornblendic, 
BometimeB  sohiatoae  rook,  and  these  are  ci)t  by  dykes  of  granite. 

From  the  upper  end  of  Long  lake  an  old  portage  route  leads  across 
to  the  upper  bay  on  Qull  take  to  the  south.  This  route  is  now  aban- 
doned, but  it  was  followed  for  some  distance.  The  limestone  of  the 
lake  shore  was  seen  to  rest  against  a  belt  of  hornblende,  sometime? 
gneissio  rock  with  a  dip  to  N.W.  <  7S°  which  was  in  turn  underlaid 
by  the  reddish  granite-gneiss  of  Gull  lake. 

At  the  narrows  of  Long  lake  which  is  near  the  upper  end,  the 
slaty,  and  somewhat  schistose  limestones,  are  much  disturbed  and 
sharply  folded.  The  limestone  continues  to  the  west  end  of  the  lake 
which  here  widens  out  into  a  deep  bay,  and  from  this  extends  west  in 
the  direction  of  the  Addington  road  towards  Oloyne. 

The  lake  here  turns  sharply  to  the  north  and  following  up  the  river  WhiteGah 
for  half  a  mile,  a  rapid  with  a  portage  of  100  yards   connects    "ith  ^^gj"*" 
Whitefish  lake.     At  this  rapid  several  pits  have  been  sunk,  in  the 
attempt  to  mine  silver- bearing  galeaa  near  the  contact  of  the  limestone 
with  granite  dykes.     The  blue  character  of  the  limestone  suddenly 
gives  place  near  the  contact,  to  a  highly  crystalline   condition  and  the 
rock  becomes  a  marbia  But  small  trace  of  lead  ore  is  seen  in  these  rocks 
at  thia  point,  though  the  rock  is  somewhat  cavernous.     This  is  Myers 
Cave  mine.     The  rocks  strike  generally  N.  60"  E.  in  a  nearly  vertical 
attitude.     Similar  associations  of  the  limestones  and  slaty  schists  show 
around  WhiteGsh  lake  to  the  foot  of  the  chute  at  the  outlet  of  Marble 
lake,  on  which  there  is  a  sawmill ;  and  the  road  from  Ardoch  to  Myers 
Cave  post-office,  here  crosses.  Here  hard  bluish-gray  slaty  and  micaceous 
rocks  can&e  a  fall  of  about  20  feet,  and  the    liraestonein  the  vicinity  is 
highly  crystalline.     The  strike  is  N.  65°  E.  and  the  dip  vertical,  and  just 
above  the  dam  a  great  mass  of  hornblende  diorite  rock  comes  in  on  the 
west  side  which  is  apparently  intrusive  in  the  limestone.     The  Helena  The  UeUiuk 
copper  and  gold  mine  is  situated  on  the  east  side  of  the  lake  on  lots  1 9  '""'^ 
and  20,  R.  VI  and  lot  20,  R.  VII,  Barrie. 

In  Marble  lake  the  south  shore  of  the  main  bay  is  occupied  by  green  Marble  lake. 
sinty  schist  sometimes  highly  micaceous,  which  is  simitar  to  that  seen 
on  the  road  south  from  Oloyne  to  Koladar.  With  this  are  associated 
dolomites  and  dolomitic  schist,  the  dip  of  which  is  N.  35°  W  <  80°. 
Above  this  to  the  head  of  the  lake,  or  to  the  foot  of  Mazinaw  lake, 
there  is  considerable  development  of  the  crystalline  dolomite  or  marble 
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which  iihows  on  tb«  western  shore  and  in  the  river  above,  and  from 
which  the  lake  takes  its  name.  The  rocks  of  Maziaaw  l«ke  have  al- 
ready been  described  on  &precediagpage.  The  black  hornblende  bands 
oorae  in  between  the  marble  of  this  lake  and  the  reddish  gneiss. 

The  synclinal  structure  of  the  Long  lake  area  is  thus  well  established 
by  the  dips  on  either  side,  and  the  met&morphic  action  of  the  dioriten 
and  granite  is  clearly  seen  at  a  nnmber  of  places.  The  same  features 
appear  in  connection  with  similar  blue  slaty  lintestones  of  this  series, 
further  east  in  the  township  of  Lanark,  which  will  be  referred  to  later. 

To  the  north  of  Long  lake,  on  the  Mississippi,  lies  Missasagogon 
lake.  It  discharges  into  Buckshot  creek,  a  tributary  of  the  Mississippi, 
by  Swamp  creek,  and  is  long  and  .narrow.  The  west  end  of  the  lake 
is  reached  by  a  portage  of  half  a  mile  from  the  foot  of  Marble  lake  and 
shows  beds  of  limestone,  with  interstratified  bands  of  block  hornblende 
gneiss,  the  rocks  being  the  eastern  extension  of  those  seen  on  Marble 
lake.  The  north  side  of  I^ke  Missasagogon  is  occupied  for  the  most 
part  by  the  blue  slaty  Umestone,  much  twisted  in  places  and  resembling 
the  beds  seen  on  Long  lake  to  the  soatb.  The  dip  of  these  is  generally 
north-west  at  a  high  angle.  Near  the  east  end  of  the  lake  a  portage 
rosd  leads  across  to  another  chain  oi  lakes,  among  which  are  McClin- 
tock's  and  Sand  lakes.  The  portage  is  1,200  paces  long  and  the  lime- 
stones extends  Eor  700  paoes  to  a  band  of  black  hornblende  rock 
similar  to  that  seen  on  the  north  side  of  Gull  lake.  This  has  a  breadth 
of  aboat  100  yards  and  rests  upon  the  reddish  granite-gneiss  which 
extends  from  Mazinaw  lake  and  which,  further  east,  crosses  the  Snow 
road  about  three  miles  north  of  Plevna  village  The  islands  in  this 
lake,  as  well  as  the  sonth  shore,  are  mostly  composed  of  the  blue  slaty 
limestone  with  buids  of  block  hornblende  rock,  and  with  diorite 
masses.  Between  this  lake  and  Long  lake  on  the  road  from  Ardooh  to 
Perry,  on  lot  13,  range  VIII,  Barrie,  &  silver  mine  was  some  years  ago 
opened  which  disclosed  rich  ore  and  was  worked  to  some  extent,  but 
the  property  became  involved  in  litigation  and  work  has  long  since 
been  abandoned.  The  rocks  at  the  mine  are  limestone  with  mica  and 
hornblende  schist  and  the  ore  is  argentiferous  galena. 

This  road,  from  Ardoch  west,  along  the  north  side  of  Long  lake  to 
Myers  Cave  runs  for  the  greater  part  of  the  distance  over  the  slaty 
limestone  With  this  are  bands  of  black  hornblende  schist,  the  dip 
being  generally  N.  30°  W.  <  40°-60°,  An  occasional  reverse  dip  to 
the  south-east  is  seen  in  these  rocks  near  the  head  of  L(mg  lake,  but 
the  strike  of  the  series  is  very  uniform. 
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From  Myers  C&ve  post  office,  at  the  foot  of  Harble  lake,  &  road  Lmog  lake 
sonth  passes  by  the  end  of  Long  lake  and  extends  to  the  line  road  to 
Harlowe  and  to  the  head  of  Qull  Ibke.  On  this  road  the  limestones 
extend  past  the  south-wsBt  bay  of  Long  lake  and  are  generally 
highly  metamorphosed.  They  are  met  in  this  direction  by  granitic 
and  amphibolite  schiEtose  rocks,  the  latter  being  eometimeB  greenish 
coloured,  and  ofteo  massive,  with  a  marked  dioritic  aspect  in  many 
places.  The  surfaces  often  weather  rough  and  nodular,  giving  the 
rock  at  times  a  coarsely  conglomoratic  appearance.  Occasional  bands 
of  dolomite  occur  with  the  greenish  ichist  portion.  These  cuntinne 
south  to  the  Harlowe  road,  which  extends  east  from  the  corner  on  lots 
26-27,  between  ranges  II  and  III,  Barrie.  On  the  south  side  of  this  range 
line  road,  hills  of  black  hornblende  rock,  sometimes  schistose,  appear, 
overlying  the  reddish  granite  gneiss  ridges  to  the  south,  which  thence 
continue  along  the  coume  of  Gull  lake  and  out  to  the  line  of  the 
Kingston  and  Pembroke  railway. 

These  rocks  are  similar  to  those  seen  on  the  Addinglon  road,  south  Cloyne. 
of  Cloyne  post-offioe.  In  places  they  strongly  resemble  eruptive  rock, 
being  massive  and  sometimes  porphyritic;  at  other  places  they  present 
the  appearance  of  true  hornblende,  chlorite  or  mica  schist.  On  a  road 
leading  out  from  tbb  corner  to  the  Addington  rood  which  it  reaches 
about  a  mile  and  a  half  south  of  Cloyne  post-office,  a  broad  belt  of 
well  banded  limestone  comes  in,  which  is  evidently  the  western  exten- 
sion of  the  Long  lake  band,  bat  which  is  apparently  terminated  some- 
what abruptly  before  reaching  the  Addington  road  by  a  mass  of  green 
diorite,  with  granite,  which  is  there  well  developed,  since  the  only 
traces  of  the  limestone  seen  in  that  direction  are  certain  narrow  bands 
of  dolomite. 

A  section  of  the  rocks  seen  along  the  old  Frontenac  road  which  OMFcoDtenBc 
extends  from  Mountain  Orove  station  on  the  Canadian  Pacific  railway,  "'"^ 
across  the  A>untry  north  to  the  Madawaska  river,  shows  the  structure 
of  this  basin  in  considerable  detail.     The  southern  portion  is  largely  Contact  near 
composed  of  granite  and  gneiss,  and  the  contact  with  the  rocks  of  the        '^  ' 
overlying  series  is  about  two  miles  south  of  the  bridge  across  the 
Mississippi  river  at  Ardoch.     Here  the  lower  or  bomblendic  portion 
of  the  series  comes  in  and  is  shortly  overlain  by  the  ochreous  dolo- 
mites.    This  is  near  the  rood  which  turns  off  east  to  Green  lake,  along 
which  also  the  dolomites  are  well  exposed.     The  dip  of  the  reddish 
granite- gneiss  at  the  contact  is  N.  30°  W.     Thence  to  near  the  river 
the  dolomites  dip  regularly  to  the  north-west.     Near  the  Ardoch  bridge, 
bands  of  hornblende  rocks  with  some  red  gneiss,  and  granite  dykes  are 
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interstratified.  Jnat  north  (rf  the  bridgn  »  band  of  the  hornblende 
schist  cornea  in,  reaching  nearly  to  the  forks  of  the  road  which  paese*  by 
Long  lake.  Thea  limeatoneB,  sometimee  blue  and  nlaty,  at  other  timea 
highly  crjatallioe,  ext«nd  for  several  hundred  jarda.  About  three-fourths 
of  a  mile  north  of  the  forks  of  the  roads  the  dip  is  revereed  to  8.  30°  E. 
<  80°  and  the  hornbleode  rocks  become  more  widely  developed ;  but 
the  limestone  again  appears  in  a  bro'uj  belt  which  extends  along  the 
Plevna  road  to  a  point  half  a  mile  north  of  Swamp  creek,  the  south- 
Snow  road  east  dip  being  maintained  at  angles  of  50°  -  60°.  Here  it  ia  underlain 
pwn.  ^7  ^  band  of  hornblende  granite-gneias,  with  a   breadth  of  about  two 

miles,  which  extends  to  within  half  a  mile  of  Plevna  post-office.  This 
is  overlain  by  a  broad  area  of  crystalline  limestone  which  in  places  in 
blue  and  slaty,  and  which  ia  exported  along  the  roads  to  Plevna  and 
north  of  that  village  aa  far  as  Toiiley'a  stopping  place  on  the  Snow 
road.  It  is  also  well  «'xposed  along  a  road  which  extends  west  of 
Plevna  to  the  town  line  of  Barrie.  This  band  shows  a  well  defined 
synclinal  structure,  the  dips  near  Plevna  being  north-west  <  80°, 
while  near  the  north  limit  of  the  area  this  is  reversed  to  south-enet. 
Associated  with  the  limestone  are  bands  of  hornblende  and  mica  acbittt, 
and  the  basin  of  newer  rocks  is  terminated  northward  by  the  under- 
lying mass  of  reddish  granite- gneiss  of  the  Mozinaw  belt.  This  granite 
area  ['xtends  along  the  Snow  road  for  a  couple  of  miles,  beyond  which, 
in  this  direciioD.a  second  basin-sbaped  area  of  greenish  hornblende 
schist  and  allied  rocks  continues  to  Douglas's  house,  where  the  portage 
between  the  BruU  and  Buckahot  In^kea  croasea  the  main  road.  This 
band  is  narrow,  and  the  granitic  gneiss  again  comes  in  and  extends  to 
the  eastern  line  of  the  township  of  Abinger,  the  western  limit  of  which 
Vennscher.  is  seen  near  the  forks  of  the  road  at  Mallorjf  hill.  This  belt  of  the 
granit  -gneisft  shows  an  anticline  and  is,  at  this  place,  overlain  by 
another  broad  belt  of  the  schists  which  occupies  the  north- oast  portion 
of  Abinger  and  exbenda  to  the  corner  at  Vennacher,  already  alluded 
to,  and  which  is  apparently  the  western  extension  of  the  belt  of  schist 
and  limestone  seen  on  the  Madawaska  river  which  it  crosses  at  Moun- 
tain chute.  This  area  of  schists  apparently  terminates  in  the  rough 
country  between  thia  road  and  the  head  of  Mazinaw  lake. 
Snow  rood  Eastward  of  Plevna,  the  Snow  road  continues  through  the  eastern 

PUvna.  ''^^  °^  *'^^  township  of  Clarendon  aud  across  Palmerston,  till  it  meets 

the  Kingston  and  Pembroke  railway  north  of  the  Mismssippi  river 
bridge.  This  road,  for  more  than  twelve  miles,  or  to  a  point  several 
miles  east  of  the  village  of  Ompah,  traverses  almost  ooutinuously  a 
broad  band  of  crystalline  limestone.  In  places  thia  is  highly  altered, 
the  rock  containing  much  quartz  in  strings  and  bunches,  which  gives 
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s  ver;  ragged  snrfacn  when  weathered.     The  strike  is  nniforaily  K.  Ompah. 
60°  E.,  and  the  dip  is  for  the  moat  part  to  the  north-west,  though  this 
ohanges  about  one  mile  west  of  Ompah  to  south  east  <  50°.     Near  this 
Tillage  the  limeatone  is  associated  with  bands  of  greenish  rusty  schisti 
some  of  which,  across  thb  strike,  hare  a  breadth  of  300  to  400  jards. 

A  road  tnruB  off  south  from  the  Soow  road  about  one  mile  west  of 
Ompah  aud  crosses  the  Mississippi  river  which  ia  nearly  four  miles  dis- 
tant to  the  south.  AloQg  this  road  the  rocks  are  mostly  limestone  Slat; 
with  occasional  bauds  of  schist,  and  about  one  mile  north  <^  the  river,  ^^ 
bands  of  slaty  conglomerate,  with  quartz  pebbles,  appear,  which  are 
similar  to  the  conglomerates  noted  in  Kaladar,  south  of  Cloyoe.  They 
have  also  been  observed  at  several  intermediate  points  and  thus  appear 
to  be  fairly  persistent.  The  pebbles  in  this  conglomerate  are  drawn 
out  in  the  direction  of  the  planes  of  the  bedding.  They  were  observed 
also  along  another  road  which  extends  south  of  Ompah  corner  towards 


This  broad  band  of  limeetone  is  also  well  displayed  along  a  road  Road  ftom 
which  traverses  the  area  north  of  Mud  lake  (Mississippi  river)  which  Omp&h. 
extends  from  the  Ardooh-Flevoa  road  to  the  road  south  from  Ompah 
near  the  second  bridgeL  Here  dolomites  and  striped  limestone  aro 
almost  coDHtsntly  exposed  for  nearly  four  miles  diagonally  across  the 
strike,  and  the  rocks  show  the  presence  of  several  folds.  Near  the 
eastern  end  of  this  road  the  limeetoue  bauds  are  interstratified  with 
schists  and  hornblendic  rocks.  These  rocks  are  the  western  prolonga- 
tion of  a  broad  area  of  schists,  limestones  and  hornblende  rocks,  which 
ore  well  developed  in  the  townships  of  Lavant,  Darliug  and  Bagot,  and 
which  thence  reach  the  Ottawa  near  the  town  of  Arnprior,  where  the 
limestones  have  a  still  wider  development  and  extend  over  portions  of 
MacNab  and  Fakenham  townships. 

The  north  east  corner  of  the  township  of  Palmerston  is  traversed  by  Palmarston 
several  roads.  Of  these,  one  extends  from  Lavant  station  on  the  King-  *""  ''*' 
ston  and  Pembroke  railway  to  tbe  junction  of  the  Snow  road  which 
comes  up  from  the  Mississippi  river,  at  a  point  about  three  and  a  half 
miles  Test  of  the  itation.  On  both  these  roods  the  limestones  of  this 
series  are  well  exposed,  but  the  oands  are  fomewhat  narrower  and  the 
eohieta  and  upper  gneisses  ore  more  extensively  developed.  They  are 
frequently  cut  by  dykes  of  granite  and  by  dioritea. 

On  the  road  west  from  Lavant  staUon,  the  strike  of  the  limestones 
and  schists  varies  from  N.  30°  to  60°  E.  and  the  dip  is  to  the  south-ooat 
<  25°  to  S0°,  but  on  the  road  from  Snow  road  station  to  this  road 
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several  flat-ljiog  folds  are  seen  in  browoish  and  rusty  schistoie  gneiaa 
witb  dipa  of  five  to  ten  degreea. 

On  several  roads  north  of  the  Snow  road  the  rocks  are  less  calcareons 
and  the  schtsta  and  red  granites  more  exposed.  One  of  these  roads 
extends  from  «  short  distance  east  of  Ompab,  by  way  of  Tront 
lake,  to  Folger  station.  Near  the  crossing  of  the  Clyde  river,  west  of 
the  railway,  cbloritic  and  epidotic  rocks  are  well  displayed.  The  road 
east  of  Ompah  past  Trout  lake,  shows  varying  strata  of  schist  and 
limestone,  the  dip  of  which  is  uniformly  to  the  south-east,  and  the  same 
prevailing  dip  is  seen  on  a  couple  of  cross  roads  which  connect  this  with 
the  Snow  road. 

The  north  side  of  Trout  lake,  which  is  traversed  by  the  township 
line  of  Falmerston  and  South  Canonto,  apparently  marks  the  northern 
limit  of  this  limestone  area.  North  of  this,  to  the  Hadawaska  river, 
the  rocks  more  closely  resemble  the  underlying  granite-gDeiss  series, 
witb  which  are  oucaaional  bands  of  hornblende  rock  witb  some  thin 
Umestones,  but  the  red  granite  apparently  occupies  the  greater  portioa 
of  the  township  of  Canonto,  the  surface  being  roufjh  and  hilly  and 
unopened  by  roads,  to  the  limestone  belt  indicated  on  the  Madawaskft 
section  at  Mud  lake. 

In  the  township  of  Miller,  several  large  lakes  are  found.  Among 
these  may  be  mentioned  Buckshot,  Brul^,  Fortune,  Skeads  and  the 
Schooner  lakes.  Lake  Buckshot  discharges  into  the  Mississippi  near 
the  village  of  Ardoch,  but  the  others  flow  into  the  Madawaska  by  way 
of  Skeade  and  Mackay  creeks.  This  last  enters  the  Madawaska  river 
about  a  fourth  of  a  mile  below  the  Colton  chute,  and  a  very  fair  section 
is  presented  across  the  township. 

Ascending  from  the  Madawaska  river  by  Mackays  creek,  the  lime- 
stones, which  are  in  places  highly  tremolitic,  extend  for  about  half  .a 
mile.  Then  a  band  of  hornblende  gneiss  comes  in,  of  about  the  same 
breadth,  above  which  mixed  limestone  and  gneiss  extend  to  the  outlet 
of  Schooner  lake,  the  calcareous  rocks  largely  predominating.  Heavy 
dykes  of  whitish  pegmatite  cut  the  rocks  of  the  series,  and  at  the 
entrance  to  the  lake  the  dip  of  the  limentone  is  N.  40*  W.  The  strike 
of  the  underlying  reddish  granite-gneiss,  which  is  sometimes  well 
foliated,  but  at  other  places  massive,  is  about  N.  20°  W,  <  40°.  The 
limestone  at  this  locality  ia  also  tremolitic  and  in  parts  filled  with 
bunches^and  strings  of  quartz  with  occasional  irregular  btuidfi  of  rusty 
gneiss,  resembling  in  this  respect  much  of  the  GrenvDle  limestone. 
The  limestone  at  the  outlet  of  Schooner  lake  marks  the  sonth  side  of 
the  belt  which  crosses  the  Madawaska  river  at  the  Mountain  chute. 
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Around  Schooner  Ube  the  rocka  are  mostly  reddish  gneiss,  which  is  skeadB  and 
out  bj  djkea  of  graaitd,  oftea  fioe-grained.  At  the  narrows  connect-  ^f  '^ 
ing  vith  the  next  or  Skeads  lake  a  band  of  very  ooarsel;  crystaltiue 
limeatona  appears  with  bunches  of  white  quartz,  and  this  is  cut  hy  a 
heavj  dyke  of  red  fp-anite,  50  feet  wide,  which  is  evidently  more  recent 
than  the  limeHtone.  The  latter  rock  occupies  the  greater  part  of  the 
north  shore  of  the  second  take,  and  at  the  upper  end  a  creek  aod  short 
[Kirtage  leads  into  Mackays  lake.  The  south  shore  of  Skeads  or 
second  take  is  occupied  largely  by  the  red  granite- gneiss,  and  the  same 
rock  occupies  the  greater  part  of  the  shores  around  Mackaya  lake. 
The  strike  of  all  these  ro<:ks  is  about  N,  70°  E.  aad  the  dip  M.  20°  W. 
<  20' -40°.  Much  of  the  granite,  however,  shows  but  small  traces  of 
foliation. 

From  the  ontJet  of  Schooner  take,  a  route  by  way  of  Skeads  creek  Fortnne  lake, 
leads  to  Fortune  take,  and  the  limestone  b  exposed  at  intervals  all  the 
way.  On  Fortune  lake  the  limestone  occupies  the  north  side  and  the 
greater  part  of  the  west  shore.  It  is  cut  by  many  dykes  of  the  red 
granite.  On  the  east  side  of  the  lake  exposures  are  fewer,  but  hills  of 
the  granite  rise  in  the  direction  of  Mockays  lake  and  miisses  of  the 
black  hornblende  rock  come  in.  Thi.-)  rock  is  well  seen  on  the 
southern  end  of  Fortune  lake,  and  extends  across  to  the  northern  end 
of  Brul^  lake,  but  a  band  of  limestone  comes  in  along  the  connecting 
creek  and  extends  along  the  north  end  of  the  latter,  reaching  the  old 
Frontenac  road  which  croHses  from  the  Snow  road  into  Metawatchan 
township,  and  thence  to  the  Itfodawaska  river.  On  this  road  the  Bmie  lake. 
limestones  and  schist  are  underlain  by  the  reddish  granite  and  black 
hornblende  gneiss,  which  form  most  of  the  shores  of  BruW  lake.  The 
dip  of  these  rocks  where  seen  is  N.  20°  W.  <  SO'-SO". 

Further  east  along  the  line  of  the  Kingston  and  Pembroke  railway  Seotion  on 
a  good  section  is  afforded,  both  of  the  upper  and  of  portions  of  the  pe^roke 
lower  gneiss.    This  section  extends  from  Sharbot  lake,  which  is  on  the  railway. 
southern  margin  of  the  map  sheet,  to  Renfrew  which  is  just  at  the 
northern  margin.     The  railway,  for  a  (»nsiderable  port  of  this  dis- 
tance, follows  along  the  strike,  or  cuts  this  diagonally  ;  but  tihowa  the 
relations  of  the  two  series  at  a  number  of  places.     The  rocks  l>etween 
Clarendon  station  and  Calabogie  are  of  economic  importance  since  in 
this  part  of  the  area  some  of  the  largest  and  most  valuable  of  the  iron 
ore  deposits  of  this  district  are  situated. 

Sharbot  lake,  which  lies  just  south  of  the  map-sheet,  is  divided  into  Sharboilake. 
two  parts,  the  coonecUon  being  by  a  narrow  creek,  across  wtiich  both 
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the  Caoadiaa  PaciGc  railway  bridge  And  the  highway  road  crasaea. 
The  rocks  in  hoth  lakes  comprise  areas  of  crystalline  limestone  associ- 
at«d  with  bands  of  block  hornhlende  gneiu  and  schist  along  with  red 
granites  and  gneiss.  The  latter  feature  is  mure  especially  seen  in  the 
eastern  portion  of  the  east  Inke,  while  the  black  hornblende  schistose 
gneiss  is  better  developed  near  the  narrows  between  the  two.  ^le 
narrow  piiint  between  the  lakes  is  composed  principally  of  crytitalline 
limestone,  with  a  dip  8.  fiO*  K  <3.V~40*.  This  is  est  by  dykes  of 
granitic  rook  which  have  di-«turbed  the  oriKinnl  beddiof;  of  the  lime- 
«ton&  The  rook  is  generally  coarsely  cry-talline,  but  often  banded  or 
atriped,  like  that  of  Uenfrew  and  Arnprior.  At  the  east  end  of  the 
railway  bridge  there  is  a  cnitiiig  in  reddish-gray  micaceous  goeis%  well 
foliate  1,  and  with  partings  of  thin  bedded  sbaly  gneiss,  the  dip  of 
which  oonfonns  with  the  limesu>ne  near  the  station.  South  of  this 
along  the  railway  (K.  and  F.)  there  is  a  saccesaion  of  hornblende 
schists  and  gneiss,  cut  by  dykes  of  red  granite  for  several  miles,  hav- 
ing a  unifoi  m  south-east  dip  <  40°-7U°  to  near  George  take  where 
they  are  overlain  by  crystalline  limestones  which  apparently  conform 
in  dip  with  the  underlying  hchistuee  gneiss. 

Around  the  shores  of  west  Sharhot  lake,  the  principal  rock  exposures 
are  blackiHh  hornblende  schistose  gneiss.  This  is  often  much  decom- 
posed and  on  weathered  surfaces  is  generally  very  rusty.  In  places 
these  rocks  are  cut  by  black  coarse  hornblende  diorite ;  but  a  band 
of  limestone  extends  in  a  curving  outline  through  the  centre  of  the 
lake  and  ithows  on  the  south  side  of  the  long  point  at  the  westam 
extremity,  OS  well  as  on  several  of  the  islands  intermediate  between 
the  foot  of  the  lake  and  this  point.  The  strike  at  the  west  end  of  the 
lake  is  east  and  west  with  a  south  dip  <  4S*,  so  that  the  limestone  ia 
apparently  an  interstratified  portion  of  the  hornblende  schists  of  this 
locality. 

Along  the  line  of  the  Kingston  and  Pemlroke  railway,  north  of  thia 
placp,  the  strike  changes  to  a  more  northerly  direction,  and  in  the 
limestone  and  rnaty  rocks,  at  a  distance  of  a  mile  north  of  the  station, 
is  nearly  north  and  south,  dipping  east  <20'.  Near  the  first  road 
crossing  on  the  railway  the  dip  attain  swings  round  to  S.  40*  K  <:^3S*  ; 
but,  between  this  and  Oso  statiiin,  the  limestone  and  schist  are 
apparently  cut  by  masses  of  red  granite,  and  the  strike  varies  from  N. 
£.  to  N.W.,  the  dip  being  however  easterly  in  both  cases. 

From  Oso  station  to  Clarendon  station,  ledges  of  crystalline  lime- 
atone  are  frequent  and  cnttings  in  this  rock  are  seen  at  intervals  for 
the  greater  part  of  the  distanoe.     Ths  limestones  frequently  preaeat 
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the  banded  aspect  so  common  to  the  limeatonea  of  the  Hastings  series, 
and  dykes  of  reddish  gronite  are  common.  Along  tbia  part  of  the 
section  the  dips  are  very  nnifonnly  to  the  south-east  and  vary  from 
S.  30°-55°  E,  <  40° -50°,  but  at  one  point  about  midway,  near  a  mass 
of  blackinh  diorite,  the  dip  swings  round  to  S.  10°  W.  <43°,  though 
the  strike  speedily  changes  again  to  the  normal  direction  of  N.  60*  E. 
Xear  Clarendon  station,  and  for  nearly  a  mile  and  a  half  south  of  that 
point,  masses  of  hornblende  gneiss  and  granite  occur  with  several 
minor  bands  of  limestone. 

The  seemingly  broad  band  of  limestone  noted  on  this  portion  of  the 
section  north  of  Oso  station  does  not  appear  to  extend  far  to  the  east. 
It  is  terminated  in  this  direction  apparently  by  masses  of  red  granite 
and  by  hornblende  or  amphibolite  rocks  which  form  large  areas  between 
the  railway  and  the  western  line  of  the  townships  of  North  and  South 
Sherbrooke,  but  the  limestone  band  of  Sharbob  lake  extends  continu- 
ously into  South  Sherbrooke,  and  further  east  it  occupies  a  large  portion 
of  the  southern  half  of  Dalhousie,  nearly  the  whole  of  Lanark,  and  the 
northern  part  of  Bamsay,  till  it  is  conceal^  by  the  Paleozoic  rocks  of 
the  Ottawa  basin  east  of  the  Mississippi  river. 

Between  Clarendon  and  Snow  road  station,  which  is  a  short  distance  Clarendoa  tn 
north  of  the  crossing  of  the  Mississippi  river,  the  limestone  outcrops  are    """ 
tew.      The  rocks  are  mostly  red  granite,  sometimes  gneissio,  with 
masses  of  black  or  dark  green  diorite,  and  near  Mississippi  station, 
bands  of  hornblende  schist.     At  thb  last  place  a  band  of  limestone 
crosses  the  railway  with  a  dip  of  S.  &5°  K  <  30°,  which  contains  much 
quarts,  and  this  continues  on  the  strike  across  the  river  into  the 
northern  part  of  the  township  of  North  Sherbrooke,  where  it  is  cutoff 
by  masses  of  intrusive  granite  and  diorite.     The  limestones  at  this 
place  are  much  altered.     They  are  invaded  in  all  directions  by  the    ■ 
intrasive  rocks  which  sometimes  cut  them  off  on  their  strike,  and    . 
8(HnetimeB  contain  muases  of  the  limestone  as  if  caught  up  in  the 
diorite  mass.     The  limestones  are  also  filled  with  bunches  and  masses 
of  quartz.     The  Robertsville  iron  mine  occurs  a  short  distance  east  of  Iron  minea. 
the  railway  at. Roberts ville  station. 

Between  Mississippi  station  and  the  Mississippi  river  the  cocks  are 
mostly  red  granites,  sometimes  massive,  but  occasionally  well  foliated ; 
but  north  of  the  river,  in  the  vicinity  of  Snow  road  station,  beds  of 
hornblende  and  mica  schist  come  in.  These  are  cut  by  dykes  of  red 
granite  and  bj  masses  of  the  same  rock.  The  strike  of  the  foliation 
in  the  granite  near  the  bridge  over  the  Hisussippi  river  is  N.  10*  £. 
and  tjie  dip  is  8.  60*  £.  <  10*. 
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K  North  of  Snow  roiui  statioo  toward  Lavant,  nd  granite  with  mica 
and  hornblende  t-chiat,  continues  alonK  the  track  for  a  little  more  than 
three  miles,  to  a  band  of  white  limeFitoiie  which  overiieo  the  schiet. 
The  dips  of  chiB  fieriea.  while  frenerally  to  the  aouth-past,  range  from  8. 
20°-70°  £.  <  10°-40°,  being  aomerinies  auHdfnly  deflected  as  if  through 
the  agency  of  soma  intrusive  mass.  From  the  point  indicated  where 
the  limestone  first  appears  on  the  line  of  railway,  the  rocks  to  Lavant 
consist  for  the  most  {lart  of  micaceous  and  hornblende  schist  with 
bands  of  limestone,  the  dips  as  already  noted.  Occasional  maaaea  o£ 
red  granite  i-how  through  the  "chiats  and  limestone.  In  the  northern 
part  of  this  section  the  iron  mines,  called  the  Wilbur  and  the  Caldu  ell, 
are  located.  The  rocks  at  these  mines  are  largely  green  chlorite 
schist,  with  red  granite  and  dolomitic  lioiestoDe.  The  whole  are  much 
broken  up,  apparently  by  a  mass  of  red  granite  which  cuts  the  rocks 
at  this  place  and  forms  a  prominent  ridge  to  the  south-east,  extending 
along  the  east  aide  of  the  road  which  leads  from  the  Wilbur  mine  to 
the  road  ironing  east  from  Lavant  station  to  Poland. 

From  Lavant  station  to  Flower  st^ition  the  rocks  vary  somewhat 
from  thoee  just  describt.-d.  There  is  a  greater  predominance  of  mica 
and  gametiferous  schiats,  and  the  granite  areas  are  of  smaller  ertenk 
At  the  former  station  the  banded  and  white  limestone  dips  N'.  70°  EL 
<  15°  and  extends  for  nearly  a  fourth  of  a  mile  to  a  mass  of  red 
granite.  This  continues  for  nearly  a  mile  and  a  half  or  to  wi  bin  half  a 
mile  of  Folger  station,  where  ir,  is  met  by  rusty  hornblende  schist  which 
dips  S.  40°  E.  <  85°~90°.  North  of  this  station,  granitic,  hornblende  and 
epidote  rocks  extend  for  three-fourths  nf  a  mile,  with  a  similar  dip 
<70°.  Uereabandof  micaschist,  bright  and  silvery  on  cleavage,  comes 
to  the  railway.  This  rock  is  sometimes  purple-tinted  and  it  extends 
for  three-fourths  of  a  mile,  with  a  dip  of  S.  20''-30°  E.  <C0°  to  a  band 
of  limestone  with  the  same  dip.  From  this  to  Clyde  forks  the  schists 
are  again  strongly  developed  with  bands  of  pinkish  and  gray  dolomite, 
the  dip  remaining  constant  to  the  south-east,  with  variations  of  20°  to 
40°  degrees.  The  schists  strike  N.  to  N.  30°  G.  and  extend  eastward, 
crossing  the  rood  south  from  Calabogie  lake  to  Darling  township. 
Near  Clyde  Forks  they  are  cut  by  massee  of  red  granite.  Along  the 
railway  thence  northward  the  dolomites  and  schists  continue  for 
about  a  mile  beyond  Flower  station.  On  the  road  south-east 
from  the  station  toward  Joes  lake  the  schists  are  well  exposed  till  they 
meet  the  reddish  granite  gneiss  south  of  the  Clyde  river,  but  from  the 
point  indicated  north  of  Flower  station  to  the  head  of  Calabogie  lake 
the  rocks  are  largely  hornblendic  with  occasional  thin  bands  of  crystal- 
line limestone  or  dolomite,  and  the  strike  is  nearly  north  and  sonth 
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vith  a  dip  to  the  east.  Approaching  the  lake,  the  dip  swings  round 
to  N.  70°  E.  <  40°  and  thin  binds  of  the  liraestone  come  in  near  the 
.  shore.  About  half  a  mile  souch  of  Rathbun's  switch  the  dip  iigun 
changes  to  S.  65". £.  and  the  rocks  are  broken  across  b^  coarse  dark 
dioritee.  >  East  of  this  to  the  crossing  of  the  sonth  ba;  of  Calabogie 
lake  the  rocks  are  drift  covered,  but  an  outlier  of  Black  River  limestone 
here  oomea  in  with  a  breadth  of  nearly  a  mile,  and  is  well  exposed 
on  a  road  to  the  south  about  a  mile  distant. 

Between  this  bay  and  Calabt^e  station  the  south  side  of  the  lake  is 
occupied  by  a  band  of  crystalline  limestone,  through  which  a  deep 
cutting  has  been  made  for  the  railway.  This  rock  is  dolomilic  and 
has  interbedded  layers  of  hornblende  and  mica  schist  in  places,  the 
whole  being  cut  by  dykes  of  red  granite.  The  dip  of  these  rocks  is  3. 
30°  E.  <25°.  The  limestones  are  sometimes  tn^molitic,  and  they  are 
well  exposed  around  the  east  end  of  the  lake'  and  through  Calabogie 
village.  Near  the  station  the  strata  are  nearly  flat,  while  along  the 
river,  below  the  railway  bridge,  the  hornblende  rocks  are  well  exposed 
with  a  dip  of  8.  30°  E.  <30°.  To  the  south  of  this  place,  laige 
deposits  of  magnetic  iron  ore  occur  which  have  been  worked  at  inter- 
vals for  some  years.  Some  of  this  ore  is  apparently  of  excellent 
quftlity  and  apparently  quite  free  from  sulphur,  but  certain  portions, 
judging  from  the  ore  in  the  dumps  contain  small  quantities  of  pyrites 
and  may  be  classed  as  sulphurous. 

From  Calabogie  to  Renfrew  town  the  railway  presents  many  out-  Calabogie  i 
crops  pt  rock  and  cuttings  are  numerous.  The  schists  are  often  highly  Itsnfrev. 
micaceous  and  are  associated  with  bands  of  dolomite  which  is 
frequently  beautifully  tremoliiic,  fine  specimens  being  obtainable  at 
several  places.  A  considerable  area  of  blackish  gray  diorite  rock,  with 
granite  and  syenite  occurs  between  Norway  lake  and  Asbdod  station, 
and  extends  for  nearly  a  mile  south  of  the  former  place,  where  it  is  ia 
contact  with  the  schists  and  limestones  which  are  thence  exposed 
almost  continuously  to  Calabogie.  Several  tow  anticlisalR  are  seen  in 
this  part  of  the  section.  East  of  Ashdod  the  same  granitic  rocks  con- 
tinue for  about  three-fourths  of  a  mile  to  similar  schists  and  dolomites. 
The  latter  frequently  present  the  striped  or  banded  aspect,  seen  so 
often  in  the  limestones  of  the  Haatings  series,  but  are  frequently  cut 
by  masses  of  the  red  granite,  when  tbey  become  highly  crystalline. 
These  schists  and  tremolitic  dolomites  are  exposed  almost  continuously 
to  within  a  few  hundred  yards  of  Opeongo  station,  the  dip  being 
generally  S.  6O°-70°  E.  <  20°-40*,  but  occasionally  there  is  a  reverse 
dip  to  the  north-weet.     Masses  of  pegmatite  and  red  granite  aro  seen 
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at  iatarrala.  Eaat  of  thu  steUon  to  Renfrew  Juaction,  which  is  one 
mile  weat  of  the  town,  the  rooks  are  more  hornblendic  and  sometimea 
gneissi^  but  have  aaaociated  bands  of  mica  aobtsL  At  the  croasing 
of  the  creek  in  the  west  part  of  Renfrew  near  the  cheese  factory,  a 
band  of  ooaraely  cryitalline  piokieh  limestone  shows  in  the  bed  of  the 
brook,  with  a  dip  of  N.  10*  K  <60*,  and  in  the  town  itself  are  heavy 
ledges  of  blnish-wfait*  striped  limestone  like  that  of  ArnpHor,  which 
are  extensively  quarried  for  building  parpoees,  and  for  lime  burning, 
in  which  the  dip  ia  If,  20*  E.  <  1<>*.  The  blaok  borablende  schist 
■bows  along  the  roods  juat  sonth  of  the  town,  dipping  beneath  the 
limestone. 
Oianita  leta.  In  the  townahips  of  Lavan^  Darling  and  part  of  Bagot  the  largest 
development  of  the  schists  just  described  is  seen.  In  the  western 
portion  of  Lavant  these  are  interrupted  by  a  mass  of  reddish  granite- 
gneiss  which  is  apparently  an  extension  north-eastward  of  the  large 
mass  seen  in  Palmerston  and  North  Sberbrooke,  and  which  reappears 
fnrther  to  the  north-east  along  the  north  aide  of  White  lake  in  the 
southern  part  of  Bagot  and  MacNab. 
ArMOMtof  East  of  the  Kingston  and  Pembroke  railway  the  townships  are  for 
^^^1^^  the  meet  part  well  opened  up  by  roads,  and  the  examination  of  the 
'•U**!'-  ooontry  is  oorrespondingly  facilitated  and  comparatively  easy.     The 

•out)  ern  part  of  the  mB[^heet  is  oroseed  by  the  line  of  the  Canadian 
Pacific  railway  which  traverses  the  area  between  Carteton  Place  and 
Sharbot  lake,  and  along  which  rocks  of  Potsdam  and  Calciferons  age 
are  exposed,  from  the  first  named  place  to  a  point  several  miles  west 
of  ihe  town  of  Perth.  West  of  this,  however,  the  rock  exposures 
along  and  near  the  line  of  the  railway,  are  of  reddish  gneiss  and 
granite.  A  band  of  cryatalline  limestone  comes  in  about  one  and  a 
half  mile  east  of  the  west  line  of  the  township  of  Batburst,  and  con- 
tinues for  several  miles  to  the  westward.  It  has  however  but  a  small 
development  throughout  most  of  its  outcrop,  and  apparently  disappears 
near  the  east  line  of  the  township  of  Oaa  It  may  representone  of  the 
small  bands  which  has  been  noted  as  occurring  on  the  east  side  of 
lower  Sharbot  lak& 
Baotion  aoath  A  section  along  the  road  south  of  Maberly,  to  the  south  line  of 
South  Sberbrooke,  shows,  for  some  miles  south  of  the  Canadian  Pacific 
railway,  *  succession  of  outcrops  of  generally  reddish  granite-gneiss 
with  bonds  of  hornblendic  gneiss  and  granite.  A  short  distance  north 
of  the  bridge  which  croeaea  the  Tay  river  midway  becween  Christie 
lake  and  Bobs  lake,  the  limestone  band  which  is  seen  on  the  latMr, 
08  also  on  Fogona  lake  to  the  south,  ia  met.    This  bond  baa  in  plaoes 
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a  brendtb  of  a  mile  and  extends  eastward,  apparently  croesiag  Christie 
lake  and  continuing  in  a  narroir  ontcrop  into  the  township  O'  Bathurst. 
The  road  south  of  the  Tay  eastward,  towards  Penh,  after  crossing  the 
limestone  area,  passes  over  almost  continuous  exposures  of  reddish 
gneiss,  with  occasional  masses  of  granite,  till  it  meets  the  overlap  of 
the  Poladam  sandstone.  The  strike  of  this  gneiss  is  S.  60*-60°  £.  and 
the  dip  generally  north-west. 

Throughout  the  township  of  Bathurst  the  red  gneiss  and  granite  Bathnrrt. 
are  the  previuling  rocks.  An  occasional  small  area  of  crystalline  lime- 
stone appears  but  the  rock  is  essentially  a  granite-gneiss  to  the  south 
shore  of  Bennett  lake  in  the  northern  part  of  this  township.  At  this 
latter  place  the  extension  of  the  limestone  belt,  noted  at  Sharbot  lake 
station  and  along  the  roads  east  of  that  place,  comes  in  and  occupies 
apparently  the  whole  of  the  area  of  the  lake  which  hatf  a  length  of 
about  five  miles,  being  long  and  narrow  ;  this  band  continues,  with  a 
widening  area,  eastward  into  the  township  of  Lanark.  The  calcareous  Fall  brook, 
rocks  are  well  exposed  at  Fall  brook  where  they  are  interst ratified 
with  grayish  and  often  rusty  gneiss  forming  apparently  the  sonthem 
limit  of  the  main  limestone  area  of  Lanark  and  Dalhousie  townsiiips. 

The  strike  of  the  limestone  and  associated  gneiss  is  very  uniformly 
N.  eO"  R  varying  from  N.  80°  t  ■  N.  50°  E.  for  short  distances.  The 
prevailing  dips  over  large  areas  are  to  the  south  east,  but  reverse  dips 
to  the  north-west  are  noted  at  several  points.  In  places  the  limestone 
is  bluish  and  slaty,  resembling  that  on  Long  lake  of  the  Mississippi 
already  described.  This  slaty  feature  is  well  seen  a  short  distance 
west  of  Lanark  village,  but  more  frequently  the  rock  is  highly  meta- 
inorpbic  and  contains  on  abundance  of  quartz  in  strings  and  irregular 
bunches,  which  on  weathered  surfaces  gives  the  mass  a  very  rough 
appearance. 

In  the  north  portion  of  Babhurst  and  in  the  southern  part  of  Dal-  ] 
housie  which  adjoins  it  on  the  north,  the  belt  of  limestone  has  a 
breadth  of  several  miles  extending  to  the  shores  of  Dalhousie  lake. 
In  the  south-west  corner  of  the  last  named  township  it  is  associated 
with  hornblende  rocks  which  sre  well  exposed  to  the  west  of  tlie  road 
leading  from  Playfair  to  McDonald's  comers.  The  north-westlimitof 
this  limestone  area  is  seen  near  the  south-west  angle  of  Dalhousie  lake, 
where  it  is  in  contact  with  the  moss  of  red  gran  te  of  South  Sberbrooke, 
but  along  the  road  from  McDonald's  corner  almost  to  Elpfain,  the  cal- 
careous beds  are  well  exposed.  They  are  well  banded  or  striped  and 
have  a  dip  of  S.  40°  E.  On  the  rood  from  this  comer  to  the  foot  of 
Dalhousie  lake  they  are  also  well  seen,  and  ibey  occupy  the  lower  end 
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of  the  lake,  on  the  north  aide,  for  about  a  mile  above  the  outlet  From 
tb«  foot  of  the  Iftke  along  th«  straight  road  leading  to  Wataons  cor- 
ner the  limestone  is  almost  constantly  exposed  but  the  dip  ia  here 
rereraed  to  N.  20°-30°  W.  <  30°,  ehowing  the  preaence  of  an  anticlinal 
in  this  direction.  About  midway  between  the  foot  of  the  lake  and 
Wataona  corner  it  ia  invaded  by  a  maaa  of  red  granite,  but  thie  doea 
not  apparently  affect  the  general  run  of  the  Btrata.  These  limeetones 
preaent  the  striped  aspect  already  referred  to. 
Dalboatie  On  the  road  north  from  the  foot  of  Dalhouaie  lake  towards  Poland 

Pobnd.  *'b^  calcareous  strata  extend  for  about  a  mile  to  a  masa  of  red  granite, 

whioh  is  thence  exposed  along  this  road  to  Patterson  lake,  and  further 
on  becomes  aaaociated  with.maasea  of  black  or  aometimes  greeniah 
hornblende  rocks  which  extend  thence,  with  but  slight  interruption,  to 
the  northern  limit  of  the  tovnship.  On  the  road  north  from  Watsons 
corner  between  ranges  II.  and  III.,  the  striped  or  banded  limestone 
eztenda  for  about  a  mile  alao,  when  it  is  met  by  granite  ridgea,  and 
becomes  in  places  interstratilied  with  beds  of  grayiah  and  sometimea 
maty  gneisa.  Along  this  road  about  three  milea  distant  from  the 
corner  there  is  a  depoait  of  pyrrhotite  with  diorit«  in  the  rusty  gneiss 
which  haa  been  alightly  opened  up,  and  the  mineral  found  to  contain 
a  small  percentage  of  nickel.  There  are  atternatioDS  of  limestone  and 
gneisa  with  granites  for  about  three  miles  north  of  Watsons  comer, 
when  the  calcareous  portion  of  the  series  apparently  disappears  in  this 
direction.  The  last  outcrops  of  the  limestones  are  noted  about  half  a 
mile  north  of  the  church  at  the  cross  roads  on  lot  16.  Thence  north 
to  the  limit  of  the  townahip  the  rocks  are  red  granitea  with  great 
masaea  of  black  hornblende  diorites  in  which  there  is  generally  no 
trace  of  foliation.  These  hornblende  rocks  occupy  a  large  portion  of 
the  northern  half  of  the  township  of  Dalhouaie.  In  places  a  schistose 
structure  is  visible,  but  for  the  moat  part  the  rock  is  masaive.  They 
extend  into  the  southern  portion  of  the  township  of  lAvant  adjacent 
on  the  north,  where  they  are  alao  mixed  up  with  masaea  of  reddiah 
granite,  forming  a  rough  country  of  but  amall  agricultural  value. 
Detached  areas  of  dolomite  of  limited  extent  are  occasionally  eeen 
which  weather  very  brown  and  are  ochreous,  aaauming  sometimes  the 
character  of  a  dolomite  aohist,  and  the  maaaive  rooks  of  the  district 
generally  present  the  featurea  of  intruaive  rooks  in  the  aohiata  and 
limestone. 
Poland  west  Poland  village  is  in  the  northern  part  of  Dalhoaaie  township,  and 
■^tjon*"  from  this  point  roads  extend  west  to  Lavant  station  on  the  Kingston 
and  Pembroke  railway,  and  north  through  Lavant  township.     To  the 
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soath  a  road  exteada  also  to  the  foot  of  Dalhonsie  Uke  oonoectiitg  with  , 
other  Foada  which  traverse  the  north-west  portion  of  the  township. 
On  the  road  west  to  Lavant  station  the  rooks  for  some  miles,  or  almost 
to  Robertson  lake,  which  is  in  the  south-west  corner  of  Lavant,  are 
mostly  reddish  and  granitic  or  dark  eoloared  and  hornblendic.  A 
band  of  crystalline  limestone  crosses  this  road  at  a  stream  on  the  town- 
ship line  where  tbero  is  a  mill,  about  midway  between  the  village  and 
Robertson  lake.  The  limestone  does  not  extend  far  to  the  east  as  it 
is  not  seen  on  another  road  leading  north  from  Poland,  being  appar- 
ently cut  o£F  by  a  mass  of  the  greenish-black  hornblende  rock  which 
has  an  extensive  development  in  this  direction.  To  the  south-west, 
however,  it  may  be  continuous  with  a  band  of  limestone  which  appears 
on  the  Lavant  mill  road  south  of  Robertson  lake,  and  which  may  be 
the  north-east  extension  of  one  of  the  bands  seen  to  the  east  of  Snow 
road  station.  A  second  band  appears  oa  the  road  to  Lavanb  station  a 
abort  distance  east  of  the  lake  at  Lavant  post  office.  This  band 
extends  past  the  south  end  of  the  lake,  beyond  which  point  it  has  not 
been  traced. 

The  sborea  of  Robertson  lake  on  the  west  side  are  composed  RobertBon 
entirely  of  ordinary  reddish  granite,  which  in  places  shows  foliation,  ''^*' 
but  is  generally  massive.  This  appears  to  be  the  eastward  extension 
of  the  great  area  of  gianite-gneisa  already  referred  to  as  occurring 
around  the  shores  of  Oull  and  Croche  lakes  and  which  occupies  the 
northern  portion  of  the  township  of  North  Sherbrooke.  The  granite 
extends  west  of  the  lake  to  the  forks  of  the  road  leading  to  the  Wilbur 
iron  mine,  along  which  it  is  well  seen  to  the  eastward  in  a  prominent 
ridge,  but  beyond  this  point  the  schists  and  associated  limestone  come 
in  and  extend  to  the  EingstcHi  and  Pembroke  railway.  The  schists  in 
this  part  of  the  section  are  often  highly  micaceous. 

On  the  Lavant  mill-road  from  Robertson  lake  south,  to  the  head  levant 
of  Dalhousie  lake  and  on  a  branch  road  leading  thence  to  Snow  road  °"'*"™' 
atation,  almost  continuous  exposures  of  black  hornblende  rocks,  with 
masses  of  red  granite,  are  seen.  About  midway  a  band  of  limestone 
comes  in  with  a  breadth  of  several  hundred  yarda  which  may  be  the 
extension  westward  of  the  bond  refeired  to  on  the  road  west  from 
Poland,  though  its  connection  has  not  been  traced.  Along  ibe  north 
aide  of  the  Mississippi  river,  east  of  the  Snow  road  crossing,  limestones 
are  exposed  but  these  are  much  broken  up  by  masses  of  granite  and 
diorite  and  their  distribution  is  very  irregular.  The  northern  portion 
of  North  Sherbrooke  may  be  said  to  be  largely  occupied  by  maises  of 
granite  and  hornblende  rooks  in  which  small  areas  of  limestone  are 
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Bomatimw  Been,  bat  theae  &re  uauftlly  highly  alt«rsd  &nd  have  an 
KbaudaDoe  of  diBaeminated  qoartz. 

AreftKHith  Oa  the  roads  traversing  the  central  portion  of  DathoDBie,  south  of 

FoUnd,  the  ume  black  hornblende  rocko,  aaKwiated  with  granites,  are 
predominant.  Several  small  bands  of  limestone  were  noted  in  this 
area  bat  their  distribution  is  evidently  looal  since  they  cannot  be 
traced  to  any  ooDsiderable  distance  in  either  direction.  The  southern 
part  of  this  are^  in  the  vi  inity  of  Patterson  lake,  and  to  the  north  of  it 
is  appar  nlly  occupied  largely  by  the  red  granilee  to  the  contact  vith 
the  limestone  area  nlready  noted  u  extending  along  the  road  from 
Dalbousie  lake  to  Watoons  corners. 

Area  north  North  of  Poland  villn(i;e>  the  roads  thenoe  into  levant  township  as 

far  u  Clyde  forks,  and  thence  east  to  the  Darliog  road,  show  a  con- 
siderable development  of  born  blende  rooks.  In  places  theae  consist  of 
nUHeive  diorites  with  areas  of  schists,  and  occaaicnally  there  are  masses 
of  red  granite.  Bands  of  dolomite,  sometimes  very  ochreous  on 
weathered  surfaces,  occur,  and  sometimes  theae  are  filled  with  strings 
and  bunches  of  white  quartz  ;  bat  the  eastern  half  of  this  township  is 
largely  occi'pied  by  the  rocks  of  the  hornblende  series.  Indications  of 
ores  of  several  kinds  are  found  at  different  points,  including  iron, 
copper,  etc.,  but  much  of  the  district  is  unsettled  and  has  never  been 
thoroughly  prospected  for  economic  minerals. 

Ci^iU»f^e  to        A  good  section  is  afforded  by  the  road  which  traverdes  the  town- 

poBt-ofGoe!  ships  of  Bngot  and  Darling  from  the  east  end  of  Calabogie  lake  to 
Brightside  post-office,  formerly  La  Rocques  oimer.  Near  the  lake  the 
rooks  along  the  road  are  limestones  with  schists  of  (several  kinds,  and 
occasional  masses  of  diorite  on  either  side,  in  which  are  located  several 
of  the  iron  mines  of  the  Calabogie  area.  These  ores  have  been  mined 
at  intei^ob  for  some  years.  A  mass  of  red  graniie  comes  in  near  the 
cross  road  about  one  and  a  half  mile  south  of  the  bridge  over  the 
Madawaska  river  and  has  a  breadth  of  several  hundred  yards.  This 
is  followed  southward  by  black  hornblende  schists  with  diorites  for  a 
couple  of  miles  to  a  small  take  on  the  west  side  of  the  road.  Here  a 
band  of  dolomite,  containing  on  abondanoe  of  quartz  in  strings  and 
bunches,  crosses  the  road  and  extends  west  for  a  mile  or  more  into  the 
unsettled  oountfy.  This  band  hae  a  breadth  of  about  half  a  mile,  and 
is  again  succeeded  by  similar  hornblende  schists  and  diorites  as  before 
with  a  breadth  of  a  mile,  to  a  somewhat  extensive  area  of  the  quartz- 
bearing  dolomites  which  comes  from  the  vicinity  of  White  lake  on  the 
east.  This  dolomite  area  is  exposed  along  the  roads  for  nearly  three 
miles  and  extends  across  into  Darling  township.    The  band  appsjently 
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dies  out  »  short  distance  west  of  this  road,  and  theoce  to  White  post-  White 
office,  the  rocks  are  a  saccession  of  tbrae  quartz-bearing  limestones  P^"™"""- 
with  bands  of  hornblende  rook  which  Bometimes  are  tme  Bchists. 
Occaaional  masses  of  red  granite  are  seen,  but  the  rocks  as  a  whole  are 
diatinctlf  hornbleDdic.  The  strike  of  these  is  oniforml;  to  the  north- 
east, the  dip  not  always  easily  determined.  South  of  White  post-office 
dioritea  and  granites  extend  for  about  three  miles,  with  one  or  two 
narrow  bands  of  dolomite,  but  at  this  point  a  somewhat  broad  area  of 
limestone  comes  in  which  extends  thence  nearly  to  Brightside,  or  to 
the  road  north  of  that  point  which  leads  across  to  Tatlook.  This 
limestone  is  the  iianal  striped  variety  with  bands  of  grayish  rusty 
gneiss  and  has  a  south-east  dip.  Near  Brightside  it  meets  an  area  of 
granite  which  is  well  exposed  along  a  road  which  follows  the  township 
line  in  the  direction  of  Clayton.  The  limestone  band  just  indicated 
continues  north-east  to  Tatiock  where  it  crosses  a  road  leading  north, 
with  e,  breadth  of  about  two  miles,  and  is  thence  continuous  into 
MacNab  as  part  of  the  great  calcareous  band  of  that  township.  North 
of  Tatiock  it  is  separated  from  the  large  area  of  White  lake  by  a  belt 
of  green  diorite  or  chloritic  rocks,  which  extends  to  near  the  end  of 
the  long  south-east  bay  of  that  lake  in  the  township  of  Darling. 

The  north-east  part  of  this  township  is  intersected  by  White  lake  white  Uli«. 
which  extendti  south-west  from  White  lake  post-office  in  the  southern 
piart  of  MacNab.  The  south-east  side  of  this  lake  is  marked  by  several 
deep  bays  and  large  exposures  of  the  striped  hmestone  are  everywhere 
visible.  This  is  termiaat«d  westerly  by  the  great  mass  of  the  horn- 
blende rooks  described  as  occurring  on  the  road  south  from  Calabogie. 
The  north  side  of  the  lake  is  occupied  by  a  heavy  moss  of  generally 
reddish  granite,  which  occupies  the  south-east  comer  of  Ba^t.  East 
and  north  of  this  lake  thn  limestone  spreads  out  and  continues  into 
the  townships  of  Pakenham  and  MacNab  till  it  is  overlain  by  the  Black 
River  limestone  of  the  Ottawa  basin  or  by  the  Catciferous  and  Cbazy 
formations  of  Arnprior  and  Sand  Point.  The  strike  of  the  crystalline 
liipestonea  at  White  lake  postK>ffico  is  N.  fiO'-TO'  G.  and  the  dip  is 
north-weMt  <60''-70°. 

The  roads  from  the  foot  of  Whito  lake  at  the  post-office  continue  White  lake 
north-east  to  Arnprior,  and  north-west  to  Burnstowa  on  the  Hada- '^ -^'"P"'*' 
waska  river.  Along  the  latter  the  limestones  are  exposed  almost 
oontinuously  to  the  cross  roads  half  a  mile  south  of  the  river,  where 
thedip  becomes  reversed  to  S,  15*  &<80°.  Here,  thin  bands  of 
gneiss  and  schist  are  associated,  and  the  limestone  area  practically 
disappears  when  the  river  is  crossed  at  Bnmstown,  giving  place  to 
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black  horablende  rocks  aad  echiste  with  &re&a  of  reddish  gnnite.  On 
the  continuatiun  of  this  road  to  Benfraw  the  limestoae  does  not  appear, 
or  but  slightly,  till  withia  a  couple  of  milaa  of  the  latter  place,  where 
a  band  several  hundred  yards  in  width  croaaee  the  road  in  a  north-east 
course,  &nd  continues  on  its  strike  to  the  line  of  the  Canada  Atlantic 
railway.  The  rocks  along  this  road  to  Renfrew  dip  S.  20*-30°  E  the 
dips  ranging  from  <  30*-90°. 

Arw  aouth  From  this  road  another  turns  o£F  weit  about  midway  between  Bums- 

town  and  Renfrew,  and  traveraee  the  wnbh-east  corner  of  Bagot,  cross- 
ing for  the  moit  part  an  area  of  red  granite,  which  is  often  ooarae  and 
without  foliation.  This  road  extends  aorou  to  one  which  oonneuts 
the  Tillages  of  Springtown  and  fiumstown,  along  the  north  side  of  the 
MadawBska  river,  and  no  limeatone  was  observed  in  this  direction. 

On  the  road  north-east  from  the  foot  of  White  lake  to  Amprior  the 
same  area  of  crystalline  limestoae  is  seen  for  a  distance  of  about  one 
mile  and  a  half.  The  road  descends  in  this  distance  from  the  height 
of  land  at  the  lake  to  the  great  flat  area  south  of  Arnprior  which  is 
occupied  in  part  by  Black  River  limestone,  but  here  the  rocks  are 
mostly  concealed  by  a  great  covering  of  clays.  All  these  limestones 
are  of  the  striped  variety  and  they  again  appear  in  the  town  of 
Arnprior,  from  beneath  the  mantle  of  Oalciferous  limestone,  when 
they  are  extensively  quarried  for  lime-burning  and  for  building  stone. 

^5'a^'''  to.  ■^  somewhat  impcwtant  area  of  this  limestone  is  also  found  in  the 
north-west  part  of  the  township  of  Blythfield,  to  the  weatof  Calabogie 
lake,  where  it  has  a  breidtb  in  places  of  nearly  two  miles.  From  the 
west  end  of  this  lake  it  can  be  traced  in  a  curving  outline,  south-west 
across  the  Madawaska  river  into  North  Oanonto,  and  it  is  probably 
connected  there  with  the  outcrops  which  have  been  described  as 
occurring  on  the  shores  of  Mud  lake,  in  the  Madawaska  river  section, 
where  however  this  rock  is  interst  rati  fled  with  heavy  bands  of  gneisa. 
North-east  from  Calabogie  lake  it  extends  across  the  corner  of  Bagot 
into  AdmastoQ,  where  it  is  associated  with  schistose  and  hornblende 

AnorthoBiw     rocks,  and  thence,  continuing  north-east,  reaches  the  Ottawa  river 

du  Fott,  below  the  village  of  Portage  du  Fort,  where  it  becomes  much  disturbed 

and  sometimes  entirely  cut  off  by  masses  of  anorthosite  and  of  red 
granit«  on  the  north  side  of  that  river.  The  limestones  along  this 
part  of  the  Ottawa  are  associated  with  bands  of  rusty  grayish  and 
black  gneiss  which  are  identical  with  those  seen  with  the  limestones 
of  the  Orenville  district,  the  rocks  of  the  two  sides  of  the  river  being 
identical  in  many  respects  and  the  strata  continnoos.  While  the 
strike  of  these  rocks  is  to  the  north-east,  they  present  minor  variations 
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and  are  also  thrown  into  several  foEda  as  though  the  strata  were  dis- 
placed by  the  agency  of  intrusive  masses  of  granite  and  andrthosite, 
the  latter  rock  appearing  in  a  large  mass,  several  square  miles  In 
extent,  to  the  south  of  the  village  of  Portage  du  Fort,  in  the  northern 
part  of  the  township  of  Horton.  This  area  of  limestone  is  separated 
from  that  of  the  White  lake  basin  by  a  great  mass  of  granite-gneiss  in 
MacNab  township  which  appears  along  the  line  of  the  Canada  Atlantic 
rulway  between  Renfrew  and  New  Glasgow  and  for  some  miles  on 
either  side,  and  which  occupies  the  country  to  the  foot  of  the  Chajj 
and  Black  River  ridge  south  of  Sand  Point,  which  is  on  the  shore  of 
the  Ottawa  about  five  miles  west  of  Aroprior. 

The  synclinal  character  of  the  large  limestone  basin  of  White  lake  Synoline^ 
and  the  loner  Madawaska  river  is  seen  by  the  reverse  dips  of  the 
strata  at  Stewartsville,  which  is  north  of  the  river,  where  dips  are  well 
defined  to  the  south.  The  strike  is  here  deflected  to  the  east  and  even 
to  the  south  of  east  as  if  by  the  agency  of  the  granite  mass  already 
referred  to  along  the  Canada  Atlantic  railway  east  of  Renfrew.  In 
this  respect  the  structure  of  thi-<  basin  resembles  that  already  noted  as 
prevailing  ia  the  areas  to  the  south  and  west  as  also  at  points  along 
the  north  side  of  the  Ottawa ;  and  it  may  be  generally  stated  that  this 
synclinal  feature  is  general  throughout  the  greater  portion  of  the  area 
under  oonsideration. 

In  the  township  of  Ramsay  the  broad  belt  of  crystalline  limestone  Ramuy. 
which  occupies  the  greater  part  of  Lantrk  adjacent  on  the  west,  has  its 
northern  margin  near  the  village  of  Clayton  in  the  north-west  angle  of 
the  township.  To  the  west  of  this  in  the  north-east  part  of  Lanark 
the  strike  of  the  limestone  suddenly  changes  from  its  usual  coarse  of 
N.  60°  E.,  to  S.  50°  K  with  a  south  dip,  as  if  deflected  against  the 
great  mass  of  red  granite  which  occupies  the  north-west  part  of  the 
township  of  Pakenham.  The  contact  of  the  limestone  and  gneiss  fol- 
lows closely  the  road  east  from  Clayton  towards  the  Mississippi  river 
and  mainttuns  a  south-east  dip  for  some  distance  ;  but  to  the  south  of 
this  a  reverse  dip  to  the  north-west  is  seen  at  several  points,  while 
several  minor  folds  occur  in  the  centre  of  the  basin  itself. 

The  distribution  of  these  several  formations  of  gneiss,  limestone  and  Graeral 
granite  can  be  bast  seen  by  reference  to  the  map.     It  would  appear  fh'"rm«toti 
from  the  examination  of  these  rocks,  over  widely  separated  areas,  that  and  achiata. 
there  is  a  marked  resemblance  at  many  points,  and  that  in  fact  most,  at 
least  of  the  limestones  and  associated  schists,  with  gneiss,  are  repeated 
from  point  to  point,  forming  basins  of  approximately  the  same  horizon. 
In  ail  cases  the  limestones  present  practically  the  same  striped  or 
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bMtded  aspect  bo  oommon  to  thwe  rocka  in  th«  Hutings  seriea,  except 
where  this  feature  bfu  diutppekred  tbrongh  m  greater  metamorpbum  of 
the  strata,  when  they  become  leei  definitely  marked  and  assume  the 
cbaraoteriatics  of  the  limeatones  of  the  typical  Urenville  district.  This 
more  highly  oFystalline  oonditioD  appears  to  be  more  strongly  marLed- 
on  the  whole,  as  the  Ottawa  river  is  approached,  and,  while  the  differ, 
ent  strata  (rf  limestone,  rusty  gneiss,  and  sometimes  l^e  Bobists,  oao  be 
traced  dire  tly  across  the  Ottawa,  the  striped  character  of  the  beds  is 
rarely  there  noticeable.  The  peculiar  aspect  of  the  limeetonea  conlain- 
ing  quartz,  so  frequent  in  these  rocks  to  the  south  of  the  Uadawaska 
rirer  is  rarely  seen  north  of  the  Ottawa  and  these  indications  of  meta- 
morphism,  as  also  their  tremolitic  character,  would  therefore  appear  to 
be  due  rather  to  local  causes  than  to  wide  areas  of  regional  alteration. 

A  somewhat  prominent  ridge  of  these  old  crystalline  rocks,  separ- 
ated from  the  main  mass  already  described  by  a  great  intermediate 
basin  of  Paleozuic  strata,  is  seen  to  the  south  of  the  Ottawa  rirer  eaat 
of  Arnprior,  in  the  towsbips  of  Fitzroy,  Torbolton,  Huntley,  March  and 
Nepeao.  It  does  not  appear  on  the  south  shore  of  the  Ottawa,  since 
it  is  ooDoealed  in  that  direction  by  the  overlying  beds  of  the  Potsdam, 
Oalciferous  and  Chazy  formations,  while  the  overlying  beds  on  the 
south,  in  the  valley  of  the  Carp  river,  are  mostly  of  filack  River  and 
Trenton  age. 

The  rocks  of  this  old  ridge  are  largely  reddish  gneiss  with  granite^ 
some  of  the  latter  being  apparently  of  quite  recent  date,  sinoe  in  the 
township  of  Nepean  they  are  seen  to  cut  or  alter  the  overlying  beds  of 
the  Potsdam  sandstone  at  one  point  at  leasL  In  tiia  western  portion 
of  the  ridge  near  Fitzroy  Harbour,  there  is  a  large  development  of 
crystalline  limestone  which  presents  similar  features  to  the  limeeConea 
already  described  in  the  areas  further  to  the  west,  in  the  presence  of 
scales  of  mica  and  graphite  as  also  of  chondrodite,  and  of  rather  indis- 
tinct lines  of  banding.  They  are  in  this  vicinity  penetrated  or  invaded 
by  masses  of  granite,  sometimes  in  the  form  of  dykes  of  iarge  size,  and 
this  feature  can  be  well  seen  at  the  Chats  falls,  where  a  large  mass  of 
this  granite  crosses  the  river,  cutting  the  limestone  and  forming  a  huge 
barrier  over  which  the  water  of  the  Ottawa  river  foils.  To  the  north 
of  the  Chats  falls,  masses  of  green  hornblende  and  schist  rocks  are 
found  which  contain  quartz  veins  and  masses,  in  which  explorations 
for  gold  have  been  carried  on.  Detached  areas  of  the  limestone  are 
seen  at  various  points  in  the  ridge  of  these  crystalline  rocks,  but  cannot 
be  traced  continuously  to  any  considerable  distance.  They  ^pear  to 
be  cot  off  in  placee  entirely  by  granite  masses.     North  of  Carp  village 
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on  the  road  to  Sonth  Maruh,  there  is  a  oonsidereUe  developmpat  of  C»rp  twd 
highly  qaartzoae  dolomite  limeatone,  which  is  like  much  of  that  seen  " 
in  Dftrling  tovoship.  The  eutero  portion  of  this  ridge  is  more 
gr&aitio,  and  Urire  dykes  of  pegmatite  are  visible.  Welt  defined 
garnetiferauB  gneiss  is,  howuTer,  eeen  at  some  points  and  good 
exposures  occur  150  yards  west  of  South  March  station,  where  the 
strike  is  well  defloed  with  an  east  and  west  course  and  a  south  dip 
<  75°.  Masses  of  d^rk,  often  coarse,  diorite  are  seen  in  the  Wciuity 
in  which  irregular  depusits  of  dark  mica  are  common,  but  the  mineral 
here  is  of  bat  small  economic  importancn.  Similar  black  micas  are 
seen  to  the  north  of  the  village  of  Carp  and  have  been  worked  to  some 
extent.  Near  South  March  station  also  several  narrow  bands  of  the 
limestone  are  found  which  are  cut  by  pegmatite  dykes,  and  these  con- 
tain at  one  point  deposite  of  graphite  in  small  quantity.  Portions  of 
the  pegmatite  are  highly  felspathio  and  might  be  worked  to  some 
-extent  for  economic  purposes.  The  eastera  extremity  of  this  ridge  in 
March  and  Nepean  townships  ia  overlain  by  sandstonesof  the  Fotedam 
formation,  the  transition  between  this  and  the  Calciferous  limestone 
being  we  1  seen  at  a  number  of  places. 

BCONOMIO  aSOLOGS. 

Very  full  details  of  the  principal  economic  minerals  found  in  ^''^  Eaonmuic 
area  included  in  this  report  have  already  been  given  in  the  several  miuHiala. 
reports  by  Mr.  H  O.  Vennor,  extending  from  1871   to   1876.     Some 
additions  must  however  be  made  to  this  list  as  there  described,  owing 
to  more  recent  investigations  and  developments. 

The  chief  minerals  of  economic  importance  include  iron,  gold 
and  silver,  galena,  nickel,  mica,  apatite,  graphite,  corundum  and  feld- 
spar, and  among  oiber  important  economic  products  may  be  eaamer- 
at«d  building  stones,  bricks  and  tilee,  dolomites,  shell-marl,  lime  and 
peat. 

The  mostjargely  distributed  of  these  in  this  area  are  thedepoeita  of  ironmiDM. 
iron  which  are  fonnd  at  a  number  of  widely  separated  points.  Many 
of  these  are  found  in  close  proximity  to  the  line  of  the  Kingston  and 
Pembroke  railway,  which  connects  the  town  of  Renfrew  with  the  city 
of  Kingston.  These  deposits  have  recently  been  very  carefully  studied 
by  Mr.  lagall,  *  of  this  department,  and  his  report  on  the  subject  con- 
tains full  descriptions  of  all  the  important  mines  in  the  district.  It 
will  be  necessary  therefore  in  this  place  merely  to  refer  to  the  princi- 
pal localities  where  these  ores  are  fonnd. 

*  AnnnsI  Report,  GeoL  Snrv.  Can.,  VoL  Xn,  (N.8.X  part  I. 
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Among  theae  may  be  mentinned  the  Bygrove  and  Foamier  mineo, 
the  former  oa  lot  3,  raiigie  I,  South  Sherbrooke,  the  latter  on  lot  14, 
of  tbe  same  rsnge  These  have  also  been  described  in  Vennor'a  report 
on  the  area  for  1874-75,  pages  122-123  ;  and  the  Cbristja  lake  mines 
on  lots  16,  19  and  20,  range  III,  and  lota  17  and  18,  range  II,  of  the 
same  lownihip,  also  referred  to  in  tbe  same  report  on  page  120,  and  in 
that  for  1873-73,  on  page  171. 

In  the  township  of  Bathurst,  the  Foley  mine  is  situated  on  lots  10, 
and  11,  range  VIII.  In  Dalhonsie  township,  the  Dalhousie  or  Flay- 
fair  mine  is  on  the  east  half  of  lot  I,  range  IV,  and  is  described  also 
in  Vennor'a  report  for  1872-73,  page  176. 

In  Sonth  Sherbrooke  township  also,  near  the  shore  of  Silver  lake, 
several  openings  have  been  made  on  lots  14,  15  and  16,  range  IV. 

Along  the  line  of  the  Kingaton  and  Pembroke  railway,  the  Roberts- 
ville  mine  is  located  on  lot  3,  range  IX,  of  Falmerston,  township  the 
Wilbur  mine  on  lot  3,  range  XI,  of  Lavant  township,  and  the  Cald- 
well and  Radenhnrst  mine  on  lot  22,  ranges  III  and  IV,  near  Flower 
station. 

About  Calabogie  lake  several  mines  have  also  been  opened,  and 
worked  qniie  extensively,  on  lot  16,  range  X,  township  of  Bagot,  and 
and  on  lot  16,  range  VIII,  and  several  practically  undeveloped  areas 
are  found  between  the  Madawaska  river  and  Norway  lake.  To  the 
south-west  of  the  White  lake  ia  the  Yuill  mine  on  lot  26,  range 
V,  Darling  township,  and  on  the  south  side  of  tbe  lake  are  Bell's  mine 
on  Iota  23  and  27,  range  XI.  The  Robertson  mine  ia  on  lot  1,  range 
I,  also  of  Bagot. 

The  ore  from  moat  of  theae  uiinea  is  magnetite.  In  places  this 
contains  pyrites  in  small  quantity  and  the  ore  is  in  consequence  some- 
what snlphurou'i,  but  much  of  the  output  ia  comparatively  free  from 
this  ingredient  and  the  mineral  is  correspondingly  valuable.  In  tbe 
Dalhousie  mine  the  ore  ia  htematite  and  this  alao  is  found  at  Bell's 
mines  on  White  lake,  where  both  tbe  red  and  black  iron  ores  occur. 
The  value  and  extent  of  this  last  named  deposit  has  apparently  never 
been  thoroughly  tested. 

Near  the  village  of  Dacie  in  the  north  part  of  the  township  of 
Brougham,  a  deposit  of  magnetite  is  seen  which  hae  recently  been 
quite  extensively  worked  by  the  Canada  Furnace  Co.  It  is  about 
balf  a  mile  south  of  the  cross-road  at  that  village.  In  the  town  of 
Amprior  a  deposit  of  hematite  was  worked  some  years  ago.  It 
apparently  occurs  along  a  line  ol  fault  between  the  crystalliiie  lime- 
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stone  Etnd  the  Calciferous  dolomite.  The  deposit  At  this  place  is  said 
to  be  nearl;  ezhanated,  but  the  mineral  oocqtb  at  several  points  along 
the  line  of  a  faalt  in  a  south-weet  direction  from  the  old  shaft. 

In  the  township  of  Orattan,  on  lot  16,  range  IX,  and  on  lot  17, 
range  X,  a  large  deposit  of  magnetite  is  now  being  opened  by  the 
Canada  Iron  Fnmoce  Co.,  of  Montreal.  The  location  is  about  four 
miles  south  of  Caldwell  station  on  the  Canada  Atlantic  railway,  and 
appears  to  be  quite  extensive,  several  thousand  tons  having  been 
already  extracted.    , 

Oenerally  speaking,  these  ores  occur  in  connection  with  crystalline  Mode  of 
limestone,  though  sometimes  io  granite  or  diorite  masses.     Eruptiv 
rocks  are  frequently  found  in  close  proximity  to  the  ore  bodies,  whicn 
are  often  pockety  in  character,  and  in  some  places  they  are  in  connec- 
tion with  the  eruptive  rocks  entirely. 

The  Dalbooaie  or  Playfair  mine  appears  to  occur  altogether  in  the 
crystalline  limestone.  A  full  description  of  this  deposit  b  given  in 
Mr.  Ingall's  report,  1901,  page  70  I. 


The  known  deposits  of  gold  in  this  area  are  few.     The  mineral  has.  Gold, 
however,  been  found  at  several  places,  and  mining  has  been  carried  on 
quite  extensively  for  some  years,  notably  in  the  township  of  Clarendon, 
Frontenac  county,  between  the  villages  of  Plevna  and  the  Mississippi 
river  at  Ardoch, 

Two  mines  are  here  located,  viz.,  the  Webber,  on  lot  28,  range  VIII,  Clarendon, 
and  the  Boerth  mine  on  lot  28,  range  VII.  At  the  former  place 
little  actual  mining  work  has  been  done,  tboagh  a  stamp  mill  was 
erected  on  the  property  some  years  ago.  The  ore  is  found  in  small 
irregular  strings  of  qnartz  associated  with  reddish  gneiss  and  granite 
whichcuts  the  crystalline  limestoneof  the  Long  Lake  area  on  the  Missis- 
sippi river.  At  the  principal  opening  a  dyke  of  diabase  cuts  the  rock, 
and  the  quartz  veins  appear  to  be  connected  with  this  intrusion.  No 
reliable  information  is  available  as  to  the  actual  results  obtained  from 
the  operations  at  this  place,  and  only  a  limited  amount  of  development 
work  has  been  done,  probably  owing  to  lack  of  capital  on  the  part  of 
the  owners.     The  quartz,  however,  carries  gold  in  small  quantity. 

The  Boerth  mine  was  started  several  years  ago  on  the  lot  adjoining  Boerth  mine 
the  Webber  property  on  the  east.     It  is  near  the  road  leading  from 
Ardoch  to  Plevna.     Here  the  veins  are  evidently  larger  and  apparently 
U— J— 5 


ib.  Google 


carrjr  a  larger  percentage  of  gold.  A  stMop  mill  Mid  ooDceiitrating 
plant  were  erected  and  s  targe  amount  of  mone^  was  expended  in  the 
attempt  to  extract  the  gold  from  the  ore,  though  but  Boanty  informa- 
tion is  available  as  to  the  actual  results  obtained.  Mr.  Walter  Wells, 
the  provincial  assajer  of  Belleville,  states  that  the  percentage  of  gold 
in  portions  of  the  quartz  is  fairly  high,  but  that  the  ore  is  ver^ 
refractory. 

In  the  southern  part  of  the  township  of  Denbigh,  gold  has  been 
reported  from  several  points.  No  definite  exploration  has,  however,  as 
jet  been  carried  on  in  bo  far  as  can  be  learned,  though  some  blasting 
work  has  been  done.  The  rocks  in  the  area  are  mostly  granite  and 
gneiss  with  some  diorite  with  which  the  small  quartz  veins  are  asso- 
ciated. Near  Eagle  hill,  alqo  at  Fergusons  corner,  a  small  opening 
was  noticed  inaqaartzvein  which  was  said  to  carry  gold,  but  none  was 
visible  in  the  rock  and  no  work  has  been  done  here  for  some  years. 
The  similarity  of  the  rocks  in  this  belt  to  those  which  occur  in  the 
Madoc  and  Marmora  area  is  easily  recognized,  and  the  mtoee  referred 
to  are  apparently  in  the  north-east  extensioa  of  that  belt. 

Farther  north  also  in  the  township  of  Griffith,  gold  has  been  reported 
as  oocuniDg  in  quartz  veins  situated  to  the  ea«t  of  the  road  from 
Griffith  bridge  to  L>aore,  but  no  satisfactory  information  as  to  the 
nature  of  the  deposit  has  yet  been  received.  In  the  southern  part  of 
the  township  of  lAvant,  a  small  percentage  of  gold  was  also  found  in 
an  assay  of  ore  from  lot  12,  range  IV,  in  connection  with  copper.  The 
ore  is  pyritons,  and  occurs  in  a  band  of  limestone  near  eruptive  rooks. 
A  shaft  was  sunk  to  a  depth  of  70  feel  but  no  details  as  to  results  are 
available. 

Att  assay  of  quartz,  by  Dr.  Hoffmann,  taken  from  the  west  b<ilf  tot 
10,  R.  VT,  Lnvant,lAnark  Co.,  yielded  0-195  oz.  of  gold  to  the  too, 
and  a  white  quartz  carrying  small  quantities  of  copper  and  iron  pyrites 
and  some  galena  from  the  N.E.  portion  of  lot  12,  range  II,  South 
Sberbrooke  was  found,  (OnL  Bureau  of  Mines,  1 901,  p.  204)  to  contain 
3-600  oz.  of  gold  to  the  too,  and  0-428  silver. 

It  seems  probable  therefore  that  gold  will  be  found  at  a  number  of 
points  in  this  diitrict,  under  cqnditiona  somewhat  similar  to  those 
which  prevail  in  the  Marmora  area.  The  presence  of  masses  of  intru- 
sive granite  and  diorite  through  the  associated  hornblende  rocks  and 
crystalline  schists,  which  have  a  wide  distribution,  is  supposed  to  be 
favourable  to  its  occurrence,  but  the  results  so  far  have  not 
been  commercially  successful.    The  ore   is  largely  pyritons   rather 
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than  free-milling,  so  that  espensive  methods  of  treatment  m&y  be 
necessary  for  ita  extraction. 

aiLYBR  AND  O  A  LENA. 

Depoeite  of  tbeee  minerals  occur  at  several  ptacw  in  the  map  area,  Silver  tad 
notably  in  the  township  of  Barrie,  and  principally  in  oonnecbion  with 
the  belt  of  limestone  and  dark  hornblende  rooka  which  extends  from 
the  west  end  of  Long  lake,  on  the  Miadaeippi  river,  along  the  road 
from  Myers  Cave  post-office  to  Ardoch.  This  road  keeps  along  the 
narrow  strip  beneath  this  lake  and  take  Missasagagon  to  the  north. 
Several  openings  have  been  made  on  the  upper  or  west  end  of  Long 
lake  at  the  portage  to  Whitefisb  lake,  which  is  a  short  distance  south 
of  Perry,  but  the  ore  indications  at  this  place  are  small.  The  rooks 
consist  largely  of  orystalline  limestones  which  have  been  altered  from 
the  bluish  slaty  limestone  of  the  area,  apparently  by  the  agency  of  the 
granite  masaes  in  the  vicinity.     This  place  is  known  nsnally  as  Uyers 

Along  the  road  to  Ardoch,  however,  on  lot  12,  range  VIII,  Barrie,  Banie. 
a  abaft  was  sunk  some  years  ago  on  a  band  of  silver-bearing  galena, 
portions  of  which  on  assay  gave  a  fairly  high  peroentage  of  silver. 
Work  was  discontinued  at  this  place  owing  to  litigation  as  to  owner- 
ship of  property,  and  at  the  time  of  visit  the  shaft  could  not  be 
examined.  The  country  rock  is  a  crystalline  limestone  with  bands  of 
black  bornblendio  alaty  or  schistose  gneiss.  This  formation  oontianes 
eastward  across  the  township,  and  the  gold  mines  north  of  Ardoch  are 
practically  on  ita  extension.  Several  assays  of  the  ore  from  this  place 
were  made  in  the  laboratory  of  the  Oeological  Survey,  the  percentage 
of  silver,  in  one  case  from  a  sample  from  lot  12  of  rather  coarsely 
crystalline  galena,  being  137 '883  ounoes  to  the  ton  of  2,000  pounds 
and  a  trace  of  gold,  while  a  sample  from  lot  9  of  ^e  same  range  gave 
119-583  ounces  of  silver  to  the  ton  but  no  gold. 

A  number  of  assays  have  been  made  from  time  to  time  by  Dr.  Assaya. 
Hofibiann  from  other  places  in  the  area  of  the  map^heet,  and  for  the 
sake  of  convenient  reference  these  have  been  collected  from  his  reports 
and  are  here  inserted. 

In  the  township  of  Darling,  lAnark  coun^,  on  lot  19,  range  III,  Darling. 
an  assay  of  quartz  from  a  vein  gave  neither  gold  nor  silver.     Une  from 
lot  35,  range  V,  same  township,  gave  a  trace  of  gold  but  no  silver. 
Another  from  the  west  half  of  lot  22,  range  IV,  gave  0111  of  an 
ounce  of  gold  and  S-176  ounces  of  silver. 
14— J-5J 
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In  the  townahip  of  Lftrant,  on  lot  10,  range  VI,  &  ratty  pyritons 
gneiw  yielded  at  tiba  rate  of  '17S  ouqom  of  gold  and  no  ailver. 
Another  aauj  of  a  umple  from  the  east  half  of  lot  12,  range  IV,  from 
a  pjritoaH  dolomite,  gave  a  traoe  of  gold,  and  one  from  the  east  half 
of  lot  12,  range  II,  South  Sherbrooke,  from  a  quartz  rein  containing 
pyrites  and  galena,  gave  gold  at  tbe  rate  of  3'60  onncee  and  eilver 
4-08  ounoes  to  Che  ton  of  3,000  pounda. 

In  Clarendon  township,  Frontenao  oounty,  a  sample  of  quartz  from 
lot  38,  range  VIII,  gave  2-098  ounces  of  silver  to  the  ton  but  no  gold ; 
one  from  lot  26,  same  range,  neither  gold  nor  silver ;  samples  from  lot 
30,  same  range,  neither  gold  nor  silrer,  and  like  resntte  from  samples 
from  lot  38,  range  X.  A  sample  of  quartz  from  lot  26,  range  IX,  of 
the  same  township,  with  galena  gave  silver  at  the  rate  of  59'662 
ounoes,  bat  no  gold.  Samples  from  lot  34,  south-west  concession  of 
Frontenac  road,  from  quarts  containing  pyrites  and  pyrrbotite,  as  also 
similar  samples  from  lot  32,  range  XI,  and  from  lot  42,  north-east 
ooncession,  gave  neither  gold  nor  silver. 

From  the  above  oasays  of  apecimeua  frmn  di&rent  places  in  t^e 
township  just  mentioned,  there  would  appear  to  be  an  area  of  consi- 
derable extent  in  which  a  well  defined  mineral  bearing  zone  exists  and 
in  certain  portions  of  which  the  prospects  for  profitable  mining  may  be 
reasonably  expected.  The  greater  part  of  the  ore  is,  however,  asso- 
ciated with  pyrites  in  so  far  as  the  gold  is  concerned,  so  that  the 
extraction  is,  as  a  rule,  somewhat  difficnlt  and  probably  expensive. 

In  the  Geology  of  Canada,  1863,  reference  is  made  to  a  mine  in  the 
township  of  Ramsay,  a  short  distance  west  of  Carleton  Flaoe,  which 
was  opened  on  a  vein  of  galena,  cntting  a  grayish  dolomite  of  Calcif- 
erous  age.  Tbe  galena  occurs  with  iron  and  copper  pyrites  associated 
with  blende  in  a  gangue  of  calc-spar.  Work  was  carried  on  for  some 
time  at  this  place  about  forty  years  ago,  and  a  smelting  furnace  was 
erected.  A  considerable  quantity  of  the  ore  was  raised,  but  the 
smelting  was  found  to  be  unprofitable,  and  the  vein  appeared  to 
terminate  when  tbe  underlying  Potadam  sandstone  was  reached. 
Operations  were  abandoned  many  years  ago  and  the  works  have  fallen 
into  decay. 

Galena  also  occurs  in  the  township  of  Fitzroy,  near  the  road  leading 
from  Qaletta  to  Fitzroy  harbour.  A  lead-bearing  vein  was  opened  on 
the  20th  lot  of  range  VIII,  having  a  width  of  six  inches,  cutting 
crystalline  limestone,  but  it  has  apparently  never  been  worked.  On 
LaSamraes  island,  below  the  head  of  the  Chats  rapids,  on  lot  26,  range 
VI,  there  is  also  a  deposit  of  galena,  known  as  Bobertaon's  mine,  which 
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yna  opened  BOate  years  «go  and  worked  to  some  extent.  The  ore  u 
disseminated  in  a  calcite  rein  in  OTTStalline  limeatone,  near  a  large 
dyke  of  red  granite,  and  carriee  bnt  little  silver.  The  shafta  have  long 
been  filled  with  water,  and  nothing  bae  been  done  at  this  place  for  a 
nnmber  of  years. 


Graphite  is  found  in  connection  with  the  crystalline  rocks  at  a  nam-  Graphite, 
ber  of  places  in  workable  qaantity.  Of  these  the  most  extensive  ^{^^  I>oaM 
deposit  is  that  in  the  township  of  Broagham,  lot  18,  range  III,  on  the 
soalh-west  side  of  Whitefish  lake.  The  country  rock  ia  a  crystalline 
limestone  which  is  cot  by  dykes  of  red  granite.  The  grajdiite  is  in 
the  form  of  a  large  bed  or  bedded  vein,  ranging  from  six  to  over  ten 
feet  in  width  at  the  surface,  and  following  the  strike  of  the  gneiss  and 
limestone  which  has  a  coarse  of  S.  45  E.  with  a  dip  to  the  south-east 
of  60  degrees.  The  mineral  is  underlaid  by  a  hard  p^^matite  dyke 
and  the  vein  increases  in  width  as  a  greater  depth  is  reached.  In 
places  the  mineral  is  found  on  both  aides  of  the  dyke,  and  the  mass  of 
ore  extends  ont  nnder  the  water  of  the  lake.  This  dyke  also  hold* 
scales  of  graphite,  which  is  rarely  disseminated  thronghont  the  gneiss 
of  the  vicinity.  The  dyke  is  evidently  more  recent  than  the  gneiss  and 
limestone  and  has  altered  these  along  the  line  of  contact.  Iron  pyrites 
occurs  also  in  l^e  gneiss  along  the  contact  with  the  graniie.  This  ore 
has  been  worked  for  some  years  and  extensive  works  have  been  recently 
erected  for  preparing  the  ore  for  market,  power  being  obtained  frcan 
the  Madawaska  river  which  is  in  close  proximity  to  the  mine.  The 
ore  is  largely  of  the  amorphous  variety  but  a  fli^e  structure  is  seen  in 
portions  of  the  bed.  The  output  is  haulod  to  the  Kingston  ,and  Fein, 
broke  railway  at  Catabogie  lake.  For  details  see  "Bulletin  on 
Graphite.  "  A  similar  deposit  is  seen  in  the  township  of  Darling,  near 
Tatlock  post-office,  but  does  not  appear  to  be  so  promising.  It  has  as 
yet  not  been  opened. 

Near  Olivers  ferry,  on  the  Ridean  canat,  on  lot  21,  range  VI,  North  Olivers  terry. 
Elmsley  township,  a  deposit  of  flake  graphite  occurs  in  a  gray  gneiss 
and  limestone.  The  location  is  about  three-fourths  of  a  mile  from  the 
shore  of  the  river.  The  property  was  worked  to  some  extent  a  number 
of  years  ago  and  a  plant  for  t^  separation  of  the  mineral  was  erected 
on  the  bank  of  the  canal  at  the  Ferry,  Recently  work  has  been  resumed 
with  a  good  prospect  of  success,  as  the  mineral  forms  an  extensive 
depoeit  and  is  convenient  for  shipment. 
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At  a.  namber  of  poinU  throughout  the  district,  graphite  oocnra  u 
ditMminated  aoalee  in  the  orystolliae  limestone,  but  such  occurrences 
are  of  no  economic  importance  in  so  far  as  yet  recognized.  Above  the 
High  fails  on  the  Sladawasba  river,  on  lota  13  and  14,  range  IV, 
BIjthfield  township,  on  property  owned  by  Mr.  James  Bailey,  an 
opening  has  been  made  in  a  gray  gneiss.  The  mineral  appears  to  be 
in  fair  quantity,  though  but  little  vork  has  been  done  towards  its 
development.  Some  work  has  also  been  done  on  a  deposit  of  this 
mineral  oo  Con.  II,  South  Cononbi,  the  extent  of  which  is  a<  yet 
unknown. 


MtcK-  The  ocoarrence  of  this  mineral  in  the  pyroxenic  rocks  near  the  lower 

portion  of  Rideau  lake,  in  the  township  of  North  Burgess,  has 
been  known  for  niany  years.  Extensive  mining  for  apatite  was  carried 
on  in  this  district  over  thirty  yean  ago,  the  details  of  the  different 
mines  being  given  at  some  length  in  the  reports  by  Mr.  H.  G.  Vennor 
lor  the  years  1873—74  in  connection  with  hia  notes  on  the  occurrence 
of  apatite  in  this  district.  Mica  almost  invariably  accompanies  the 
apatite  in  all  the  mines  of  the  area,  but  at  that  date  was  regarded 
simply  as  a  waste  product.  The  same  association  of  the  two  minerals 
is  recognized  at  many  of  the  mining  locations  north  of  the  Ottawa> 
and  here  the  proceedings  are  reversed,  the  mines  now  being  worked 
for  mica  only,  while  the  apatite  is  saved  as  a  by-product. 

N'orth  and  Probably  the  first  reference  to  the  mica  of  this  district  is  found  in 

South  Burft«n  ^j^^  Geology  of  Canada,  1863,  pages  494  and  795.  It  is  also  referred 
to  in  the  report  by  Mr.  Gordon  Broome,  in  the  volume  for  1870-71, 
page  331>  Mica  has  been  mined  quite  extensively  in  the  township  of 
South  Burgess,  on  the  south  side  of  Rideau  lake,  some  of  the  shafts 
reaching  a  depth  of  over  100  feet,  from  which  a  large  amount  of 
excellent  mica  was  obtained.  Several  of  the  mines  in  North  Burgess 
have  also  been  operated  during  the  last  ten  years,  but  no  information 
as  to  output  is  to  band.  The  conditions  under  which  the  mineral 
occurs  at  all  Uiase  places,  are  identical  with  those  found  in  the  areas 
north  of  the  Ottawa  river  and  described  in  the  report  on  the  Granville 
sheet.  Part  J,  Vol.  XII.  1899. 

Claendon.  In  Clarendon  township,  lot  24,  range  II,  a  deposit  of  white  mica 

has  been  worked  irregularly  for  some  years.  The  mineral,  however,  is 
affected  by  inclasions  of  iron  which  render  much  of  the  output  useless 
for  electrical  purposes.  In  the  vicinity  of  South  March  station,  on  the 
Canada  Atlantic  railway,  and  also  near  the  village  of  Carp,  further 
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west,  there  are  BOveml  irre^lar  depoaita  of  a  very  dftrk  variety  which 
hkve  been  opened  up,  but  as  yet  not  worked  largely. 

A  number  of  mica  mines  occur  in  the  townships  of  North  and  Squth  Minn  of 
Burgess,  some  of  which  have  been  extensively  worked  for  a  number  of 
years.  Among  tbeae  in  North  Burgess  may  be  mentioned  the  Hanlan 
mine,  on  lot  2,  range  YI ;  the  Martha  mine,  on  lot  13,  same  range ; 
the  Baby  mine,  lot  2,  range  V,  on  the  soutl.  side  of  Long  lake ;  the 
Byrnes  mine  on  lot  11  and  east  half  of  lot  12,  range  VII ;  the  Watts 
and  Noble  mine,  on  lot  4,  range  IV  ;  the  Pike  Lake  mine  on  lots  16 
and  17,  range  IX,  near  Stanleyville,  the  product  being  largel}' 
muscovite  ;  the  Blackball  mine  on  lot  10,  range  V ;  the  McNally  mine 
on  lot  21,  range  V  ;  the  McLaren  mine  on  lot  4,  range  VIII ;  the 
McMarten  mine  on  lot  !,  range  VI,  and  the  Munalow  mine  on  lot  13, 
range  VI.  In  South  Burgess,  the  Canton  mine  on  lot  1,  range  IV, 
and  the  Downey  mine  on  lot  7,  range  I.  The  Bliss  mine  is  in  South 
Burgess,  about  12  miles  aouth-eaat  from  Perth  by  road  ;  the  Blair 
mine  on  lot  3,  range  IX,  Bathurst,  and  the  Qibson  mine  on  lot  25, 
range  IX,  North  Elmsley.  On  some  of  these  properties  a  large 
amount  of  work  has  been  done  and  much  mica  of  good  quality 
extracted  The  area  in  North  Burgess  shows  a  large  development  of 
pyroxene  rocks  in  which  both  apatite  and  mica  occur  and  the  district 
has  been  known  as  a  mining  centre  for  over  thirty  years,  Most  of 
these  mines  were  examined  in  1901,  and  the  conditions  seen  were 
similar  to  those  which  prevail  in  the  mica  district  north  of  the  Ottawa. 
Work  is  still  being  carried  on  at  several  of  these  locations.  For  fur- 
ther details  see  "  Bulletin  on  Mica. " 


The  distribution  of  the  principal  apatite  deposits  in  North  Burgess,  Apatite, 
where  this  mineral  is  most  abundant,  is  given  in  the  reports  of  Mr. 
Vennor  already  alluded  to.  Work  was  carried  on  in  this  area  for  a 
number  of  years  and  there  is  a  large  district  north  of  the  Bidean 
lakes  where  the  mineral  occurs  in  sufficient  quantity  to  be  of  economic 
importance.  Unfortunately  the  decline  in  the  prioe  of  apatite,  by 
which  the  mines  of  the  Ottawa  district  were  obliged  to  suspend 
operations  some  years  ago,  has  affected  all  the  mines  of  the  area  under 
discussion,  and  the  only  production  now  is  merely  as  a  by-product  from 
the  mining  of  mica. 

In  the  township  of  South  Sherbrooko,  lot  11,  range  VII,  crystals  of 
good  size  are  obtained  from  calcite  veins  in  pyroxene,  but  the  locality 
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baa  never  bera  *  producer,  and  as  a  rule  it  ia  found  that  the  oocurrenoe 
ot  upatite  crystals  in  thia  mineral  only  rarely  reaobee  the  eoonomic 
stage  of  production. 

OORUNDOM. 

Conindam.  Though  the  principal  depoeite  of  this  mineral  are  found  in  the  area 

oompriMd  in  map-uheet,  Ho.  118,  adjoining  the  present  one  on  the 
west,  the  corundum  bearing;  belt  of  rocks  has  been  traced  eastward 
from  thia  area,  whi^h  abuts  on  the  Madawaska  river  near  the  foot  of 
Kaminiskek  lake  and  croeses  the  river  at  the  Palmer  rapids  a  few 
miles  below,  into  the  township  of  Ljadoch  and  tbenoe  into  Sebastopol 
and  Brudenell  in  the  direction  of  Clear  lake.  The  belt  aUo  extends 
into  the  adjacent  loxrnship  of  South  Algoma  which  lies  just  north  of 
the  limit  of  the  map  sheet.  The  mineral  itself  has  not,  however,  been 
found  as  yet  in  ^eomonic  quantity  east  of  the  Madawaska  river. 

In  tht:  southern  portion  of  the  area  similar  rocks  oanrying  oomndnm 
have  been  reoogniied  in  the  southern  part  of  the  township  of  South 
Sherbrooke,  and  also  in  North  Crosby  and  North  Burgess,  but  the 
explorations  so  far  carried  out  in  this  direction  have  not  so  far  revealed 
its  presence  in  sufficient  quantity  to  warrant  large  expenditure  in  the 
present  condition  of  the  market  for  the  material. 


Co|)|ier.  References  to  the  occd'renoe  of  copper  at  varioni  points  in  the  area 

under  discussion  are  found  in  several  of  Vennor's  reports,  more  especi- 
ally in  that  for  1874-7S.  From  the  descriptions  there  given  it  would 
appear  that  a  somewhat  broad  belt  of  copper-bearing  rocks  is  found 
extending  from  the  south-east  comer  of  Falmerstoo  township  through 
levant  and  into  Darling,  in  which  cnpper  ore  is  found  in  a  number  of 
places.  These  are  well  described  on  pages  161-162  of  the  report 
referred  to  and  need  not  be  repeated  here. 

Considerable  development  work  has  also  been  done  at  the  Helena 
mine  on  loU  19-20,  range  VI,  and  lot  20,  range  VII,  Barrie.  The 
ores  are  copper  and  gold  in  a  quartz  vein,  cutting  crystalline  limestone, 
but  operations  have  been  suspended  since  1901. 

DOLOHITB. 

Dolomite.  Quite  recently  there  has  been  a  oonsiderAble  demand  for  thia  mine- 

ral in  connection  with  the  manufacture  of  chemical  wood-pulp.  Mag- 
nesian  limestouea  suitable  for  this  purpose  occur  at  a  number  of  places 
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Bom«  of  which  oould  be  readily  utilized.  Among  these  may  be  men. 
tioned  the  following ; — 

On  lot  32,  r&nge  TUT,  LRnark,  s  limestone  with  42-10  per  cent  of 
carb.  of  magnesia.  In  Dalhousie  towoBhip,  lot  not  named,  a  similar 
rock  with  43 '  63  per  cent,  and  on  lot  27,  range  IX,  Barrie,  a  lime- 
atone  with  the  same  proportion  of  magnesia  as  the  laet-menlaoned. 

On  lot  10,  range  IT,  of  Aldfield,  in  the  province  of  Qaebec,  but  not 
in  the  limit  of  Che  present  nu^-sheet,  a  dolomite  is  found  with  16-01 
per  cent  of  mHgneeia. 

In  the  township  of  Boss,  lot  19,  range  TI,  a  lat^  area  of  very  pure 
dolomite,  giving  over  40  per  cent  of  carbonate  of  magnesia  occurs. 
On  lot  9,  range  XI T,  township  of  MacNab,  a  oalctferoua  dolomite  givee 
oarb.  of  lime  53-00  percent  and  oarb.  of  magnesia  43-88  per  cent,  see 
Report  1876-77,  p.  486.  This  is  near  the  Ottawa,  about  two  miles 
west  of  Arnprior. 


The  limeetones  of  Black  River  age,  as  aleo  of  the  other  formations  to  Building 
the  top  of  the  Potsdam  sandstone  frequently  yield  stone  well  adapted  '"'"^ 
for  purposes  of  construction.     Among  the  sandstones  of  Fotedam  age 
the  large  quarries  in  the  wertem  part  of  the  township  of  Nepean  hare 
already  furnished  a  large  amount  of  the  material  used  in  the  Parlia- 
ment buildings  at  Ottawa,   while  certain  portions  of  this  rook  are    . 
sufficiently  free  from  iron  to  be  employed  for  glass  making.     Unlimited 
quantities  of  this  rock  are  available  in  the  areas  to  the  weet  of  Ottawa 
in  the  western  part  of  the  great  Ottawa  River  basin. 

The  Calciferous  dolomite  has  also  been  somewhat  extensively  quar-  LimeetoneB 
ried  for  building  stone  at  a  number  of  points.  Large  quarries  of  this 
rock  of  a  brownish  colour  are  found  near  Carletcm  Place,  on  lot  20, 
range  IX,  Ramsay.  A  fine  white  sandstone  also  occurs  at  this  place. 
There  is  also  a  quarry  on  the  south  side  of  Otty  lake  near  Olivers 
feny,  the  stone  being  used  for  the  Tay  canal. 

In  the  Chazy  formation,  in  addition  to  the  limestones  available  for 
building  stone  and  lime  burning,  certain  bands  occur  which  have  been 
somewhat  lai^ly  used  for  the  manufacture  of  oement,  ae  in  the  cafe 
of  the  Wright  quarries  near  Hintonburg.  This  band  lies  near  the 
middle  of  the  formation  or  at  the  base  of  the  upper  or  calcareous 
division. 

The  TrentoQ  limeBtones  are  too  well  known  to  require  further 
description.     Good  bands  are  found  wherever  the  formation  occurs. 
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Among  th«  crjratAlliiw  Umestoaes,  those  of  th«  Hutings  seriee  fai^ 
Dish  largo  qnuititiea  of  fine  material  both  for  lime  bartung  and  for 
construction  parpooes.  Among  the  lai^est  qnarries  ma;  be  mentioned 
those  of  Benfrev  and  Arapriar,  but  there  are  large  areoa  of  good  mate- 
rial at  a  number  of  plaoea,  only  the  distance  from  convenient  ahip- 
ing  points  being  against  their  present  development. 

vnitw.  fttany  of  the  granites  and  granite-gneisaee  wonid  also  fnmish  an 

excellent  atone  o  r  building  purposes,  but  except  for  local  use  and  on 
a  small  scale,  these  have  not  yet  been  utilized. 

l*]«r.  Felspar,  which  forms  a  large  part  of  many  of  the  p^matite  dykes 

and  masses  so  numerous  in  the  crystalline  rocks  is  of  value  for  the 
manufacture  of  pottery  and  for  some  of  the  jtrades  of  porcelain.  The 
coat  of  transport  is,  however,  in  moat  cases  too  great  to  render  it  at 
present  economically  available,  unless  where  the  material  occurs  in 
close  proximity  to  lines  of  railway.  The  percentage  of  pyriw  in  some 
of  this  rock  seiioualy  affects  its  value. 

ick  cluyK.  Brick  clays  are  widely  distributed  throughout  a  large  part  of  the 

area,  especially  in  the  Ottawa  and  Rideau  basins.  They  are  quite 
extenaively  nsed  for  the  manufacture  of  bricks  and  drain  tiles.  Seve- 
ral important  works  in  this  line  are  found  in  the  broad  belt  which 
extends  through  Huntley,  .MacNab,  Torbolton  and  Fitzroy  townships, 
as  also  in  the  vicinity  of  Olivers  ferry  and  Smiths  Falls. 

•  ll'iiuirl.  Shell-marl  is  abundant  in  the  bottoms  of  aome  of  the  lakes,  but 

often  too  far  removed  from  points  of  shipment  to  be  of  much  value 
except  locally.  As  a  fertilizer  it  is  very  rarely  employed  by  the 
farmers  of  the  districts  where  it  occurs.  Among  lakes  which  contain 
this  material  in  quantity  may  be  mentioned  White  lake  in  the  south 
part  of  MoNab,  Mink  lake  in  Wilberforce,  Otter  lake  in  South  Elma- 
ley  and  several  lakes  in  Brougham  and  Matawatchan.  Little  attention 
has  however,  been  directed  to  these  deposits,  though  the  manufacture 
of  hydraulic  cement,  in  which  this  material  is  now  largely  used,  may 
serre  to  make  some  of  them  valuable  in  the  near  future. 

In  the  township  of  Lavant,  lot  13,  range  IV,  a  deposit  of  marl  also 
occurs  siud  to  cover  six  acres  and  having  a  depth  of  about  seven  feet. 

BISHDTHISITB. 

imuthinitf.  The  mineral  bismnthinite  is  known  to  occur  in  some  part  of  the 
township  of  Lyndoch  in  amall  quantities,  but  the  exact  location  of  the 
deposit  has  not  yet  been  disclosed.     It  has  also  been  found  in  a  quMtz 
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Tein  ia  small  quantity  on  lot  33  in  the  soittb-weat  range,  Clarendon, 
and  on  a  lot  to  the  north  of  Buckshot  lake,  in  Miller,  but  no  details 
of  these  are  to  hand. 


This  mineral  has  been  found  in  connection  with  pyrrhotite  in  the  ;j 
township  of  Dalhonsie.  The  occurrence  is  on  lot  18,  range  III,  where 
a  considerable  deposit  of  the  latter  mineral  occurs  in  a  large  mass  of 
dioritic  rock  associated  with  granite  which  cuts  gray  gneiss  and  lime- 
stone. The  analysis  of  the  pyrrhotite  gave  0-166  per  cent  nickel  with 
a  trace  of  cobalt,  and  another  deposit  on  the  east  half  of  the  ssjne  lot 
gftve  0'09  per  cent  of  nickeL  The  amountof  nickel  at  thie  place  would 
appear  to  be  too  small  for  economic  extraction,  and  the  remoteness  from 
lines  of  railway  is  also  against  the  present  profitable  development  of 
the  property. 


Although  psat-bogs  are  fonnd  at  a  number  of  points  in  the  area,  Peat. 
many  of  these  have  not  as  yet  been  tested  as  to  depth  or  quality  of  the 
material.  Among  those  most  conveniently  situated  for  exploitation 
may  be  mentioned  a  bog  on  lots  5,  6  and  7,  ranges  VI  and  YII,  Beok- 
with  township,  which  has  been  sounded  to  a  depth  of  over  thirty  feet. 
It  is  in  places  only  one  mile  distant  from  the  Canadian  Pacific  rail- 
Two  other  bogs  also  occur  in  this  township  one  on  lots  17,  18  and 
19,  along  the  road  between  ranges  III  and  IV,  with  a  proved  depth  of 
from  four  to  seven  feet.  This  is  four  miles  and  a  half  from  the  line  of 
the  Canadian  Pacific  railway,  and  the  other  ia  found  on  lot  16,  range 
VI,  of  the  same  towship.  * 

A  large  bog  occurs  in  Huntley  township,  extending  over  lots  1  to 
10,  on  ranges  IX  and  X,  and  crossed  by  the  road  south  from  Huntley 
poat-o£Sce  to  the  line  of  Ramsay.  The  depth  of  the  deposit  has  been 
proved  at  a  number  of  points  and  found  to  range  from  eight  to  fifteen 
feet  where  no  bottom  was  reached.  The  latter  depth  is  found  on  the 
middid  of  range  IX  and  in  the  north  hialf  of  range  X.  This  deposit  is 
in  places  underlaid  by  white  marl. 

In  Goulbourn  township  south  of  the  village  of  Richmond,  a  large 
bog  also  occurs,  which  extends  into  the  township  of  Marlborough, 
The  depth  of  the  deposit  has  not  yet  been  proved. 
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GLACIAL  GEOLOGY. 

Glaciid  lodicatioiu  of  ice-u;ti<m  Mid  of  sobseqaent  sabtnergfmc«  Are  visible 

f*°*"fy-  Dt  many   plftoM  throughout   the  are^  embraced  in   the  mapchaet. 

Glftcial  Btrite  an  f  nqnent  and  show  graat  dirergmioe  ia  direction,  N>d 
^tereare  large  ftreaa  of  olay  and  aand  in  which  nmiine  sbella  are  ocoa- 
aioiuJly  found,  though  their  preaenoe  ia  muoh  Itn  fraqaent  tbao  in 
the  diatriot  nearer  the  St.  Lawrence  and  the  lower  Ottawa  rirers. 

Idete  of  all  observed  stri  ae  have  been  prepared  aod  are  here  appended 
The  oonrae  of  these  tend  to  show  that  poesiblj  there  were  Mveral 
perioda  of  ice  movement  and  that  they  were  sometimes  caused  by  float- 
ing ice  as  well  m  by  the  action  of  glaciers.  Occasionally  widely  diverg- 
ing striK  are  seen  on  the  same  exposure. 

Onvel  ndRM,  Ridges  of  gravel  and  boulders  were  noticed  at  several  poiatB.  In 
some  of  these,  notably  at  the  large  ridge  at  Carp  station  on  the  Canada 
Atlantic  railway,  now,  however,  mostly  removed  for  ballast,  marine 
shells  were  very  abundant.  In  other  ridgee  these  were  not  observed. 
The  position  of  some  of  the  most  important  of  these  and  their  direc- 
tion are  given  in  the  list  of  atrin.  One  of  the  moet  interesting  of  these 
ridgee  is  seen  about  three  miles  north  of  Smiths  Falls,  near  Welsh's 
siding,  where  a  prominent  ridge  of  gravel  crosses  the  road  in  a  north- 
east direction.  From  this  locality  the  bones  of  a  whale  were  ohtaioed 
some  years  ago,  the  elevation  being  about  440  feet  above  sea-level 

MMinc  shells.  In  the  large  area  of  clay  to  the  west  of  Renfrew  no  marine  ehells 
have  as  yet  been  found.  These  organisms  are  apparently  for  the  most 
part  confined  to  the  overlying  gravels  or  in  some  cases  rest  upon  th« 
rock  ridges,  the  surface  deposits  having  been  removed.  This  is  die 
case  on  the  summit  of  the  ridges  south  of  Sand  Point  and  also  on  the 
height  of  land  north  of  Einbum.  Simitar  oonditiona  are  seen  on  Ute 
crest  of  the  Hdge  in  the  south  part  of  Huntley  township  north  of 
Almonte. 

I>rirt  block!.  In  places,  as  along  the  crest  of  the  Brudenell  ridge  south  of  Clear 
lake,  the  surface  is  thickly  strewn  with  large  blocks  of  Black  River 
limestone  which  now  rest  upon  the  crystalline  rocks  of  the  mountain 
range  at  an  elevation  of  about  600  feet  above  the  limestone  deposit 
which  ia  found  in  the  fiat  area  west  of  the  lake  itself.  They  have 
probably  been  derived  from  this  outlier  or  &om  the  larger  ana  of 
these  rocka  which  occura  just  south  of  the  fionnech^  at  Eganville. 
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The  large  and  promineDt  ridges  of  boulders,  derived  from  the  ciye- 
talline  rocks  north  of  the  Ottawa,  which  are  so  frequent  in  the  area 
between  the  lower  Ottawa  and  the  St.  Latvrenoe  rivers  a»  rarely  seen 
in  this  portion  of  the  district. 

It  will  be  seen  that  one  of  the  principal  ioe  movementB  was  to  the 
south-east,  following  the  ilirection  of  the  lower  part  of  the  Ottawa 
rirer.  Going  soathword  however,  the  prevailing  direction  is  to  the 
south  west,  following  the  course  of  the  St.  Lawrence  river.  There  is 
moreover  a  marked  tendency,  as  tbo  western  portion  of  the  area  is 
reached,  to  assume  a  more  westerly  direction,  and  in  some  of  the  striK 
the  course  is  nearly  west.  The  peculiarity  of  these  changes  in  direc 
tion  will  be  readily  seen  by  reference  to  the  appended  list.  Further 
west  in  rear  of  Naponee  the  direction  of  some  of  the  ice  markings  is 
slightly  to  the  north  of  west.  Thia  aspect  of  the  question  is  more  fully 
considered  in  tbe  reports  by  Dr.  R.  Chalmers,  who  has  carefully  eia 
mined  a  large  part  of  this  area. 

LIST  OF  STRI^. 

At  qu»rry  2  tnilea  south  of  Sand  Point 8.  40  E.         L 

Koad  EganvUle  to  Clow  lake,  near  brook  midway S.  35  W. 

Ro»d  west  of  Clear  lake,  Sebostopol  township S.  28  W. 

Opeongo  road  eaat  of  Clear  lake,  near  Constance  oreek S.  ^  W. 

Opeoogo  road  we«t  from  Vanbmgh  post-offloe 3.  IB  W. 

Eoad  from  Opeongo  road  to  Hyland  lake. S.  30  W. 

Road  from  Opeongo  road  to  Eganville,  east  end  of  Lake  Clear S.  10  W. 

Road  2  miles  S,W.  of  Franktown,  Be  ok  with  township S.  46  W. 

Road  3  miles  north  of  Franktown S.  25  W. 

Road  Blacks  cMrner  to  Ashton,  at  Jock  river S.  10  E. 

Lots  16  and  16,  range  XI  and  XII.  Ramsay 8.  2N  E. 

Road  Pakenham  to  Snedden  at  railway  crossing S.  10  E. 

Half  mile  west  of  pHDmiire  comer S.  60  E. 

Half  mile  south  of  Perth S.  28  E. 

Two  miles  south  of  Perth S.  28  E.  and  S.  32  E 

West  of  Bathurst  ata.  C.P.R South,  and  later  S.W. 

Three  miles  north  ot  Smiths  Palls. 8.  1  W.  and  S.    3  W. 

South  of  Smiths  Falls S.  4  E.,  9.  1  W.  and  8.    6  W. 

One  mile  north  of  Smiths  Falls 8.  46  W. 

Half  mile  south  of  Perth 8.  87  W.  and  S.  62  W. 

FoiirmilesS.W.  of  Perth S.  42  W. 

Two  miles  south  of  Perth 8.  47  W. 

Near  Beckwith  lake,  south  of  Carleton  Junction 8.W. 

Mabarly  to  Sharbot  lake S.  60  W. 

Boas  of  limestone  at  Sharbot  lake S.  68  to  S.  46  to  8.  36  W. 

Road  from  lake  to  Zealand  post-office. .8.  36W.,  8.  48  W. 

Half  mile  north  of  Olivers  ferry S.  25  W. 

Road  from  Olivers  ferry  to  Perth,  half  mile  from  Perth S,  40  W. 

First  side  road  south  of  Olivers  terry S.  20  W. 
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Samenwd,  onemile  furchcron... S.  2(SW. 

One  mile  N.E.  of  Port  Elnuls; S.  10  W. 

Neu  md  between  Drummond  ud  Elmsley f!.  40  W.  vid  S,  2B  W. 

Two  mil«e  etwt  of  Port  Eltnsley S.   6  W. 

North  Elnule; S.  20  W. 

Road  nortb  of  Perth S.  40  W. 

Road  Bouth  of  LaDKrit. S.  35W. 

North  uf  Middleville,  Dear  Clyde  river  oroaiing S.   OK 

CroeaioK  of  Tar  caoal,  Elnuley 8.  35W.  uidS.  40  W. 

North  of  Smith*  Falls South. 

Gravel  ridge  near  Welih'«  Hiding  3  milee  north S.  30  W. 

One  mile  N.K.  of  Smiths  Palk,  MoDtagne South. 

CoDceuiona  I,  and  A.  Montague S.  10  K 

Road  one  mile  north  of  Harper  post-office -S.  36  W. 

Glen  Tay  or  crossing  of  Tay  river. K.  40  W. 

Koad  north  of  Scotch  line  near  Tay  river 8.  50  W. 

Same  road  south  of  Bathurststa.  C.  P.  K. 3.  48  W.  and  S.  66  W. 

Sootoh  line  nudweet  of  Perth 3.  40  W. 

Half  mile  N.E.  of  Perth S.  »  W. 

Road  north  of  LanarK South  and  S.  20  W. 

Neat  Armstrong  comer  Lanark  — ...  S.  60  W. 

Road  south  of  Fall  brook. ...     ...   3.  30  W, 

One  mile  north-west  of  Maberly  post-otfice 3.  86  E. 

Road  crossing  Bolton  creek,  0  miles  west  of  Fall  brook . .  3.  60  W. 

Road  east  of  Middleville,  Lanark 3.  10  E. 

Fjut  side  Roliertson^  lake,  Lavant. 9.  30  E. 

South  line  of  Darling.  N.  of  Galbraitb  postoflice South. 

Roadhalf  mile  N.W.  of  Dalhousie  lake. 3.40W. 

Road  one  mile  west  of  McDonald's  oomer. 3.  60  W. 

Kanies  on  road  Fall  brook  to  McDonalds  comer N.  60  E. 

Near  Bathurst  sCa.  C.P.R.,  range  IV  and  V,  Bathurst. 3.  45  W. 

Near  Dalhouioie  lake  road  between  VIII  and  IX 3.  46  W. 

West  nf  McDonalds  corner,  lot  9,  ranges  X  and  XI 3.  SO  W. 

Lot  17,  range  1,  Bathurst S.  60  W. 

Bend  of  road  touth  of  Tay  river  to  Scotch  road a  90  W. 

Road  belwenu  lots  20  and  21,  Bathum  I  mile  eaat 3.  10  W. 

C^larte^  mile  S.E.  oT  comers  on  road  to  Playfair. 3.  20  W. 

Halt  mile  north  of  WatMns  comer S.  10  W. 

Near  Elliot  [HWt-otfloe,  east  of  Christie  lake. S.  40  W. 

Road  from  Clayton  to  Lanark,  east  line  of  Lanark 3.  10  W. 

Forksof  road  one  mile  west  of  Poland 3.  lOW. 

Comer  of  road  south  of  Joee  lak<'  . . S.  10  K 

Kingston  and  Pembroke  railway  near  Folgerst.tion 8.  28  W. 

South  side  Madawaaka  river  on  MacNab  line. S.  25  E. 

Road  south  side  Calabogie  Uke , S,  28  E. 

Road  near  Ashdod  station,  KingBton  and  Pembroke  nJIway .    ...  S.  40  E. 

Comer  of  toad  between  Renfrew  and  Opeongo  statbos. S.  47  E. 

RoadS.E.  of  DougUs  station,  Canada  Atlantionilway S.  26  £. 

East  side  Loon  lake,  Effingham S.20W. 

Road  past  Maiinaw  lake  to  Oloyne S.  10  W. 

Road  near  Beech  oomet  four  milee  west  of  Plevna. . . S.    6  W. 

Addington  toad  nett  Burnt  bridge,  Madawaska  rivet South. 

Back  road  south  of  White  lake,  Datting  township S.3aK 

Road  south  of  Pakenham,  neat  Indian  river S.   8  W. 
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Panmure  ooniBr,  Huntley S.  50  E. 

South  of  PftDmora,  OBM  Ramuy  line 8.  60  E. 

Half  mile  north  of  PakeiihuD,  on  road  to  Einbvni S.  30  IC . 

Three-fourthi  mile  east  of  Antrim  cOmer, S.  60  E. 

South  Huntley,  north  of  big  fault 3.  SOE. 

OroaB  rond§,  two  milei  north  of  Kinbum. , . , ,    ....        -    .,..,....     S.  56  E. 

One  mile  north-west  of  HazeldeMi S.  30  K 

100  yards  weet  of  South  MBrah  Btation,  Canada  Atlantjo  railway.     S.  30  E. 

Corner  of  road  one  mile  south  of  Cloyne. S.    5  W. 

Road  S.E.  of  CarletonPlaos  line  VIII.  and  IX Martce  shallii 

Comer  of  Huntley,  Goulbourne,  Ramsay  township Marino  ibulls 

Cmtp  station  in  tcravel  ridge Marine  sheila 

Ridge  one  mile  south  of  Sand  Point Marine  ^elU 

Ridge  four  milea  north  of  Kinburn  station Marine  shells 

Ridge  south  part  of  Huntley  township,  road  to  Almonte  . . .     Marine  stnUs 
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APPENDIX 

Preliminary  litU  of  fomU  organic  r«main»  from  the  Pottdam,  Seek- 
manUnon  (CaleiferouM),  Chazy,  Black  Siver,  Trenton,  Ulica,  and  Pleis- 
tocene /ormaliont  comprised  wiUiin  Oie  Perth  Sheet  (JIV  119)  in 
Eaatem  Ontario. 

H.  M.  AMI.  M.A.,  D.  So.,  F.G.S., 

AuitiatU  PaliK/Hloloyitt  ta  the  f/eoloffxeal  Airtvjr  of  Canada. 


INTRODOCTIOM. 

The  sedimentary  formations  comprised  within  the  area  of  the  Perth 
Sheet  (No.  119)  have  afforded  qnite  a  series  of  fossil  organic  remains 
wherever  they  crop  out  in  those  portions  of  the  counties  of  Carleton, 
Lanark  and  Renfrew  where  collections  have  been  made  from  time  to 
time  by  officers  of  the  Qeological  Survey  of  Canada,  as  well  as  by 
local  geolc^ists  and  persons  interested  in  the  development  of  tbe 
geological  resources  of  this  portion  of  the  Ottawa  valley. 

The  paleontQlogical  evidence  obtained  in  these  collections  indicates 
the  presence  of  at  least  six  palteozoic  formations.  They  include  the 
following : — 

The  Utica  formation 

The  Trenton  formation 

The  Bird's  eye  and  Black  River  formation 

The  Ohazy  formation 

The  Beekmantown  (Calciferous)  formation 

The  Potsdam  formation. 
Although  the  Fotodam  formation  is  referred  to  the  Cambrian  system 
in  New  York  State,  nevertheless  the  palteozoic  formations  of  sedi- 
mentary origin  comprised  within  the  Perth  Sheet  all  appear  to  belong 
to  the  one  system,  namely,  the  Ordovician  or  Cambro-Silurian  system 
as  it  is  sometimes  styled,  forming  a  very  continaons  and  unbroken 
series  of  strata  from  tbe  base  of  the  Potsdam  sandstone,  as  exposed 
within  the  area  in  question,  to  the  bituminous  shales  of  the  TJtica 
formation. 
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From  ths  oollsotiooe  examiited  by  m^Belt  sa  well  m  from  the  lists 
prepared  by  the  late  £.  Billinga — palKontologiat  to  the  Geological 
Survey  in  tbe  early  days  of  the  department  wheo  tbe  first  examination 
and  reports  were  made  on  the  geological  resoarcss  of  this  part  of 
Canada,  no  evidence  of  truly  typical  Cambrian  strata  has  been  record- 
ed. The  presence  of  othocerata  and  gasteropoda  in  the  sandstones  of 
the  Potsdam  formation  clearly  indicate  that  the  fauna  present  is  not 
"  primordial,"  but  one  appertaining  to  tbe  later  and  subsequent  series, 
sometimes  styled  "  the  second  fauna  ",  the  Ordovioian  Age. 

With  the  ezceptitm  of  the  two  collections  from  the  Clear  Lake 
outlier  i&  tbe  Township  of  Sebastopool,  County  of  Renfrew,  obtained 
in  1896  and  1696  respectively  by  Dr.  Ells  and  his  assistants,  there  are 
practically  no  Bystematic  palseontologicol  colleotions  available  in  the 
department  from  trhich  to  prepare  a  satisfactory  report  on  the  fauna 
entombed  in  the  sedimentary  strata  within  the  sheet  in  question- 
There  ore  however  quite  a  number  of  smaller  collections  which  have 
served  to  identify  tbe  geological  horizon  in  various  localities.  The 
lists  are  here  given  in  the  natural  order  of  sequence  and  time  from  the 
oldest  Potsdam   to    the  most  recent  Pleistocene    formations    met 


ORDOVICIAN  SYSTEM. 

P0T8DA.II  FOBMAT105. 

I.  Perth,  Ontario.  Collected  hy  Sir  W.  E.  Logan  and  Dr.  James 
Wilson. 

In  tbe  neighbourhood  ot  Perth,  the  formation  consists  of  white 
sandstone  displaying  tracks  or  trails  of  mtrioe  organisms  referred  to 
Frotichnitas  and  Climaotichnites.  Two  forma  have  been  noticed  on 
tbe  slabs  of  sandstone  as  follows  : — 

1.  Protiehnitn.  ip.  a  formallied  to  P,  septem-notatus,  Owen. 

2.  ClimaetiehnUet  Wiltoni,  Logan. 

The  type  specimen  fran  which  Sir  Wm.  Logon  described  the  so- 
called  ladder-tracks  referred  to  as  Climactiekititei  is  now  preserved  in 
the  Museum  of  the  Geological  Survey  and  exhibited  on  tbe  west  wall 
of  the  palsontological  hall.  An  ezoellent  woodcut  or  illustration  of 
Climaeliehnitet  WiUoni,  Logan  may  be  seen  on  page  107,  Chapter  VI 
of  the  "  Geology  of  Canada  "  1863. 

14_,_6 
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It  was  ia  a  quury  and  on  the  property  of  Mr.  Uleti,  lot  6,  Buiga 
III,  in  the  Township  of  Dnnnmond,  near  the  town  of  Fertti,  Ont,  that 
the  lata  Dr.  James  Wiliton  diocovered  theee  trails  and  tracks  of  marine 
orKaaiama. 

TI.  Lot  22,  Rftnge  IX.  Township  of  Butftrd,  North  of  Beverly, 
Ont. 

The  following  speoiea  are  recorded  by  E.  Billings  from  the  sand- 
Htonee  of  thie  formation  there  expoeed.'*' 

Although  they  are  not  nnmeroos,  nerertheleea,  these  fonna  aerve 
well  to  aacertaio  the  geological  horiaon  to  which  the  strata  holding 
them  belong 

1.  Fucoid$. 

2.  Seolithu*  Canadttm»,  Billings. 

3.  TAngula  acuminata,    now   known   u  Lingnlepia  acnminatns, 

Conrad. 

III.  Perth,  Ontaria 

1.  Seolilhut  Jforriti,  Dawaon.g 

In  1698  Mr.  E.  D.  Ingall,  of  the  Mines  Branch  of  the  Geological 
Survey  Department  brought  to  the  mnseum  of  the  office  a  fine  ezunple 
of  the  species  figured  by  Sir  Wm.  Dawson  in  the  QuArterly  Jonmftl 
of  the  Geological  Society  of  Londoa.f    Ytd.  46,  p.  603. 

Thb  specimen  was  presented  to  the  survey  by  R.  J.  Drummond 
Esq.  of  Perth  and  was  obtained  by  him  from  the  sandstone  quarry 
from  which  the  blocks  were  used  for  canal  purpoaea. 

POTSDKM-B  8  KK  U  ANTOWN. 

{Paaaage  Bedt) 

IV.  Smiths  Falls,  Ont 

During  the  excavations  for  the  aqueduct  along  the  atreeta  of  Smith's 
Falls,  in  1901,  brownish-yellow  and  white  more  or  less  saccharoidal 
sandstone  layers  were  blasted  and  among  the  fossil  remains  collected 
by  the  writer  were  the  following : — 

1.  Fueoidi. 

2.  Ophileta  eomplanata,  Vanuxem  (several  speeimens). 

*  (ieol.  uf  Cmi.,  1H63,  page  93. 

I  Qtmrt.  Joiim.  (Ieol.  Sou.  Vol.  xWi,  pp.  616-617,  tg.  7.  Loodon. 

I  A  fine  example  of 
...e  Geological  Depsrtir 
Atiintrtnl,  iH-an  tlic  d»' 
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The  stnte  holding  these  may  fairly  be  deecribed  as  paesaxe  beds 
between  the  Fotadam  formation  and  the  next  overlying  series  :  the 
Beekmantovn  formations.  The  thin-bedded  and  arenaceous  character 
of  the  strata  in  which  the  fossil  remains  are  obtained,  indicate  that  the 
littoral  or  shallow — water  and  sandstone— depositing  conditions  of  the 
Potsdam  bad  not  disappeared  whilst  the  organisms  themselves  are 
characteristic  of  the  dolomites  or  calciferous  sandstone  of  the  Beek- 
mantown  form&tioo. 

CHAZT    FOKMATION. 

V.  Township  <A  HunUey,  Ont 

(a)  In  yellowish- white  sandstone  in  the  lower  part  with  a  gray  lime- 
stone above,  in  which  there  is  an  interstratified  bed  of  blackish -brown 
limestone  crowded  witJi  bivalve  Entomostraoa  not  far  above  which  are 
several  feet  of  yellowisb-fcray,  buff-weathering  argillaceous  magneeian 
limestone  apphcahle  for  the  purpose  of  hydranltc  cement,  the  follow- 
ing species  occur  :  *. 

1.  Strophemena  edtemata,  Conrad. 

2.  BliynehondlapUwi,  HalL 

3.  LeperditiaCtmadmuiijSoaiM. 
i.  BatKgunta  Angelini,  Billings. 

The  Xynehonalla  jUtna,  so  characteristic  of  the  Upper  Cbazy  is 
stated  to  be  very  rare.     It  ia  now  referable  to  the  genus  Camarota- 

(6)  On  lot  6,  Range  X.  township  of  Huntley  near  Fakenham,  the 
following  spedes  of  ostracod  occurs  in  a  brownish-black  limestone  in 
great  abundance. 

1.  Leptrditia  Canadentit,  Jones. 

BLACK   BIVEB   FORMATION. 

VI.  Pakenbam,  Ontario,  near  Dicksons  Mills. 

1.  Golumnaria  HaUi,  Nicholson. 

2.  Orihoaerai  funformio.  Hall' 

3.  Ao^noeenu  Bigtbyi,  Stokes. 

Of  the  fossil  evidence  obtoined  here,  Mr.  Billings  writes : — 

"The  Birdseye  and  Black  River  formation  yields  very  large 
masses  of  Colnmnaria  alveolata  and  some  of  ito  beds  abound  with  great 
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orthooemtites,  the  cb»mbers  of  which  have  ocoMJoiutlly  been  foand  hj 

Mr.  Dickdon  to  hold  large   qaantitiea  of  pebrolenm  " "  Among 

the  orthooe  rati  tee  at  Dickgooa  Mills  Orthooerat  Bigibgi  nuigee  from 
aine  to  eight«ea  inches  in  length,  and  O.futiforme  is  met  with  two 
feet  long." 

VII.  Pakenham,  Ontario.     CoUeotion  of  the   late  Sheriff  Dickaon. 

1.  Sythotrepki*  (Chondritei)  mceulent.  Halt. 

2.  SlromaU>e«riiim  rugoiwn.  Hall. 

3.  Tttradium  JSfratum,  SaSbrd. 

4.  Cdtt-maria  ffatli,  Nicholaon. 
E>.  Orthi*  trieenaria,  Conrad. 

6.  Actinaeara*  Bigibyi,  Stokei. 

VIII.  Township  of  McNab.     Collection  received  from  A.  M.  Camp- 
bell, Eaq.     December  10,  1890. 

I.  StrepUUumaprofimdum,  Hall. 
3.  Colwnnaria  HaUi,  Nicholson. 

3.  Mtt.rehi*onia  (Bormotoma)  ffraeitu.  Hall. 

4.  Mur<Ai$onia  (Lophotpira)  MilUri,  Hall. 

(  =^  Jf .  biciiKta,  Hall  of  former  reports.) 

5.  J/wrcAuetua  or  Loxonamao  »p. 

6.  I'rochonema  umbilicatumf  Hall. 

TBENTOH   FOHMATIOM. 

IX-  Pakenham,  Ontario,  from  the  collection  of  the  late  Sheriff 
Dickson,  1890. 

1.  Licrophycut  minor,  BiUings- 

2.  Solenopora  compacla,  Billings. 

3.  Pratopora  oculata,  Foord. 

4.  Praeopora  lyc<ipvrdon,  Vanuxem.  {^P.  Stlwyni,  Nich.) 
6.  AgtiaBrinitet  Dickaoni,  BUItuga. 

6.  Glyptocriniu  ramuttMui,  Billings. 

7.  Pl«urooyilil«»  tqttamonu,  Billings. 

8.  Lingula  qtutdratOy  Eichwald,  as  of  Billings. 

9.  Liri^  riciniformii,  HaU. 

10.  Pleelambonilet  gerieau*.  Sowerby. 

II.  Safimetquina  all«rttata  (Conrad),  1 

12.  Hajtiteaquina  ddloidea,  Conrad. 

13.  Dalmanella  tealut&tuiriaf  Dalman. 

14.  Murchiaonia  beUicineia,  HalL 
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15.  Fuawpira  it^/tttijormisi  Hall. 

16.  OrUuxxraa  ap. 

17.  Sndoeeraa  proli/orme.  Hall. 

18.  Aiapkut  plalyefp/ialus,  Stokes. 

19.  Catynune  s&ruiria,  Conrad. 

20.  Ceraurui  pleurexanthemus,  Green. 

X,  Locality  : — "  One  milo  north  of  Hotel,  Almonte,  Out."  Col- 
lector and  date  :— T.  C.  Weston,  1666. 

Horizon : — Near  the  sammlt  of  the  Trenton  formation,  so  far  as  the 
asBOciation  of  forma  in  the  small  collection  examined  appears  go  indi- 
cate. 

List  of  ipecUs. 
Bryozoa, 

1.  Paehydictya  acuta,  Hall. 
Brachiopoda. 

2.  Lepiaena  (PUetambonitet)  aerieea,  Sowerby. 

3.  OrthU  (DalmaneUa)  UttudiiMria,  Dalman. 

4.  Zygoapxra  mode»ta,  Hall. 

Cepbalopodia. 

6.  OrtAoeerat  ilrigatum,  Hall. 
TriloUta. 

6.  Proitut  parviu»GviuB,  Hall,  or  a  very  cloeely  rf>lated  form. 

7.  Portion  of  the  cephalic  shield  and  pygidittm  ot  Ka  asaphoid  or 
proetid  trilobite,  too  imperfectly  preserved  for  identifica- 
tion. The  larger  fragment  of  the  pyg'dium  present  in  the 
collection  resembles  somewhat  the  flattened  pygidium  of 
Bathyurus  extant,  Hall,  of  Black  River  age,  whilst  it  presents 
also  affinities  to  Ptychopyge.  Until  beti«r  specimend  are 
procured,  it  will  be  impossible  to  state  definitely  what  the 
species  is  that  is  here  represented. 

Ostracoda. 

8.  Primitia,  sp.  nov.,  a  rather  large  and  apparently  undes- 
cribed  form  from  the-Ordovicisn  of  the  Ottawa  valley 

VTIOA    FORMATION. 

XI.  Clear  Lake  outlier.  Clear  Itike,  Bouth-we3t«rn  corner  of  Ren- 
frew connty,  Ontario. 
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Collected  b;  B.  W.  Ells  tuid  L.  M.  LuDbe,  1896.  HorizoD.-Lowir 
Utica. 

Litt  of  »peeiet. 
(imptolitoidea. 

1.  Orthograpttu  quadrim'nervnatus,  Hall. 
Ea^nodermata . 

2.  Critioidai  fragmenU. 

Brachiopoda. 

3.  L«ptobolut  intignit.  Hall. 

4.  Leplcbolut,  ip.  iodt. 

5.  Lingulft  Progne,  Billinga. 

6.  Lingtda  evrta.  Hall. 

7.  i  Schizocrania  filoaa.  Hall. 

8.  Plectambonitet  Mricetu,  Sowerbj.     Three   varieties  nuch  as 
are  aUo  foond  in  the  lower  Utica  of  Olouoester  and  Ottawa. 

9.  Orthit  (Dalmanella)  tMttidifutria,  Dalman.     A  rather  small 
and  depauperated  variety. 

10.  Zygopria  modetta.  Say. 

Gasterpoda. 

11.  Pleurotomaria  or  ifvirhitonia,  sp.    Too   imperfectly  pre- 
served for  identifieation. 

Lamellibranohiata. 

12.  Lj/rodeiina  ptdehellum,  "BaU. 

13.  Modiolopaia  curta,  Hall. 

14.  Nuc\UiUi,  ep. 

15.  t  Pltrinta,  ap.  indt. 

Cephalopoda. 

16.  Endoeenu  protei/orme,  HaiL     Embryo  sheaths. 

17.  Ortkoeerat  tanuUotum,  Halt, 

18.  TroeholitM  ammoniut, 'EmmoJXB. 

Pteropoda. 

19.  Conularia  gracHU,  Hall, 


,  Triarthrua  Becki,  Green. 

.  Aiaphut   latimarginatua.    Hall.     (  =  Ataphut  Canadtn$ie, 
Chapman/ 
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Ostracodo. 

22,  PrimUia  Ulriehi,  Jones. 
Cirripedia. 

23.  TvrrUepa*  Canadensis,  Woodward. 

NoU  on  the  favna. 

The  asaembUge  of  species  noted  above  Mid  identified  from  the  col- 
lection before  me,  representa  that  of  tbe  lower  half  of  the  TJtica  for- 
mation. It  corresponds  to  the  fauns  of  the  same  horizon  foand  along 
tbe  Rideau  river  below  Sparks  rapids  and  above  Cnmmings  Bridge. 
Among  the  more  interestinf;  forms  discoTered  were  ; —  '*' 

TwrUepaa  Canadetmt,  Woodward.  This  small  cirripede  was  first 
fonnd  by  the  writer  in  the  impure  bituminous  limestone  baud  at  the 
head  of  Sparks  rapids  on  the  Rideau  river, which ,  also  marks  the  zone 
of  Schixambon  Canad«ntie,  that  pretty  little  braohiopod  formerly 
referred  to  as  Siphonotreta  Scotia,  Davidson. 

Conularia  gracilis.  Hall.  A  number  of  examples  or  fragments  of 
this  species  appears  in  this  collection,  as  indeed  tbey  do  inalmost  every 
collection  from  this  formation,  from  the  Manitoulin  islands,  Lake 
Huron,  from  Ontario  and  Quebec,  even  as  far  north  as  the  Lake  St. 
John,  outlier,  where  well-preaerved  examples  of  this  intarestaog  sessile 
Conularia  wereobtained  by  the  late  Dr.  A.  R.  C.  Selwyn  in  1870. 

For  further  information  on  this  species  the  reader  is  referred  to 
that  most  interesting  paper  by  Dr.  B.  Rnedemann  entitled  : — The 
"  Discovery  of  a  Sewile  Conularia.  f 

XII.  Fossils  from  Clear  lake,  Township  of  Sebastopool,  County   of 
Renfrew,  Ont.  collected  by  W.  J.  Wilson,  189C,  for  Dr.  R.  W. 
Ells. 

1.  Clinaeograptus,  sp. 

2.  Crinoidal  Jragments. 

3.  Lingula  Progne,  Billings. 

4.  Lingula  eurta  t  Hall. 

5.  Leptoholus  insignis.  Hall. 

6.  Leplobolua  sp. 

7.  Plectambonitea  sericcus,  Sowerby. 

8.  Orthii  (DalTTianella)  testudinaria,  Dalman. 

9.  Zggospira  modesta.  Say. 

•  Geological  Maguine,  Dec.  III.  Vol.  VI,  no.  SOO,  p.  ?n,  1889. 

t  Amer.  Gieol.,  Vol  17.  No.  8,  pp.  1S8-16S.    Mkrcb  1896.    MinnespoIU,  Minn. 
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10.  Trocholilw  ammonius,  EmmonB. 

11.  Endoeertu  proteiforme  (I)  Hall. 
12  Corwiaria  yraeilit.  Hall. 

13.  Tiarlhru*  Seeki.  Oreen,  adult  aiul  lawal  forms. 

14.  Ataphus  latimarginatui,  Hall  (  =  A»apku$  Canadetms,  Cbap- 
maa). 

16.  Primitia  Ulrichi,  Jones. 
It  was  from  this  collection  hy  Mr.  Wilaon,  that  the  Utica  forma- 
tion was  reoorded  so  far  weet  of  Ottawa  citj,  along  the  Ottawa  valley. 

SAZICATA  8AK0. 

XITI.  Carp,  Ont.     Collected   by  H.  M.  Ami   and  W.  J.  WUson, 

September.  26th,  1896. 
In  the   sands   and  gravels   overlying  the  clays  of  the  valley  of  the 
Miuiuippi  river,  forming  the  ballast  pit  near  the  Railway  Station  at 
Carp,  the  following  apeciee  of  marine  shells  were  found*  .* — 
t .  Saxieava  rwfota,  Linnfeus. 

2.  Jfaeoma  Ballhica,  £.  (  =  M.   fr^lis,   Fabricins  of  previoQS 
lists.) 

3.  £alantia  Ifameri,  Ascanius. 
i.  Balanut  crewUut,  Bmgni^re. 

Immediately  south  of  the  Canada  Atlantic  and  Parry  Sound  Rail- 
way Station  at  Carp,  the  hill,  Bome  twenty  five  feet  in  height  consisting 
of  coarse  gruvel,  admirably  sniled  for  ballast  and  made  up  for  the 
most  part  of  well-worn,  and  rounded  sea-washed  pebbles  of  Archa°&n 
age,  was  utilised  by  the  railway  authorities,  and  practically  carried 
away  in  its  entirety. 

Collected  by  by  W.  J.  Wilson  &  H.M.Ami,  Sept,  26th,  1896. 

XIV.  Mohrs  comers  P.O.  Collected  by  W.  J.  Wilson  and  H.  M. 
Ami,  September,  26th,  1896. 

On  the  brow  of  the  hill,  and  three-quarters  of  a  mile  to  the  south- 
east of  Oaletta  Station  along  the  Canada  Atlantic  and  Parry  Sound 
Railway,  forming  a  sand  and  clay  terrace,  the  following  marine  shells 
were  found  by  Mr.  W.  J.  Wilson  and  the  writer,  and  recorded  in  the 
October  number  of  the  Ottawa  Naturalist  for  1896.* 

1 .  Saxieava  rugoaa,  L. 

2.  SfaeoTtia  Ballhica,  L. 

*  The  Ottawft  Natuntliet,  Vol.  x,,  No.  7,  p.  142,  Oct.  1896. 
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QtTATEElNABY  SYSTEM. 

PLBIBTOcnrB. 

(Shell-Marl  or  lacnatrme  depoBit) 
XV.  Lake  Clear,  Township  of  Sebostopool,  Renfrew  Co.,  Ontario. 
In  Report  of  Pn^reas  of  the  Geological  Survey  of  Canada  for  1857, 
Mr.  E.  Billing^,  who  visiteJ    the    locality,  abates   that  in  the  smaller 
lakes  north  of  and  connected  with  Lake  Clear  he  "found  that  exten- 
eive  deposits  of  shell-marl  were  in  the  progress  of  accaoaulation." 
From  these  deposits  he  found  the  foUotring  species  : — 
1.  Phjfga  helerogtri^ha.  Say. 
3.  Planorbit  cawipamdaiua.  Say. 

3.  Planorbis  tiearinafus,  Backett. 

4.  PaludiTia  decUa,  Saj. 

5.  Cf/eku  orbioularit.  Say. 

6.  Unio  eomplanatut.  Lea, 

7.  AnodonJIuviatilU,  Lea. 

Mr.  Billings  adds  the  following  interesting  note: — "The  marl 
however  consists  almost  altogether  of  the  shells  of  the  species  of  Ooste- 
ropoda  above  mentioned  and  aa  the  living  specimens  do  not  appear  to 
be  more  numerous  in  the  lake  than  they  are  upon  the  shores  of  some 
of  the  rivers  of  the  country,  it  must  have  required  a  great  length  of 
time  for  these  remains  toaccumulate  to  the  depth  of  several  feet,  which 
is  often  attained  by  the  beds  of  marl." 

*  OCUwa  Natunlut,  Vol.  X,  No.  '7,  p.  143,  1896. 
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This  report  has  been  written  to  accompany  r  lately  revised  map 
of  the  Pictou  Coal  Field  and  its  neighborhood.  It  has  been  prepared 
more  especially  for  the  use  of  local  observers  and  will  be  foand  to  d  well 
on  some  details  which  otherwise  would  not  be  of  sufficient  importance 
to  receive  notice. 

The  district  described  offers  within  a  small  radius  a  wide  field  for 
observation  and  it  b  one  convenient  of  access  from  either  Stellarton 
or  New  Glasgow  as  a  centre.  It  supplies  representative  series  of  seve- 
ral geolc^cal  systems,  maay  exposures  of  varied  structure,  and  also 
what  is  of  importance  to  the  student,  its  examination  wiU  suggest 
<]nestionB  which  he  may  put  to  himself  and  find  no  answer  anticipated. 
It  also  leaves  opportunity  for  detecting  overlooked  details,  and  for 
modifying  present  deductions,  and  so  makes  the  field  one  of  increased 
interest.  Reference  also  ie  made  to  the  diverse  views  held  respecting 
the  correlation  of  some  rock-series  in  order  to  call  local  attention  to 
the  discussions  and  thus  stimulate  exploration  and  impartial  criticism. 

It  is  assumed  that  the  student  of  the  structure  of  the  field  has 
access  to  the  principal  reports  and  papers  herein  referred  to,  especially 
to  the  report  of  Sir  W.  K  Logan  of  1866-9. 
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LITERATURE,  IN   PART.  OF  THE  PICTOTJ  COAL  FIELD. 

HaUtmnon'i  Uiibur  ;  1829,  p.  414. 
Jtcktoa  t  Alger,  with  m*p,  1832. 
G«uier'i  Geolog7  irith  nup,  1S36. 
Gamet'a  ludiutrikl  Reiourcea  1S4B,  p.  229. 
Joumala  of  the  Hmue  of  Auembljr  IStf,  App.  49. 
Uswmii'b  Atadita  GaAogy,  ISS6  anil  later  editioiu. 
The  CoJ  Fieldii  of  Nov*  Scotia,  1B71 :  J.  Rutherford, 

G-ul.  Sutv.  Report,  1866-69 ;  Lngan  k  Hartley.  I 

t<t»l.  SuTv.  Reiiorta  part  F„  1886  and  1R92,  vitb  map^  and  1902-3,  by  H.  Fletcher. 
The  Pictou  Coal  Field,  1893 ;  N.S.  Iiut.  3c  -,  H.  3.  Poole. 

Hiatory  of  Pictou  County.  Dr.  Patenon,  Tnni.  N.S.  Mtning  Society,  18M,  Vol.  II,  2. 
Inapeclor  of  Mium  Reports,  1860,  etc. 

QuarC  Jour.  Reol.  Soc.  Vol.  1,  p.  322,  of  184"^,  etc.  ; 

Tnoa.  N.8.  Intt.  of  So.  ;  Sundry  papen  by  B-  <;.  Haliburton,  1857. 
Hearj  Poole,  1S63,  etc  ;  H.  3.  Poole ;  £.  Gilpin ;  Dr.  Honneyman. 
Canadian  Natoraliat.  Aug.  leiiO,  H.  Poole. 
Or.  Honneyman's  pa|>eni ;  SnGwil.  Surv.  Report,  part  f.  1386. 
Tram.  N.S.  Mining  Sue.  ;— Can.   Mining  Inst.— Am.   Inat.  of  M.  K.,  and  othei 
kindred  publicationH. 

Refekbnc.'KS. — Where  in  the  text  a  name  and  page  only  are  given  tbey  refer  to  the 
above  paiwra  upoeially  relating  to  thin  cool  field  ;  e.  g.  Ixigan   and   Hartley  :— These 

name*  reftr  f .  the  <;e<Jli«ical  Suriey  Rep.  of  lH«i-69. 
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THE  COAL  FIELD  OF  PICTOU  COUNTY, 
NOVA  SCOTIA. 

Map: — The  regalar  map  of  the  province  of  Kova  Scotia  baaed  in 
sheets  by  the  Geological  Survey  ia  on  a  scale  of  one  mile  to  the  inch 
and  on  it  the  Fictou  Coal  Field,  although  of  small  area,  is  so  cut  up 
that  parts  of  it  appears  on  four  separate  sheets.  This  is  a  great  iuoon- 
venience  for  reference  to  ao  important  a  district  and  is  one  which  the 
accompanying  map  as  a  unit  avoids. 

This  map  is  a  revision  to  date  of  that  referred  to  by  the  writer  in  Obligktioiu  of 
his  paper  of  1893,  where  due  credit  for  the  accuracy  of  the  topography  w^^^led- 
was  given  to  the  resurveya  of  the  late  Mr.  J.  O,  Rutherford,  and  toK"''- 
the  reductions  and  replottings  of  mining  and  other  plans  by  Mr.  Flet- 
cher of  the  Geological  Survey.  In  the  study  of  this  complicated  field 
the  experience  and  advice  of  Mr.  Fletcher  were  invaluable  and  freely 
drawn  upon  by  the  writer.  No  attempt  was  made  to  coutoar  the 
surface,  but  the  directions  of  the  underground  levels  at  various  depths 
of  the  pit  workings  are  shown  by  dotted  lines.  Elevations  above  sea- 
level  are  noted  in  places  along  the  railways  and  on  hill  tops.  A  glance 
at  this  map  and  at  the  faults  which  are  marked  shows  that  the  neigh- 
borhood has  been  much  disturbed  and  a  study  of  it  may  leave  a  doubt 
whether  the  condition  in  some  parts  has  been  correctly  represented. 
As  time  goes  on  and  fresh  exposures  of  the  rock  structure  are  brought 
to  light  it  is  probable  that  some  modifications  may  be  suggested.  It  is 
hence  desirable  that  observations  be  kept  and  forwarded  to  The  Geo- 
logical Survey,  Ottawa,  for  record. 

It  was  explained  in  the  paper  of  1693  by  the  writer,  on  what  grounds 
changes  were  then  made  from  the  report  of  1866-69  in  which  Logan 
was  careful  to  state^'  What  is  now  offered  is  to  be  considered  as  only 
a  distant  approximation  to  the  truth,  to  be  improved  hereafter  as  occa* 
sion  may  serve  and  further  developments  may  occur.'  This  proviso  is 
extended  to  the  present  report,  the  structure  of  the  field  being  com- 
plicated and  explorations  still  imperfect, 

Location  of  (he  Fidd : — The  geological  observer  travelling  by  rail  for  Notes  on  the 
the  Piotou  Coal  Field,  on  leaving  Truro,  passes  through  cuttings  of  233  *°  ** 
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bright-nd,  nutuiTe,  aoft,  Triauic*  sandstone,  the  highest  in  the  geologi- 
cal aequeDM  with  the  exception  of  the  Pleistocene  Mid  recent  depositi. 
Just  bejond  Valley,  the  first  station,  abluff  across  the  rirer  marks  the 
southern  end  of  a  flat  of  cultivated  ground.  At  the  northern  end  of 
this,  above  the  sweep  to  the  west  taken  by  the  river,  horizontal  beds 
of  tbeee  eandstones  rest  on  steeply  inclined  rocks  of  another  SMies, 
dipping  upstream,  duller  and  darker  in  colour,  harder  and  more  angular 
iafracture.  The  eipoen re  offers  a  good  example  easily  seen,  of  an  im- 
portant structural  feature—a  well  defined  unconformable  contact. 
The  older  rocks  now  entered  on  are  followed  by  the  railway  for  many 
Psinotitologi-  miles.  They  have  been  brought  into  prominence  by  some  paleeontolo- 
^  gists  who  have  questioned  the  horisoQ  assigned  them  by  the  field  geolo- 
gists of  the  Survey ;  and  easily  eKamineil  at  the  succeeding  stations ; 
they  are  distinguished  as  the  rocks  of  Union  aod  Riversdale.  They 
yield  a  fossil  fauna  and  flora,  and  the  latter,  thin  beds  of  coal.t 

Farther  east  a  sprinkling  of  copper  pyrites  in  rocks  of  the  later  age 
near  Lansdowne  gave  a  "  mine  "  to  the  Copper  Crown  Co.,  in  1899. 

Continuing  onward  the  watershed  at  an  elevation  of  560  feet  is  crossed 
and  a  descent  made  to  the  East  river,  a  stream  of  moderate  size,  that, 
in  its  upper  reaches  appears  to  occupy  a  valley  of  erosion  and  to  follow 
the  same  course  it  held  in  early  Carboniferous  times  before  the  wide 
spread  series  associated  with  massive  marine  limestone  and  plaster 
were  deposited.  Hopewell  passed,  the  main  branches  ofthe  river  uoi- 
te  at  Ferrona  and  enter  a  rocky  gorge  cut  in  preglacia)  ages.  On  the 
edge  of  the  ravine  the  track  runs  through  a  district  of  low  hummocks 
and  kettle  holes  which  mark  the  recession  eontliward  of  the  pleistoce- 
De  ice. 

At  Riverton,  the  ravine  widens,  the  river  strikes  another  series  of  J 
bright-coloured  rocks  which  are  shattered  and  imperfectly  cleaved,  and 
it  is  there  diverted  to  make  a  great  U-shaped  bend.  Continuing  north- 
ward by  the  river  in  the  dark  gray  rocks  which  form  the  central 
margin  on  the  south  side  of  the  coal  field  the  rocky  ravine  is  left 
behind,  and  a  well  marked  fault  crossing  the  stream  brings  against  ibe 
gray  series  a  conglomerate  of  the  Middle  Carboniferous.  Across  the 
river  to  the  right,  McGregor  hill  supplies  an  illustration  of  a  diorit« 
neck  surrounded  by  gravel  set  in  volcanic  ash. 

The  next  turn  of  the  stream  shows  at  the  pumping  station  red 
stained,  Millstone  Orit  beds,  and  almost  immediately  after  the  train 

*  The  Newark  tyttem  oE  U.  S.  A.,  seologuts. 
+  Geol.  Surv.  Reii.  VoL  V,  (N.fl.)  p»rt  p.,  p.  18. 
iG«ol,  Hurv.  Re|>.  ISOS,  Hutley'a  No.  2.  Srction  3. 
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draws  up  at  St«lUrtoti  Junction  where  the  crop  of  the  McOregor  soam 
is  crossed  by  the  river.  Another  mite  and  the  verdant  intervale  studded 
with  fine  elms  is  passed,  tide  water  is  reached  and  ezposaree  are  seen 
on  either  side  of  the  black  bituminous  shales  which  to  a  depth  of  1,000 
feet  overlie  the  main  coal  seam  of  this  section  of  country. 

The  easily  eroded  measures  of  the  ooal-beariog  series  left  behind,  the 
river  gathers  its  waters  together  and  Sows  throngh  a  narrowed  pre^la- 
cial  channel,  cutting  the  hill  range,  chiefly  composed  of  a  thick  bed  of. 
coatse  oonglomerate,  which  forms  the  northern  margin  of  the  ooa)  field 

at  New  QlasiFOW.     Here  is  another  battle  irronnd  of  ffeoloirist,  a  bane  .^  geolo^cal 

.*  J.  oo  battle  pxiund. 

on  which  rival  views  have  been  urged.* 

As  shown  on  the  map,  the  area  of  the  coal  field  is  certainly  very 
limited  in  extent,  but  it  includes  all  that  is  known  of  the  productive 
measures  io  Pictou  county.  It  is  true  that  seams  of  coal  do  exist  in 
other  parts  of  the  oouaty,  but  they  are  alt  thin  and  nowhere  of  work- 
able thickness.  In  many  places  outside  this  ares,  pits  and  boreholes 
have  been  since  1858  put  down  in  search  of  coal,  but  all  attempts  to 
extend  the  field  have  been  so  far  unsuccessful. 

The  structure  and  the  relations  which  exist  north  of  the  New 
Glasgow  conglomerate  to  the  Productive  Coal  Measures,  prospectors  are 
slow  to  realize  or  to  acknowledge.  As  to  the  hopes  entertained  on 
the  one  hand  and  the  improbabilities  on  the  other,  for  success  attending 
explorations  outside  the  field,  they  later  on  will  be  briefly  considered. 

I'hyBtcal  Geography  .-^The  coal  field  of  Pictou  lies  some  9  miles  in 
land  from  the  shore  of  Northumberland  strait  and  to  the  south  of  a 
range  of  high  laud,  at  the  head  of  the  navigable  tidal  waters  of  the 
East  river,  where  the  town  of  New  Glasgow  is  built. 

The  East  river  iutersecte  the  centre,  and  the  west  and  east  districts  Surface 
are  dnuaed  by  brooks  tributary  to  the  Middle  and  Sutherland  rivers. 
They  all  have  chosen  faulted  ground  for  their  exits.  The  area  occu- 
pied by  the  Productive  Measures  averages  nine  by  three  miles,  and 
the  greater  part  is  composed  of  soft  rocks  which  have  been  easily 
eroded,  making  the  field  appear  to  occupy  a  valley  between  hills  of  older 
rocks  to  the  south  and  newer  strata  to  the  north.  Faults  have  dis- 
turbed the  stratification  and  tilted  it.  Irr^pilarity  of  erosion  has 
consequently  ensued  and  parts  of  the  field  less  easily  worn  away,  as  at 
Thorburn,  Black  Uinea  and  Westville,  have  retained  a  greater  altitude 
their  elevation  somewhat  exceeding  200  feet.  Portions  of  the  hill  ranges 
to  the  north  and  south  retain  still  higher  elevations,  350  feet  to  dou- 

lian  Syateoi. 


ib.Google 


O   U  HOVA   SCOTIA 

ble  that  Attitude.  The  preaent  ■breams^  for  the  moet  part  Bow  over 
rooky  bada,  having  either  cut  throagh  the  glacial  deposits  or  been 
diverted  bj  them.  McCulloch  brook,  empt3dng  into  the  Middle  nver 
sappliefl  an  illustration  of  the  latter  condition.  Salt  water  is  met  bj 
the  main  straams  at  the  head  of  long  arms  of  the  sea  more  or  ten 
aitted  np  and  with  their  channels  now  depressed  below  the  reach  of 
Snbsidenon  M  eroding  forces,  making  it  evident  that  subsidence  here  has  been  the  n»- 
ihe  Ikud.  tnre  of  the  more  recent  movements  «fiecting  the  relation  of  land  and 

sea.  The  influence  tbe  geological  stractare  has  had  on  the  contour  of 
the  surface  u  indicated  by  the  configuration  in  many  places  ;  for  exam- 
ple, the  Westville  diatrict  separated  by  a  fault  of  2,600  feet  from  the 
Albion  district  has  the  tine  of  separation  marked  by  the  general  course 
of  McCulloch  brook ;  and  the  dip  of  tbe  strata  in  the  former  district 
is  indicated  liy  the  direction  of  the  small  water  courses  leading  to  tbe 
brook.  Then  the  outcropping  of  the  base  of  the  great  conglomerate 
bed  coincides  with  the  general  direction  of  the  Fraser  mountain  range 
at  New  Glasgow,  and  the  older  and  harder  pre-Carboniferous  rocks  give 
a  ran^e  of  higher  ground  on  the  southern  rim  of  tbe  field. 

Theoretical  Contideratione : — To  arrive  at  some  idea  of  the  circums- 
tances that  lead  to  the  apparently  limited  area  of  the  field,  and  to 
theorize  on  the  possibility  of  an  nnseen  extension  still  existing,  it 
may  be  well  to  shortly  review  the  chief  cycles  of  change  that  the 
remains  of  systems  and  formations  have  recorded.  To  this  part  of  the 
country  the  form,  much  as  we  have  it  today,  was  given  in  very  early 
epochs.  The  limits  seem  to  have  been  established,  the  chief  lines  of 
movement  defined  before  tbe  dawn  of  life,  if  that  were  with  the  Cam- 
brian, and  the  directiono  of  relief  during  oscillations  of  level,  then  be- 
gun, continued  to  act,  probably  for  all  the  continental  changes  that 
have  since  occurred, 
^irowch  nf  thn  The  nuclear  Laurentian  platean  of  the  continent,  centring  round  the 
contmen  .  indenting  Hudson  bay,  has  the  River  St  Lawrence  as  its  southeastern 
border.  Parallelling  the  river,  the  Appalachian  mountains,  under 
other  names  extend  to  the  Gulf  and  entangle  in  their  folds  tbe  sucoes- 
sive  deposits  of  the  PalFeozoic,  mode  up  of  the  waste  of  the  Archtean. 
The  older  members  of  the  series  in  New  Brunswick  present  a  lower 
front  to  the  Oulf  and  form  a  geological  bay  occupied  by  undistubed 
sedimenU  of  the  Middle  Carboniferous;  this  in  turn  is  overlaid  by 
the  Fermo- carboniferous  or  Fermtan  of  Frinoe  Edward  island. 

Along  the  southeast  margin  of  the  axial  plateau,  seemingly  unbro- 
ken, the  continental  movements  in  Azoic  timee  established  lines  (rf 
permanent  weakness  which  governed  the  future  structure  of  our  eaat- 
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em  section  of  the  provinoa.  Tbe  fracture  bouoding  the  contineatal  Uoeaof 
ahelf  at  the  point  where  it  is  defleobad  60°  ahaqjty  to  the  eaat,  sent  *«ltn«- 
westward  from  the  etnbayment,  a  branch  fault  which  appears  to  have 
continued  to  mark  a  line  of  weakness  siid  movement  for  Bnbsequent 
oscillations  of  a  general  character  between  Cape  Breton  and  Xewfound- 
laod.  It  affected  the  northeastwardly  continuatioa  of  the  Appalachian 
distarbancee  and  caused  some  of  them  to  deflect  along  the  Cobeqnicl 
hilb  and  again  change  their  course  through  Invemess.  Thus  was  left 
an  area  comparatively  less  disturbed,  which  is  now  occupied  by  the 
Gulf  and  the  atrip  of  shore  fringing  it.  Within  this  jib-shaped  area 
the  coat  measures  apparently  were  the  last  deposits  to  be  seriously 
afiected  by  the  orogenic  movements  which  developed  the  primary 
faults  approximately  parallel  with  the  hill  ranges  and  the  secondary 
fractures  diagonal  to  ^em. 

Relieved  by  the  Bay  of  Fandy  faulting,  and  the  folding  that  radia- 
ted from  Shepody  mountain,  the  Wallace  anticline  which  passes  east 
through  it  gave  shelter  to  the  Cumberland  Coal  Field.  The  protrusion 
of  the  old  rocks  of  Kount  Dalhousie  and  its  extended  base  along  a 
primary  dislocation  gave  shelter  behind  Waters  hill  to  the  Pictou 
Coal  Field,  remaining  within  the  faulting  of  subseqaent  movements. 
If  thb  view  be  correct,  the  prospect  of  another  field  of  coal  existing 
away  from  the  sheltering  rim  is  not  encouraging,  unless,  indeed,  a 
similar  structure  can  be  found  to  be  repeated  clear  of  or  under  the 
overljriug  measures  which  have  so  far  concealed  it. 

Stmctural  Features  : — -The  student  will  find  within  a  radiuH  of 
eight  miles  of  NewOlasgowmanyillustrationa  of  geological  phenomena: 
1st,  faults  ;  2nd,  unconformities  ;  3rd,  sections  of  continuous  series  of 
deposits;  4th,  cleavage,  induration  and  alteration  due  to  igneous 
intrusions  and  lateral  pressure  ;  5th,  opportunities  to  note  the  diffe- 
rence in  correlated  series,  and  6th,  the  difficulties  of  distinguishing 
between  some  series  of  distinct  horizons. 

1.  Faultingg  of  tin  Field. — Of  these,  there  are  boundary  faults  of  a  paulia. 
magnitude  difficult  to  estimate ;  secondary  faults  showing  displacement 
-of  scratigraphic  importance  ;  and  settlement  faults,  merely  local.  These 
have  been  in  part  traced  and  mapped.  Some  have  been  cut  only  in 
working  the  pits,  others  have  been  safely  assumed  from  observation 
of  changes  of  dip  and  character  of  strata,  but  good  exposures  of 
faulting  can  be  studied  on  the  banks  of  several  water  courses,  as  for 
example :  on  Stewarts  brook  in  the  ravine  near  the  place  where  it 
joins  HcLellans  brook  ;  lower  down  the  last  named  brook,  below  the 
^rist  mill ;  then  below  at  the  old  fulling-mill  dam,  and  again,  before  the 
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month  of  Manh  brook  ia  reMbed  thera  is  a  cnriuoBly  uontorted  arM- 
with  Bteep  dips  but  probably  witbout  actual  faulting.  A  similiAr  area  is 
npeated  lower  down  at  the  hone  shoe  sweep  near  Bl&ck's  old  mill  ^te. 
(Qeol.  Suit.  Report  Vol.  V,  (N.S.)  part  P.,  p.  107.) 

The  Fletcher  fault,  one  of  magnitude,  is  to  be  seen  exceptionally 
well  exposed  crossing  McCallochs  brook  half  a  uiile  below  the  Drum- 
mood  mine  railway  bridge ;  another  important  fault  is  indicated  by 
rertical  rocks  ouj  Blockwoods  brook  on  the  east  side  of  the  road  in 
front  of  the  New  Glasgow  boapital.  There  b  the  fault  spoken  of  on 
the  East  river  at  the  ford  below  the  asylum.  There  is  the  MoCoIlochs 
brook  fault,  estimated  at  2,600  feet  separating  the  Westville  from  tbe 
Albion  coal  district.  A  great  fault  crosses  the  Middle  river  200  yards 
below  Union  centre  bridge  &nd  separates  Millstone  Qrit  from  rocks 
of  the  Carboniferous  limestone.  Tbe  import^ce  and  age  of  these 
several  faultings  can  be  seen  by  consulting  the  map. 

In  their  assigned  positions  and  importance,  many  of  the  small  faults 
have  been  subjected  to  much  revision  since  they  were  noted  in  I S69 
(')  :  Potters  brook  fault  has  lost  its  prominence  and  direction  ; 
McLeod  fault,  west  of  tbe  East  river  has  disappeared  ;  the  Mill-road 
fault  remains  unproven  ;  tbe  Lavrson  fault  has  been  found  of  no 
importance ;  the  West  fault  has  ceased  to  separate  the  Millstone  Grit 
from  the  Coal  Measures  and  has,  at  opposite  ends,  its  position  taken  by 
members  of  two  series  of  faults  ;  those  from  the  north,  (he  Black 
Diamond  series,  are  down-throws  to  the  west,  while  those  entering 
the  coal  field  from  the  south,  the  Drummond  series,  are  down-throws 
to  the  east :  the  McCullocb  brook  fault  has  its  position  altered  and  its 
assumed  magnitude  increased.  It  has  been  found  in  the  Albion  pit 
workings  that  all  the  faults,  east  of  the  English  slope,  are  down-throws 
to  the  east,  while  those  to  the  west  have  a  drop  in  the  opposite  direc- 
tion. In  the  Vale  colliery,  further  workings  since  1893,  have  disclosed 
that  the  faults  met  as  the  north  fault  is  approached,  terminate  to  the 
westward  before  the  syncline  is  reached, 

la  a  study  of  this  field  the  relative  age  of  the  main  faultings  is  of 
importance  towards  the  determination  of  a  possible  extension  of  tbe 
area  of  the  field.  Some  faults  undoubtedly  ceased  to  operate  before  tbe 
Permian  was  entered  upon  ;  othera  again  affected  the  Permian  as  well 
as  the  Coal  Measures.  It  is  certain  that  the  portion  of  the  north 
fault  east  of  New  Glasgow  belongs  to  the  former  class,  while  it  is 
suspected  that  the  nortb-going  fault  passing  the  shafts  of  the  omabed 
mines  is  one  of  a  group  belonging  to  the  latter. 
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2.  Uneon/ormitiei : — Between  the  base  of  the  New  Glasgov  coiiglo-  CoDtacts  of 
merate  and  the  underlying  aeries,  aa  unconformable  ooalact  can  be  °'™*  °°^ 
well  seea  on  Blockwells  brook  under  the  hospital ;  and  on  McCullocha 

brook  above  the  iron  bridge  of  the  railway  to  Fictou,  the  conglomerate 
occupies  two  depresaiona  in  the  underlying  Devonian.  Contacts  of 
the  same  series  may  be  got  also  on  the  left  bank  of  the  Middle  river 
above  the  dam  at  Alma  and  on  Browns  brook  flowing  to  it  from  the 

Then  there  are  contacts  exposed  on  the  East  river  at  Riverton ;  at 
Park's  mill  fails  on  Sutherland's  river ;  others  fairly  well  shown  on 
McLeans  brook  ;  a  contact  at  the  fault  below  Union  Centre  bridge ; 
contacts  between  the  mills  in  the  pass  of  McLellans  brook  ;  contact 
of  conglomerate  on  foesiliferous  Silurian  300  yards  above  the  grist 
mill  on  the  left  bank  of  this  brook,  and  in  the  ravine  up  Stewart's 
brook.  Here  also  are  contacts  with  igneous  rocks,  and  at  the  head  of 
the  ravine  the  road  has  a  wall  of  diorite  on  the  north  side  and  rocks 
of  Carboniferous  limestone  for  its  southern  wall. 

Other  contacts  of  igneous  dykes  and  masses  are  exposed  on  the  top 
of  Blackwoods  mountain  with  Silurian  ;  and  at  Park's  mills  with 
Cambro-sUurian  strata. 

3.  Sections  of  Continuous  Series  of  Strata  ■■ — These  can  be  found  very 
generally  in  the  streams  when  the  water  is  low.  The  banks  of  the 
Middle  river  and  UcLeods  brook  show  a  Millstone  Grit  series. 
McLellans  brook  exhibits  sections  of  the  black  shales,  and  the  series 
overlying  them  of  sandstones,  oil  shales  and  thin  coal  seams,  etc.  The 
gorge  of  the  East  river  displays  cuttings  through  Lower  Carboniferous 
rocks.  The  numerous  arrows  engraved  on  the  map  indicate  where  expo- 
sures have  been  observed. 

4.  Cleavage,  etc. : — Examples  of  alteration  are  to  be  met  with  along 
the  bill  range  of  pre-carboniferous  rocks  bounding  the  south  margin  of 
the  Held ;  in  Cambro-silurian  westward  of  Park's  mills  ;  in  member^ 
of  the  Carboniferous  limestone  a  difiFerenoe  in  degree  of  alteration, 
may  be  noted  on  comparing  those  of  the  pass  ot  McLellans  brook  with 

the  series  to  the  south  grouped  with  them.  The  patch  of  brightly  red-  Syat^matic 
stained  non-fossil iferous  rockn,  where  the  Elast  river  makes  a  XJ  bend  fosaile. 
at  Riverton,  shows  distinct  cleavage  in  some  bands,  and  a  generally 
shattered  condition ;  a  contrast  to  the  overlying  gray  series  of  the 
gorge  of  Hartley's  No.  2  section,  and  to  the  Carboniferous  limestone 
rocks  np  stream.  The  diversion  of  the  river  from  the  straight  course 
of  the  ^rge  at  this  point  is  worthy  of  note. 
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Ponils. — The  Btatement  has  been  made  thAt  no  help  from  foaail 
plants  could  be  had  in  a  aearch  for  extensions  of  the  coal  field.  This 
ia  true  of  our  preaeut  knowledge,  but  it  is  not  however  safe  to  say  it 
trill  always  be  so,  and  the  making  of  collections  should  be  encouraged 
in  order  that  soundgeneralizatioQsmaybeadduced.  Inordertodothia, 
it  is  essential  that  every  care  be  exercised  to  record  correctly  the  loca- 
lity from  which  each  specimen  is  taken, 'and  also  to  note  the  ease  with 
which  speoimena  of  each  species  are  obtained,  whether  {a)  numerous, 
{b)  oommoQ,  or  (c)  rare  at  each  locality.  The  collecting  of  fine  speci- 
mens is  of  minor  importance. 

Cnnpantive        Animal  remains  are  likely  to  be  more  valuable  for  determination  of 

Tm]a«fl  of  "^ 

foMkU.  horizons,  as  the  extension  in  time  is  generally  much  shorter  in  the  life 

of  animals  than  that  of  plants,  and  their  collection  should  not  be  over- 
looked. Further,  there  may,  however,  have  been  a  greater  prevalence  iS 
certain  species  at  periods  represented  by  particular  beds;  periods 
of  luxuriance  and  periods  of  degeneracy,  long  before  extinction,  hence 
the  desirability  of  noting  the  frequency  of  occurrence. 
R^acemeni  fl.  Comparison  of  correlated  Series : — A  substitution  of  sandstone  for 
black  shale  rapidly  takes  place  in  the  beds  immediately  overlying  the 
Main  seam  to  the  westward  of  Stellarton,  and  in  the  Colin  pits,  sand- 
stone was  also  found  occupying  the  horizon  of  black  shale  at  the  adjoin- 
ing Dalhousie  pits.  The  interpKisition  of  a  bed  of  black  fire-clay  persist- 
ODtin  the  Acadia  seam  throngbout  the  WestviUe  divbion  of  the  field 
has  no  recognized  equivalent  in  the  Mainseam  of  the  Albion  division, 
evea  where  workings  approach  witJiin  half  a  mile,  and  yet  the  belief 
is  general  that  one  ia  the  continuation  of  the  other.  A  comparison  of 
sections  taken  of  the  Acadia  seam  and  associated  strata  on  the  Middle 
river  in  the  Black  Diamond,  Acadia  and  Drummond  mines  shows  great 
variation.  So  also  sections  of  the  Main  and  other  seams  taken  along 
the  outcrop  of  the  Albion  division  furnish  examples  of  replacement  of 
bituminous  shaUs  for  coal,  and  the  interposition  of  local  beds  of  cannel 
clay  ironstone  and  even  sandstone. 

6.  Distinction  of  Series  : — A  stranger  to  the  Carboniferous,  reading 
of  the  various  divisions  given  to  the  system  as  it  occurs  in  this  provin- 
ce, and  hearing  of  the  different  opinions  held  in  the  post  respecting  the 
horizon  at  certain  localities,  is  lost  io  the  seeming  hopelessness  of  ever 

CoMult :  Q.  J.  QeoL  3oo.  1903,  Vol.  lix.,  pngo  17.    By  E.  A,  N,  Arber. 

2.  Proc.  Roy.  Phy.  Soc.  E.  1893,  vol.  xii.,  pR|re  183.    By  R,  Kid«ton. 

3.  Treiu.  ¥.  Nut.  Union,  18SR.  p^rt  14,  page  ti— ibid. 

4.  Tnuis.  Roy.  Soc.  E,  11*87,  vol.  xixHi.,  page  336.  , 

5.  Tram.  luat.  JI.  E.  1903,  vol.  mv.,  pwt  8,  page  371.     By  Arber. 
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being  able  to  distingaiBh  between  the  divisionB,  so  aimiW  do  hand 
apecimene  from  some  of  the  groups  appear  to  be  on  ezammatioo. 
Foseil  botany  gires  at  present  no  help  and  where  qnestions  have  been 
raised,  reliance  caa  be  placed  only  on  the  atraiigraphj  and  on  the  physio- 
graphy of  the  districts.  The  diacoasion,  however,  has  been  of  value  Fosail  botany 
in  accentuating  the  need  of  caution  in  weighing  fossil  evidence  with-  gm^ 
out  taking  into  account  field  conditions.  Not  only  may  tha  observer 
be  at  fanlt  with  hand  specimens,  but  he  may  also  be  left  in  doubt  by 
examination  merely  of  small  localities. 

The  neighborhood  of  New  Glasgow  supplies  excellent  opportunity  to 
compare  strata  overlying  the  New  Qloagow  conglomerate  with  the  sand- 
stone and  shales  on  which  it  untxinformably  rests,  and  with  measures 
associated  with  coal  seams  on  Marsh  brook  and  beds  accompanying 
marine  limestone  south  of  the  pass  on  McLellan  brook-strata  which 
have  respectively  been  assigned  to  the  horizons  of  Fermo-carboniferous, 
Millstone  Grit,  Cool  Aleasnres  and  Carboniferous  Limestone. 

One  may  even  go  further  in  theee  comparisons  nnd  mark  the  charoc-  9^1^  ^"°' 
teristic  features  of  this  series  with  observations  on  the  Union 
beds,  in  passing  from  Truro-beds  that  have  been  classed  as  Mil- 
stone  Grit  and  even  higher.  In  this  connection,  it  may  be  well  to 
repeat  that  the  term  Millstone  Grit  is  need  in  Nova  Scotia,  not  as 
implying  belief  in  an  identity  of  age  with  measures  so-called  in  England 
but  to  define  the  series  conformably  underlying  the  Productive  Mea- 
sures of  the  province. 

Colour,  in  a  general  way  assists  in  the  determination  of  horizons  in  Ooloonot 
this  neighborhood,  but  caution  has  to  be  exercised  when  tracing 
selected  beds  or  bands  of  rocks,  as  marked  changes  occur  in  colour  and 
constituents  within  comparatively  short  distances ;  changes  that  imply 
local  conditions  of  deposition,  limited  in  area  ;  changes  that  suggest  a 
narrowness  to  the  coal  field  at  its  inception  and  that  the  extra  thick- 
ness of  the  seams  of  Pictou  and  their  individual  charaoteristios  owe 
much  to  a  shelter  from  the  open  sea  to  the  north,  given  at  the  time  of 
deposition  by  the  older  rocks  of  Waters  hill.  The  want  of  similarity 
in  the  Acadia  seam-thick,  with  black  and  gray  measures  where  worked 
at  Westville-thio,  with  fireclay  substitutes  and  reddened  sandstones  on 
Middle  river,  misled  observers  for  a  time  as  to  the  structure  of  that 
portion  of  the  field. 

Then  the  lowest  iaterbedded  sandstones  and  shales  of  the  New 
Glasgow  conglomerate,  made  ap  of  the  waste  from  its  basal  rocks  are 
often  very  red,  while  one  of  its  immediately  overlying  sandstones  is  ex- 
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Mptional  in  weatliering  quite  white,  with  gUateoinggruna  tmencroBted 
bj  iron  oxide. 
Liineatane  Cb&nctemtic  in  the  BAndstoae  series  fonninK  the  b»se  of  the  New 

Qlasgow  conglomerate  are  bands  composed  of  an  agglomerate  of  impure 
limestone,  stained  very  dark,  poesibl;  b;  maoganeae.  The;  occur  at 
two  or  three  places  in  the  narrow  ezpoaure  on  Blackwood  brook  and 
to  the  eastward  along  the  same  line  of  strike,  even  past  Merigonish, 
bnt  the;  are  not  known  in  the  series  classed  as  Millstone  Grit,  north 
of  Union  centre  bridge  on  the  Middle  river  nor  under  the  Productive 
Coal  Mesures  of  the  East  river ;  while  they  are  known  in  the  lower 
Millstone  Orit  of  the  Joggins  eeotion,  at  Cape  Meringouin  and  toward 
Cape  Enrag^  in  New  Brunswick. 

GEOLOaiCAL   SveTEKs  Kkpresbkted. 

RepreaentatiTee  of  tbe  following  syitems,  given  in  ascending  order, 
are  found  within  the  region  depicted  on  the  accompanying  map  -. 

1.  Cambro-siluriaD. 

2.  Silurian. 

3.  Devonian. 

4.  Carboniferous  Conglomerate    |  _ 

5.  Carboniferous  Limestone.        )  ^"^  Carboniferous. 

6.  Millstone  Grit. 

7.  Coal  Measures. 
S.  Permian. 

9.  Igneous  intrusiooa  in  depoeits  of  several  ages. 

10.  Pleistocene. 

River fklla.  Camhro-SUurian  : — 'The    rocks  first    seen   on    Sutherlands   river, 

under  tbe  Carboniferous  of  the  Pictou  Coal  field,  belong  to  this  group. 
Greenish  flinty  argillites  or  strata  mixed  with  dark  green  trap  in  the 
gorge  with  a  succession  of  fine  falls  at  Park's  mills  where  the  cliSs  rise 
to  the  height  of  50  feet,  marking  the  passage  of  the  river  over  the  con- 
tact of  the  two  groups  of  strata  above  the  bridge,  large  outcrops  of  dark 
and  light  green  traps  and  reddish  gray  hematite,  fiinty  compact  felsite, 
quartz  felsite  and  red  soft  argillite  in  shaly  layers  are  succeeded  by 
fine,  massive,  jointed,  reddish-gray  conglomerate  and  grit  of  this  age. 
These  continue  to  the  bridge  on  the  St.  Mary  road,  where  they  are  over- 
laid by  Medina  and  higher  Silurian  strata  remarkable  rich  in  fossils.' 
This  description  by  Mr.  Fletcher  is  from  the  Geolt^cal  Survey  Report^ 
16S6  part  P.,  p,  33  aLd  reference  to  the  tame   locality  wit)  be  fonnd 
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in  the  Irena.  of  the  N.  S.  Inat.  o(  Sc,  Vol.  Ill  p.  69  uid  Vol.  IV  p. 
463.  Notice  of  other  espoaures  in  the  neighborhood  ia  given  in  the 
QeoL  Survey  Report  1889-91,  pp.  8  and  9,  while  the  map  makes  it 
clear  vhere  igneoas  intrasians  among  these  and  Silurian  strata  skirting 
tJie  southern  boundary  of  the  coal  field  may  easily  be  examined.  No 
fooails  have  as  yet  been  found  in  these  rooks. 

Silurian. — Among  the  older  rocks  forming  the  aouthom  rim  of  the  Prospectors 
«oal  field  those  of  the  Silurian  age  have  exceptional  interest  for  the  "^  ^ 
prospector,  as  their  black  beds  on  McLellan  brook  have  been  suffioi- 
'ently  deceptive  to  induce  exploration  for  coal.  The  student  will  4nd 
the  pass  of  UcLellan  brook  a  very  convenient  locality  for  comparing 
lithologically  the  strata  of  the  Coal  Measures,  among  which  workable 
seams  do  in  some  places  occur,  with  beds  which  have  some  similarity- 
of  appearance  and  yet  in  which  search  for  coal  is  hopeless. 

True  black  shales  of  the  Coal  Measures  are  well  exposed  on  UcLel- 
lan brook  below  the  grist  mill,  while  at  the  head  of  the  mill  dam  on 
the  left  bank  of  the  stream  a  patch  of  Silurian  gray  shale  carrying 
fossils  is  seen  in  contact  underlying  a  coarse  conglomerate  of  Carbon- 
iferous age. 

Other  Silurian  strata,  also  foseiliferous,  which  might  be  at  the  first  Siluriiu] 
glance  mistaken  for  the  red  beds  so  generally  associated  with  the  lime-  ' 
stones  of  the  Lower  Carboniferous,  can  be  examined  on  the  south  side 
of  the  &T»t  bridge  above  the  dam  on  the  south  branch  or  Stewarts 
brook  ;  and  for  comparison  with  them  rocks  of  the  Lower  Carbonifer. 
ons  can  be  seen  at  the  second  bridge,  a  quarter  of  a  mile  higher  up.  A 
short  distance  further  up-stream  the  deceptive  black  beds  can  be  sto- 
-died  on  the  north  side  of  the  road.  Placed  side,  by  side  the  difference 
jn  the  character  of  the  black  shaley  fragments  of  the  Coal  Measures 
■and  the  black  slatey  pieces  of  Siluiian  deposits  will  easily  be  apparent, 
while  the  former  is  generally  softer  with  an  irregularly  broken  edge, 
the  latter  is  firmer,  with  more  of  an  knif&edge  fracture. 

Devonian. — In  beds  containing  plant  remains,  of  a  later  age  than 
Silurian,  and  therefore  more  likely  to  attract  coal  prospectors,  the  mis- 
take has  also  been  made  of  assuming  that  a  black  color  in  argillaceous 
strata  indicates  a  possible  association  with  coal,  but  the  facility  with 
which  beds  of  Silurian  age  may  be  recognized,  apart  from  those  of  the 

Trans.  N.S.  Instil.  Sc.  Vol.  Ill,  p.  69.  VoL  IV,  p.  46S. 

Geol.  Lurv.  Rep.  1886,  pan  P.  p.  26  Medina,  p.  43 ;  Upper  Clinton,  p.  46-  Lover 
Lower  Hilderberg,  p.  43. 

0«)L  Surv.  Hep.  1893,  part  r.   Medina,  p.   11 ;  fppar  Clinton,  p.  12 ;  Lower 
Silderberg,  p.  Ifi. 
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Cuboniferons,  does  not  extend  to  tbe  distinguiahmg  of  beds  of  Upper 
DevoQtRn  from  Lower  C&rboaiferons  rocks.  For  the  present,  there  is  at 
least  a  diversity  of  opinion  among  reoognized  geologists  &nd  palseontolo- 
giats  respecting  the  horizons  of  cert&in  series  of  these  disputed  measures 
it)  Nova  Scoti&i  but  so  far  as  the  immediate  neighborhood  under  review 
is  concerned  there  can  be  no  doubt  that  the  series  shown  on  the 
map  as  Devonian  at  Fishpools,  at  Elast  river,  and  at  Alma  on  the 
Middle  river,  do  not  belong  to  tbe  I/>wer  Carbooiferotts.  The  contro- 
verted gronnd  lies  to  the  southward  and  westward  of  the  coal  field. 
Much  has  been  writteu  on  the  issue  and  the  dispute  appeared  serious 
owing  to  the  miseoac«ptions  of  participants  who  had  scantor  no  know- 
ledge of  the  local  stratigraphy.  For  those  who  may  be  disposed  to  look 
up  tbe  subject,  a  guide  will  be  found  in  the  papers  of  Fletcher,  Ells 
and  Ami  ia  the  Transactiona  of  the  Kova  Scotia  Institute  of  Science 
and  the  Ottawa  Naturalist. 

These  papers  may  be  supplemented  by  the  suggestive  discussion 
elsewhere  in  articles  of  Matthew,  White  and  Whiteaves. 

Exposures  of  Devonian  with  characteristic  fossils,  FsUophytoa  and 
Pinnularia,  are  well  seen  at  the  dam  of  the  Alma  axe  factory,  at  tbe 
mouth  of  Browns  brook,  also  east  of  Middle  river  in  the  banks  and 
bed  of  McCnllochs  brook,  as  far  as  Waters  hill.  At  these  localities 
tbe  unconformable  contact  of  tbe  New  Glasgow  conglomerate  appean 
capping  or  occupying  depressions  of  the  Devonian  within  ancient  ra- 
vines, which  may  have  been  produced  by  north  and  south  upthrow 
faults  to  the  east. 

Lvroer  Carboniferwu.^-Btaal  conglomerates,  probably  of  this  age 
occur  at  several  places  on  tbe  south  margin  of  tbe  field.  On  Suther- 
lands  river  below  the  picturesque  falls  at  Parks  mills  are  conglome. 
rates  which  were  thought  might  belong  to  tbe  lowest  series.  Some  of 
them  at  least  do  not  as  they  contain  pebbles  of  the  Carboniferous  lime- 
stone, and  these  must  be  at  or  near  the  base  of  the  Millstone  Grit.  A 
little  lower  down  at  the  junction  of  McLeans  brook  with  the  river 
a  heavy  conglomerate  contains  numerous  pebbles  of  hematite,  some 
even  6  inches  in  diameter,  and  this  also  may  be  of  the  later  age  since 
a  fault  has  been  detected,  as  shown,  between  it  and  the  gypsum  lime- 
stone series  higher  up  the  brook. 

On  McGregors  mountun  there  is  conglomerate  in  contact  with 
Silurian  and  the  basaltic  trap.  It  is  cemented  by  volcanic  ash  and 
may  be  of  the  basal  series.     To  this  series  also  may  belong,  the  con- 
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glomerate  reetiog  on.  Silurian  rocks  at  the  head  of  the  grist  mill  dam 
mi  SIcLelUn  brook.' 

AloDg  this  range  of  hille  and  the  oonntry  to  the  south  there  is  a 
wide  expanse  of  sucoeeJing  strata  much  shattered.  These  in  torn  are 
overlaid  by  Bandatonee,  reddish  sbalee  and  marls  with  greenish  blotches, 
but  the  massive  limestones  and  gypsums  on  the  East  river  rest  directly 
OD  Silurian  strata  without  inlermedUry  conglomerates.  The  bright  red 
beds  of  shale  and  marl  ocourriag  here  with  the  Carboniferous  limestone 
are  very  characteristic  of  this  series  all  along  the  faill  region  of  eastern 
America,  southward  into  Yirginio. 

MiUalone  Grit. — The  rocks  of  this  age  succeed  unconformable  the  Sucoewion 
Carboniferous  limestone  series,  and  immediately  underlie,  without  a 
distinct  separation  those  which  are  classed  as  the  productive  Coal 
Measures.  They  have  yielded  a^  yet  no  coal  seam  of  value.  On  the 
Geological  map  of  1866-9  there  is  a  demarcation  by  faulting  which  later 
re-examination  has  failed  to  confirm.  Here,  as  in  Cumberland  and 
Cape  Breton  counties,  no  unconformity  has  been  detected  separating 
these  two  series  of  rocks  and  the  line  selected  is  consequently  an  arbi- 
trary one,  chosen  largely  for  convenience.  As  there  has  been  some  late 
criticism  on  the  use  of  the  above  terms,  adopted  from  the  nomenclature 
of  Qreat  Britain,  it  may  be  instructive  to  mention  that  they  are  used 
in  Nova  Scotia  to  mark  relative  positions  on  atratigraphic  ground, 
regardless  as  to  whether  the  strata  are  homotaxia)  or  not  with  thoee  of 
Europe.  As  a  further  guard  against  a  growing  misconception,  it  seems 
also  well  to  mention  that  the  term  "  Productive  "  does  not  embrace  all 
strata  in  which  seams  of  coal  may  be  found  ;  the  matter  of  thickness  of 
deposits  and  quality  of  coal  seams  are  entirely  outside  that  of  horiion 
and  are  determined  by  local  conditions.* 

A  comparison  of  the  map  of  1869  with  the  current  issue  shows  some  Chaugeefrom 
changes  of  view   have  occurred  since  the  first  map  was  issued  and  for  ises^^*' 
these,  explanations  may  be  found  in  Mr.  Fletcher's  Report  of  the  Geol. 
Survey  for  1890-91,  Vol.  V,  part  P.,  p.  102 ;  and  in  the  Trans.  N.  8. 
Inst.  So.,  Vol.  I,  Ser.  2,  p.  261-272,  by  the  writer.f 

*  Co*]  Kama  of  workable  size  uid  qualitr  u«  not  confined  to  the  CarbnnifeiouB 
measuns.  In  parta  of  Europe  the  Tertiary  jieldB  lignite;  in  the  North-west  Ter- 
ritoriee  and  Britiah  ColumbU  eic»llent  ooal  is  got  in  Cretaceous  strata ;  the  Newark 
beds  of  the  enatem  seaboard  oonCain  woriuble  aeami  and  valuable  beds  are  mined  in 
^he  MillBtone  Grit  of  Great  Britain. 

tAnnual  Report  Gaol.  Snrv.,  VoL  V,  (N.S.)  1890-91,  pp.  7-1-86. 

GeoL  Surv.  Kep.  1860.9,  pp.  70,  76. 

Acad  GeoL,  p.  280  :  Sup.  p.  U. 

Thuib.  N.  S.  Ihbl  So.  HoDDpyman,  Vol.  V.,  p.  218 ;  Gilpin,  Vol.  IV,  p.  138. 
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Strata  here  distinguished  as  Slillstone  Orit  may  be  separated  ioto 
two  groups :  first,  those  directlj  and  in  place  underlying  Coal  Measures  ; 
and  secondly,  the  mass  of  roclce  east  of  New  Glasgow  and  separated  by 
faults  from  the  eastern  end  of  the  coal  basin. 

Of  the  relative  horizon  of  the  former,  there  can  be  no  doubt ;  they 
are  in  series  below  the  Coal  Measures  on  the  East  and  Middle  rirera, 
and  aie  in  part  described  in  Hartley's  'number  1  section  on  MoLeods 
brook,  p.  60.  The  full  section  on  the  Middle  river  has  yet  to  be 
measured.  They  are  to  be  distinguished  from  the  second  group,  the  - 
mass  of  Pine  tree,  by  an  entire  ahaeace  of  caloareona  beds  ;  they  are 
alao  generally  brighter  in  colonr,  although  both  are  more  or  less  stained 
by  iron  oxide  ;  the  discoloration  of  the  later,  though  not  uniform,  is 
greater  and  brighter  in  some  of  its  lower  members  and  leas  so  in  the 
npper  beds.  The  second,  while  isolated  by  faults  to  the  south,  is  found 
near  Kew  Glasgow  in  unconformable  contact  with  the  basal  conglome- 
r«te  of  the  Permian  and  it  contains  the  beds  of  calcareous  agglome- 
rate stained  by  irOQ  or  manganeee  oxide,  described  by  Xiogan  on  p.  9  o* 
his  report  as  black  bastard  limestone. 

Coal  Maaiuret, — Workable  seams  so  far  discovered  in  this  field  have 
been  wholly  confined  to  strata  classed  as  Productive  Coal  Measures. 
Coat  seams  found  at  other  horizons  are  always  inferior ;  generally  they 
are  coarse  and  thin,  include  layers  of  Btone,  or  are  irregular  in  thick- 
ness, and  in  faulty  ground  are  limited  in  extent.  In  fact,  much  of  the 
Coal  Measures  proper,  is  barren  and  disappointing;  or  what  is  even 
worse,  when  a  seam  is  found  it  may  have  some  of  the  weaknesses  of 
the  other  strata,  or  fail  to  be  persistent  over  much  territory.  To  the 
honest  prospector  and  adventurer  the  experience  gained  by  the  operator 
in  this  field  is  instructive,  for  the  hope  of  the  sanguine  explorer  is 
often  based  on  the  common  belief  that  coal  seams  have  a  habit  of 
improving  with  depth  from  the  surtace.  While  this  is  true  regarding 
the  very  outcropping  within  the  range  of  drainage  and  weathering 
it  stops  there  Euid  ultimate  success  depends  entirely  on  the  starting 
points  of  the  explorations,  e.g.,  the  Acadia  aeam,  thick  and  excellent  at 
Westville,  is  split  up  and  unworkable  at  the  Middle  river,  and  on 
Browns  brook  is  represented  only  by  some  black  shale  along  the  crop. 
On  the  dip  along  the  Black  Diamond  planeways,  it  is  good  above,  but 
deteriorated  and  Anally  unworkable  in  depth.  The  crop  of  the  Albion 
main  seam,  at  Dalhousie  is  3S  feet  in  thickness,  nearly  all  good  coal,  but 
much  of  it  becomes  coarse  at  the  intervale,  and  at  the  Pictou  pit  across 
the  river,  black  shales  replace  all  but  18  inches  of  coal.  To  the  "deep  ' 
on  the  seam,  the  Dalhouaie  pit  north  levels  met  with  inferior  gray  coal. 
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Further  illustratiooa  of  deteriorstion  ia  depth  could  be  cited,  and  other  Mouer 
reasons  assigned  for  districts  of  good  and  bad  coal  occurring  in  the  same  p^pect^. 
seam.  The  student  might  ooostder  what  was  the  area  of  the  original 
deposit  ftod  the  probable  relation  of  the  shores  and  drainage  of  the 
period.  Few  realize  how  large  ia  the  aggregate  have  been  the  sums 
frittered  away  by  enthusiaetio  searchers  for  coal  in  unlikely  places, 
and  how  small  have  been  the  chances  of  accidentally  discovering 
Tolnable  deposits  much  outside  the  limits  of  the  field  assumed  by  the 
officers  of  the  G«ological  Surrey. 


0/the  Productive  Coal  Metuuret. 

An  almost  oonlinnons  section  of  the  ooal  measures  may  be  obtsined 
on  MoLelUna  Ivook,  and  some  duplications  of  the  same  horizons,  but 
showing  variations  in  the  tblokness  of  the  strata  and  nature  of  the 
deposits,  in  other  portions  of  the  field. 

The  sinking  of  the  Marsh  pit,  248  feet  deep,  cut  the  highest  known  M«nh  pit 
beds,  details  of  which  are  given  by  Logan  od  page  17  of  his  66  69  report, 
and  the  fdlowiug  is  an  abstract,  in  de.icending  order  ; 

DivisiOH  A. 

Fl  In.  Ft.  In. 

Strata  anknown. 14800        

Dkrk  Rray  clAjey  shale  Bad  fireclay 6200        

Coal—Captain  Be&m S'OO 

Fireclay  and  Bbale  with  4  feet  of  wnditone  .     ..      21'1  

Ooal— inferior IS 

Gray  ihaU,  etc 1010        

Coal 0-3 

Graysbale,  13'S;BandBtone,  43;  Bhale,8 64-S         

Ooal-Miilraoe  «e«iu 31 

Fireclay,  18  ;  sandstone,  34 ;  Bhale  13 OS'6  

Coftl-Geo.  McKay  Be«m 8-9 

349* 10  19-9 

Logan's  section,  Division  B,  gives  the  measurements  of  succeeding  Marsh  brook, 
strata  seen  down  Marsh  brook.  This  was  duplicated  by  a  borehole, 
from  the  bottom  of  the  McLeod  pit,  on  the  Qeo.  McKay  seam,  1900 
feetweat  of  Marsh  pit.  It  ia  here  given  in  abstract,  but  it  was  shown 
in  detail  in  the  paper  on  the  Fiotou  Coal  Field,  page  333,  Trans.  N.S. 
Inatit.  Sc.,  Vol.  X,  1893. 
14— «— 2J 


ib.  Google 


20   M  NOVA   BCOTIA 

MoLaod  pit         ^*  borehole  record,  it  will  be  seen,  kgreee  fairly  well  with  the  brook 
■ect>°°-  mMBQrements  of  Logui  half  a  mile  away.     It  is  as  follows  : — 

Feet. 

GnyGrecIay 30 

Gray  arenaceoua  beda S9'6 

DM-kahalM 8« 

Gn>y  luidtbirnei ID'O 

ShklM MO 

BUckihalea 3-0 

SoftfirecUy 10 

SuditoDe ttO 

abilet  ind  laady  ilwlea  with  Uack  Mleamnu  partingi  (nil  of 

■beUi  ud  fiah  ramsiiu BOO 

Grsj  calcmreoiu  chalei 14'4 

BiMkilulo 10 

Fireday 2-6 

Olaycy  iiuicUtoiie  6'  ihjiles  19' 100 

9-3 


.13-8 


Coal  10  inebea  Mur. 

FirecUy 3'8 

Shalen  chiefly  undy.  with  oo«l  itreftlu  ukd  vein* 

ofcalciM  W7 

Gnynlikle 80 

Black  oil  ihals  with  fiih  remaiiu 

Fireclay 108 

Shales 230 

Black  oil  ihale  with  idanta 

Fireclay I'O 

Shales  with  ironiemiH 097 

Shaltn.  aoine  black  with  8>b  remaiiu  640 

<iray  ahalea 19'0 

Saadrtoae  3  teet,  ihale  with  ironetone  6  feet... ..  8'2 

Bkck  shaln 3  0 

Shalee,  gray.  3}  fret,  black  with  plants  30  teet. . .  S3 '  fl 
Shalee    eoine    black,    brown    atreak,    contaioing 

plants  anit  Reh 63*4 

Oil  Hbale,  black  oompact  with  flih  remainB  (the 

cannel  baad  of  Logao) 

Shale  3  feet,  dlDdstoue  4  feet,  shale  2  feet SO 

Sandstone,  hard  white  aod  qaan7  stone 30*0 

Shale,  onal  I  inch.planta  sheUa  and  fish  remains.  988 

Sanditone 68*4 

Dark  fosailiferoiu  shale  ;  oil  shale,  black  and  com- 
pact, ■  4fnetS  inches  band 30'8 

Blue  shale  with  lowiU 20*0 

Block  oil  shale  with  brawn  streak 10*0 

Foasiliferous  shale,  some  black 37*1 

Sandstone,  and  sandy  shale IS'O 

Purplish  shale  with  nodules  and  red  marks 16*6 

Rusty  sandstone 0:1 

Dark  shales  with  fossils 43  '3 
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Feet.  Feet. 

Coal OB 

ShfclBB 307 

Coal.  Widow  ChiBbolm  ae»m OH 

Total  of  Divuion  B  to  thii  point 12360        

Borehole  No.   3  of   1878,  gave  the  following  additions  below  the 
Widow  Chieholm  seam. 

Shale  16  feet,  undetone  34  feet  2  inche*,  afaale  3  feet  2  iochai,  103  ft,  4  in. 

Coal 10 

Fireclay 0  1        

This  portion  is  well  seen  in  McLellana  brook,  Logan  p.  19,  and  the  shile  brook 
sandstone  bed  haa  been  quarried  on  the  brook  and  on  the  Vale  rail-  ■^*><>°' 
way  where  the  oatcrop  is  deflected  westwardly.  The  next  most  pro- 
minent featnre  to  underlie  the  sandstone  ia  a  compact  band  of  block 
shale  at  the  month  of  Shale  brook.  It  is  one  of  the  several  thick  oan- 
nel  like  seams  which  give  a  brown  streak  and  yield  oil  on  being  dis- 
tilled.    The  following  is  the  seotion  at  Shale  brook  : 

Feet.         Feet 

YdlowiabdtBbBBDdatone 200        

Blaok  shalee  with  iroiistoQB  balls  uid  Qredaj' 200        

Here  at   Stale  bn»k,  compact  eannel  breaking 

into  cuboidal  blocks. G'O 

Pnrpliih  saadstone  (6  feet  abalee  aad  fireol^) 52'0        

Yellowi«ti  sandstonee 89'0        

Sbalee  with  a  black  oompact  band 70  4'S 

Yellowisb  Bandstonea  with  a  2  inchee  band  of  day- 

tronilone 1830        

Compact  black  csnnel-Iike  bed 29'0 

Underclay  and  ooal 30  O'S 

YeUowiab  sandstone COO        

Gray  ebale  with  upright  plante 6'8        

Sandstone,  some  ahaley  and  flaggy 770        

This  division  B  of  Logan  terminates  at  Black's  old  mill-site,  where  a  Black's  mill 
fault  has  been  suspected  to  separate  the  overlying  strata,  some  3,068  "'*"- 
feet  thick,  from  the  mass  of  shales  which  underlie  the  sandstones  from 
this  site  down  McLellans  brook  to  the  East  river.  A  checking  of  the 
measurements  in  1893  made  the  moss  of  shales  overlying  the  Main  seam 
up  to  the  mill  site  1,520  feet,  inclusive  of  the  1,128  feet  of  shales  lying 
between  the  three-and-a-half  feet  seam  and  the  Main  seam  according 
to  Hartley,  page  67,  making  a  total  of  some  3,i)00  feet  of  strata  over 
the  Mun  seam.  Continuing  the  consideration  of  the  section  of  strata 
to  the  east  of  the  East  river,  the  diamond  borehole  HSo.  It  of  1878, 

•Poole,  p.  327.  tPooIe,  p.  SOB. 
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pat  doim  1,300  f«et  da«  south  ot  the  sonth  comer  of  the  Alhioo  1 
sqaare  miles  oraa,  atrnok  the  Maia  seam,  with  shale  partings  and  greatly 
reduced  in  thickness,  at  635  feet.  The  supposed  equivalent  (rf  the 
Deep  seam  in  31  feet  of  shales  beginning  160  feet  lower  and  of  the 
other  nnder  seams  is  unrecognizable  dark  shales  without  coaL  It 
reached  the  first  bed  of  sandatane  at  307  feet  below  the  Main  seam 
correlating  the  first  sandstones  in  the  Albion  section  just  below  the 
Third  seam  and  cut  no  more  coat  to  the  bottom  of  the  hole  at  a  depth 
of  1,337  feet.*  These  measurements  give  a  total  tbickneas  east  of  the 
river  to  the  coal  and  shales  without  an;  sandstones  of  some  1,830  feet. 
No  approzimatioa  of  the  thickness  of  conformable  measures  below  the 
coal  series  east  of  the  river  has  been  made.  The  earlier  explorations  and 
those  of  1876  gave  no  encouragement  to  examine  them  fyrtber,  the 
probability  being  that  the  strata  are  less  and  less  bituminous  as  they 
approach  the  margin  of  the  field  along  Weavers  or  McGregors  mountain. 

Logans  report,  describes  the  neighborhood  ot  the  fulling  and  grist 
mills  on  McLellans  brook,  where  no  further  discoveries  have  been  made, 
and  the  small  seam  there  has  not  been  reopened  Some  further  expo- 
surest  were  made  of  the  Oeorge  McKay  and  other  small  seams  a  mile 
and  more  east  of  the  brook  on  the  land  of  A.  McLean,  without  disco- 
veries of  moment.  The  seams  there  were  found  to  be  as  high  in  aah  as  18 
and  21  per  cent.  So  of  the  little  denultory  work  to  the  south  on  the 
Mountain  seam  which  underlies  them  and  which  is  the  weetwardly 
extension  of  the  Sis  Feet  seam  now  extensively  worked  at  the  Tale 
colliery.  South  of  McLeans  house  and  eastward  of  the  water  oourse 
under  the  highway,  the  outcrop  of  the  mountain  seam  is  cut  off  by 
the  boundary  faulting  and  the  overlying  seams  are  hidden  under  heavy 
deposits  of  drift  To  the  east  of  the  Vale  area  the  new  map  shows 
all  that  is  known  or  suspected  of  the  structure,  and  folding  and  cnish- 
ings  along  faults  have  apparently  cut  off  an  extension  of  the  field 
in  that  direction.  On  the  northeast  edge  of  the  same  area,  among 
what  appear  to  be  the  laterals  of  the  great  north  fault,  trial  pits  have 
shown  ooai,  but  in  no  case  to  change  the  form  assumed  by  Logan  for 
the  field  at  that  part. 

The  northern  rim  of  the  field  east  of  the  East  river  remains  without 
further  development  than  the  map  indicates,  and  later  openings  tm 
the  coal  seams  were  disappointing  as  to  workable  beds.  I  The  district 
evidently  is  much  disturbed,  and  the  thickness  of  the  seams  variable, 

'Logui,  p.  19. 
t  Foole,  p.  338. 
%  LogsQ'i  Report,  1869,  p.  44. 
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bat  of  the  general  strncture,  an  idea  has  been  formed  that  the  George 
McKay  and  the  Froaer  Adit  coals  on  the  Merigomish  road  are  the 
same  seam,  and  tbat  the  dotted  tines  on  the  map  south  of  the 
latter  represent  the  possible  extension  of  the  heavj  bed  of  sandstone 
crossed  by  McLellans  brook  at  Widow  Chisholms.  The  contact  there  of 
the  series  of  sandstones  overlying  a  series  of  black  shales  at  Black's  m  ill 
site  agrees  with  an  exposure  under  the  seam  at  Connollys  pond, 
but  the  coals  are  not  as  much  developed. 

At  the  New  Ulasgow  brickyard,  the  Bichardaon  seam,  less  than  three  Richudson 
feet  thick,  was  worked  in  a  small  way,  but  the  Stewart  seam  baa  not  "^am. 
been  reopened.  On  the  webt«rn  side  of  New  Olasgow,  about  the  athletic 
groundsbetween  the  river  and  Halibnrtona  pit,  some  new  trial  pita  failed 
to  throw  additional  light  on  the  stmctare  and  the  extent  of  the  faults 
which  disturb  it.  Followed  westwardly  along  the  north  margin  of 
the  field  some  trial  pits  near  Oggs  quarry,  gave  the  information  added 
on  the  present  map  which  indicates  a  broad  region  of  disturbance  and 
serions  interference  with  economic  working  of  the  contain  ed  coal  Beams 

Difficulty  has  been  experienced  in  reconciling  the  undisturbed  sec- 
tion on  Ucl^ellans  brook  with  the  structure  across  the  river  on  the 
left  bank,  where  at  Calders  (H.  Foola  1863)  the  change  from  shales  to 
sandstone  is  reversed  and  the  former  are  overlying  the  sandstone 
series.  It  is  surmised  that  the  series  at  Calders  may  be  the  equiva- 
lents of  the  beds  of  the  Albion  section  overlying  those  which  extend 
from  the  Colin  pita  westward  to  McCulloch  brook. 

SuUarUm  or  Albion  Section Occupying  the  centre  of  the  field,  this  Albion  sec- 
section  ia  crossed  by  the  East  river  with  the  working  pits  on  the  left  '""' 
bank.  Here  the  first  discovery  of  coal  was  made  on  what  is  known  as 
the  Deep  seam  cropping  out  on  the  brook  a  little  above  where  the  Slain 
was  deeply  burnt  in  the  unknown  past  to  a  distance  of  1,000  and  500 
feet  along  the  crop  on  either  side  of  Coal  brook.  After  that  to  prospect 
the  strata  down  the  brook  a  costeaning  trench  was  dug  and  timbered 
which  gave  the  section  of  measures  published  in  Haliburton's  History 
of  1829. 

The  position  of  the  Main  seam  in  McLellans  brook,  section  B,  givea 
the  relation  of  this  section  to  the  eastern  portion  of  the  field  ;  and 
the  continuation  of  the  main  aeam  beyond  the  McCulloch  fault,  is 
assumed  to  be  the  Acadia  seam  of  the  western  or  Westville  section. 

Hartley's  section  i,  p,  67  gives  1,1:^8  feet  of  strata  above  the  Main 
seam  and  in  all  3,463  feet,  down  to  McAdams'  cut  on  the  railway 
between  Stellarton  and  Westville.     Taking  this  section  as  a  standard 
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very  decided  vEtrianta  from  it  were  found  in  the  Mveral  pit  workings ; 
ia  the  Foord,  Cafte,  KcQregor  nud  Fleming  ah&fw,  and  in  the  stone 
drifta  (see  Poole,  pp.  296-304.) 

The  differences  in  the  thicknt«s  of  the  Beveral  setms  ia  variona  parts 
of  the  workings  hare  been  referred  to,  and  mention  has  been  made  of  the 
MaJD  seam  with  9  feet  of  coarse  coal  near  McCullochs  brook  ;  38  feet, 
nearly  all  good  coal  at  Dalhoasie ;  and  2  feet  only,  at  the  Fictou  pit 
on  the  further  side  of  East  river.  Then  the  Deep  seam  with  partings 
is  10  feet  5  in.,  reduced  to  22  feet  at  the  Cage  pit ;  fifteen  feet  9 
ia.,  at  the  store  pits,  aad  represented  by  black  shales  only  in  the 
Fictou  pit  neighborhood.  The  McGregor  changes  similarly  along  the 
crop ;  thickening  also  to  the  deep  from  15  feet  at  the  outcrop  to  17 
feet  3  in.,  a  quarter  of  a  mile  down  the  slope  and  to  nearly  20  feet 
in  total  thickbese  at  the  axis  of  the  syncline,  a  mile  northward  of  its 
oatcrop. 

In  abetract  the  Stellarton  section  varies  from  the  following : 
Ft.  In.    Ft.  In. 

KUiDBc^m 38-0 

HeaHurM 148 '0 

DeepKam , 40'B 

Meaaure* 106 '  6 


Thitdsesm ll-fl       1130 

MeMures to    270 

Purvis  nemm S'O        ISO'O 

Hi»ur«i to  109  0 

Fleining'a HMin BO 

Pvtitlg to      56 

Mdiregor H  10 

MeMUim to  211 '0 

Slelliirtoimil  coal,  Ftc 60 

Hartley's  No.  4  section  reports  the  bloom  of  other  coal  seams  under- 
lying the  oil  coal  that  was  worked  about  1360.(1)  These  lower  seams 
have  not  been  tested  snd  it  is  possible  that  while  their  outcrops  promise 
little  or  nothing,  they  may  in  sympathy  with  the  McGregor's  seam 
improve  to  the  northward  within  a  limited  Hree,  about  the  syncline. 

H«  VaU  or  MeBean  aitd  St.  Lawrenee  Section  of  Logan  : — Occupies 
the  extreme  eastern  division  of  the  field  on  the  upheave  of  Diviaioa 
A  and  next  underlying  strata,  so  modified  in  this  district  hb  to  be  unre- 
cognizable as  of  the  stune  horizon  as  that  of  MsLellana  brook  rocks.  Over 
it  the  upper  waters  of  Marsh  brook  flow  northeasterly  until  they  are 
deflected  at  the  north  fault,  and  then  they  follow  approximately  the 

(1)  Poole,  p.  29S-Uuttey  p.  76. 
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fork  of  the  synolinal  of  the  underlying  strata  which  hu  aa  iDcIination 
in  the  same  direction,  while  the  strata  on  the  right  dip' more  and  more 
steeply  as  the  hill  range  is  approached. 

Faulte,  somewhat  parallel  to  the  great  north  fault,  come  away  from 
the  east  but  are  not  known  to  extend  beyond  the  axis  of  the  eyncHne. 
They  arq  all  upthrowa  to  the  north-east,  and  the  I^wson  fault  of  Logan 
is  limited  in  the  same  way.  The  views  of  Logan,  respecting  some 
of  the  structare  hereabouts  hace  been  partly  modified  by  subse- 
quent workings,  and  the  section  at  the  Vale  colliery  is  somewhat  as 
follows : 

Ft.  In.    Ft.  In. 

The  G.  McKay  four  feet  seam  witii  good  coal 

Strkt* 100*0 

Coal,  2  boDds  of  oil  shale  aad  strata G07'0 

Coal,  the  tix  feet  eeam 

Strata 700-0 

Coal,  the  UcBeao  seam 

Strata 970 

Coal 

Strata,  termiiutiiig  in  black  ahalea   3040 

A  contiauation  of  the  aeotinn  is  griven  in  Lofcan's  No.  B  section  p.  3T,  on  McLeaiui 
brook  and  the  chan^rcH  are  noted  by  Poole  p.  335, 

Wetlville  Diviiion  : — Sharply  separated  from  the  Albion  district  by  Weatnlle. 
the  McGuUoch  fault  proved  at  the  railway  bridge  crossing  the  brook 
of  that  name,  its  measures  have  but  a  very  general  resemblance  to 
those  of  the  latter,  in  the  group  of  seams  underlying  a  great  thickness 
of  barren  strata.  In  detail  there  is  little  similarity,  for  the  nature 
of  the  beds  changes  with  the  locality,  as  already  commented  on. 
Deterioration  in  the  quality  of  the  seams  along  the  crops  occur?  in  both 
directions  from  the  centre  of  the  section  in  the  parte  where  they  are 
-disturbed  by  faulting  paralleling  the  principal  dislocations.  The  lower 
seams  deteriorate  sooner  than  the  upper,  and  it  is  supposed  that  the 
original  lagoon  of  deposition  was  narrow  and  confined  between  the 
old  rocks  of  Waters  hill  and  those  to  the  south.  In  its  western  exten- 
sion it  was  probably  also  very  limited. 

On  the  map  of  1669  a  small  seam  is  shown  overlying  the  main 
Acadia  seam,  but  no  such  seam,  theoretically  supposed  to  exist,  is  now 
known  to  have  even  been  actually  exposed,  and  today  nothing  is 
known  of  the  half  mile  of  strata  overlying  the  top  seam,  except  of  the 
lower  portion,  326  feet,  pierced  by  the  Drummond  mine  pumping  shaft. 
Trial  pits  since  1869  on  thecrnpsof  seams  underlying  behind  the  Black 
Diamond  mine  which  operated  on  the  main  seam  found  only  coal  which 
waa  inferior  and  thinning  rapidly  to  the  northward — Poole,   2  i  i 


ib.  Google 


26  M  HOVA  SCOTIA 

The  Uteat  workiofp  ofthe  Drummond  mioe  in  depth  hftve  shown  an 
ext«nsioD  of  this  WeetTille  district  much  farther  to  the  south-eoBt  behind 
the  Albion  division  than  wm  expected  on  the  evidence  of  some  trial 
pits  on  the  Dnimmond  area,  evident);  wrongly  reported. 

In  the  Westville,  like  all  other  districts  of  the  field,  the  thickness 
of  the  normal  bed  varies  with  the  locality  and  the  following  section  is 
subject  to  modification : — 

F««t.    Teat. 

StnM 26,000 

Cod,  Aodia  mftin  BSUD 17 

Ktnt* 181to2l» 

Co»l 12 

Strata 107  U>  126 

Coal 6 

Strata 90 

Coal 8 

The  strata  underlying  the  coal  seams  are  exposed  on  the  Middle 
river  and  McLeods  brook ;  but  as  yet  no  measnremente  have  been 
made  of  those  on  the  river.  Since  1893,  workings  of  the  Dmmmond 
mine  have  been  pushed  southward  by  the  fourteenth  level  as  far  as  the 
Stellarton  reservoir.  Here  the  section  of  the  coal  seam  is  given  betow  : 

CdsI,  fall 28 


Coal,  fall 

Coal,  bench. . 


Total  in  feel 


This  is  at  a  point  more  than  a  mile  and  a  half  from  the  elope  mouth, 
where  the  seam  showed  a  total  thickness  of  17  feet.  Speculations  are 
now  indulged  in  as  to  whether  connection  will  be  made  with  the  bleck 
shale  and  gray  sandstone  on  the  East  river  near  the  afiylnm  occupyinft  a 
position  difficult  to  explain  in  relation  to  the  strata  at  the  pumping, 
station.  To  the  south  of  the  Drummond  mine  and  in  the  neighborhood. 
of  Culton's  adit,  boreholes  have  been  put  down,  drifts  driven  and  much 
money  spent  of  late  years,  without  changing  the  conclusions  reached  by 
the  earlier  explorers — that  the  district  is  greatly  disturbed  and  is  limited 
by  the  dislocation  which  exposes  the  lower  red  rocks  at  the  old  mill 
dam  a  quarter  of  a  mile  south  of  the  adit.  (Poole,  p.  293. >  In  the  adjoin- 
ing mine,  workings  approaching  the  adit  from  the  northward  met  inferior 
ooal  and  were  stopped  before  the  actual  boundary  of  the  field  was 
reached  ;  but  which  would  appear  to  be  serrated  by  faults  of  two'series. 
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On  the  map,  the  lines  liotted  to  represent  the  position  of  the  working 
levels  also  indicate  the  extent  of  the  good  coal  in  the  worked-oat  por- 
tions which  are  carried  eastward  behind  the  Albion  mines  workings 
and  to  within  half  a  mile  of  the  East  river. 

Permian. — It  has  been  convenient  to  call  Permian  the  series  of  strata 
younger  than  the  Productive  Ooal  Measures.  These  are  Bometimes 
spoken  of  as  PermO'CarboniferQua  and  the  equivalent  of  the  highest 
beds  in  the  famous  Joggtns  section  of  rocks  where  no  unconformity  has 
been  detected.  On  the  other  hand,  in  this  field,  unconformity  below  Highest 
the  Permian  is  most  oiarked  and  the  series  is  largely  developed  north-  "*"'*■ 
ward  in  ascending  order  up  to  Cape  John  and  Amet  sound  where  the 
highest  members  are  preserved  under  the  shelter  of  the  anticline  of 
Wallace. 

This  series  has  for  its  base  the  massive  conglomerate  that  extends  Nev  Ulaagow 
westward  from  Merigomish  island  and  which  is  so  well  exposed  at  <»n8'™erate. 
Oreenhill  and  New  Glasgow  as  to  there  acquire  its  distinctive  name. 

On  Fraser  mountain  it  is  overlaid  by  a  concretionaiy  limeetone, 
and  an.  inferior  seam  of  coal.  Three  other  thin  seams  crop  under  the 
slag  dump  on  the  north  side  of  Smelt  brook,  and  other  small  seams  at 
Caribou,  Beggs  cove.  Rear  brook  and  Little  harbor,  bat  everywhere 
valueless,  so  far  as  discovery  has  at  present  gone.  As  yet,  fragments 
of  coal  or  block  shale  have  not  been  found  in  the  congomerate  itself 
but  further  search  is  desirable.  In  it  are  pebbles  of  iron  ore  from  the  Soutberl; 
hills  to  the  south,  specimens  of  the  large  "  bulls  eyes  ",  or  the  spherical  oongiomerate. 
calcareous  concretions  occurring  in  the  immediately  underlying  sand- 
stones, and  at  Alma,  where  it  rests  on  Devonian  and  its  dip  is  south- 
erly, it  contains  boulders  from  the  pebble  beds  which  are  in  situ  three 
miles  to  the  south  of  it. 

At  present  it  is  popular  to  express  views  favourable  to  the  encourage- 
ment of  boring  through  the  Permian  strata  in  search  of  Coal  Measures 
carrying  workable  seams  of  coal,  but  the  writer  was  unable  during  a 
study  of  the  field  extending  over  many  years  of  residence  to  find  any 
trace  of  evidence  suggesting  a  recurrence  or  a  continuance  of  Coal 
Ueasuree  northward  of  the  well  known  limits  given  to  the  field.  There 
are  besides  strong  reasons  for  conviction  that  productive  Coal  Measu- 
res do  not  underlie  a  large  part  of  the  area  covered  by  the  Permian 
beds  as  has  been  Bnggested,(')  and  lei^st  likely  of  all  along  the  south, 
ern  limits  occupied  by  the  lower  members  of  the  new  fonxation  where 
the  under  rocks  are  visible. 
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This  basftl  conglomerate  bed  of  the  series,  approiimately  coincides 
with  the  northern  margin  of  the  coal  field  And  although  the  conglom- 
erate all  but  touches  the  Coal  Measures  on  Blackwood  brook  near  the 
boepital,  a  fault  certainl^r  intervenes  there,  as  elsewhere  along  tbe 
boundary,  and  tbe  hoped  for  overlapping  of  the  Permian  on  the  Coal 
Meaauree  baa  yet  to  be  diuMvered,  search  so  far  having  only  resulted 
in  exposures  of  a  base  consisting  of  either  Devonian  or  Millstone  Grit.( ' ) 

It  is  true,  the  general  structural  features  of  tbe  country  do  suggest 
a  possible  recurrence  among  the  faults  north  of  the  hill  range,  of  patches 
of  coal  strata,  now  covered  by  later  deposits,  and  also  that  after  suffi- 
cient study  of  the  system  of  faulting  occurring  there  has  been  made, 
it  might  be  followed  up  by  metliodical  examination  by  boreholes  pierc- 
ing tbe  Fermiaa  io  order  to  teat  the  character  of  the  underlying  series. 

Already  a  borehole  has  been  put  down  near  the  mouth  of  Rear 
brook.  It  entered  the  conglomerate  at  a  depth  of  lees  than  400  feet, 
and  was  still  in  it  at  600  feet,  where  the  loss  of  the  drill-head  stopped 
the  boring.(')  A  previous  borehole  put  down  under  tbe  direction  <d 
Sir  J.  W.  Dawson,  lower  down  the  East  river  and  on  the  right  bank 
had  not  reached  the  conglomerate  at  a  depth  of  731  feet.  Other  trials 
in  the  same  locality  are  now  in  progress. 

Fossils  of  this  series  may  be  found  at  the  mouths  of  and  up  Smelt 
and  Rear  brooks.  In  the  latter,  below  the  old  mill  dam  on  tbe  brook 
numerous  tracks  of  a  batrachian,  Saurojyus,  have  been  obtained  ;  and 
above  the  dam,  plants  and  fish  remains,  jaws,  scales,  coprolites,  etc. 

Mineralt. — Specimens  of  chalcocite  with  plant  remains  occur  at 
Cariboa  and  other  spots ;  and  pyrolusite  is  found  in  small  quantities 
in  the  conglomerate  at  Alma  bridge. 

Tbe  silicious  beds  supply  grindstones  and  building  stones  of  good 
quality. 

Ifftieout  ItUrutiont. — There  was  a  time  when  volcanoes  were  very 
active  in  the  neighboi  hood,  when  liquid  rock  was  forced  upward  and 

(1)  MaliburtOD,  IHGS. 

{2)  A  ucnud  boring  by  rope  fttid  free  fall  cutter  U  atill  id  oonglomeTaM  Kt  a 
depth  of  1900  fMt. 

Rkiterrnces.— Geol.  Sur.  Roporta,  1886,  Vol.  It,  P.  p.  93. 

1889-91.  Vol.  V,  p.  108. 

GeoL  Siirv.  Report,  1808-fl.  pp.  13,  64. 

Ac«d.  G™1.,  pp.  129,  822,  3«, 

Trans.  N.  8.  Inat  So,  Vol.  1,  p.  36-1879,  p.  1B3. 

8er.  2,  Vol,  I,  p.  a:a 
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ooDsoIidated  among  the  beds  tb^  bad  previonslj  been  formed  u  sedi- 
ments uoder  water. 

Among  the  oldeet  rocks  to  the  south,  the  mare  ancient  lavas  are  Vulcanic 
lai^t;  reproaented  ;  others  disturbed  the  Cambro-ailnrian,  and  Uien, 
sometime  subsequent  to  the  Silurian  epoch,  a  great  activity  prevuled 
along  the  southern  rim  of  the  coal  basin.  Exactly  at  what  time  tbe 
disturbances  ceased  has  not  been  mode  out,  but  it  was  before  tbe  Car- 
boniferous Limestone  period,  for  we  find  boulders  of  trap  in  the  con- 
glomerates of  that  age.  These  rocks  are  easily  recognized  in  the  bare, 
black  protuding  peaks  of  McLellaus  mountain,  and  in  the  bold  escarp- 
ment overlooking  the  Ea^t  river ;  some  of  them  are  vesicular  with  and 
without  amygdules ;  others  are  compact.  The  greenish  felsites  of  the 
Devonian  at  Horn's  bridge  which  spans  McCullochs  brook  are  classed 
among  igneous  rocks. 

Glacial  depotite. — While  the  palteozic  division  of  the  clastic  rocks  is  (ilaci»l  depO' 
well  represented  in  the  province  and  very  fully  in  tbe  neighborhood  of 
this  coal  field,  the  Mesozoic  has  only  an  equivalent  of  the  lowest 
Triassic  given  to  it  and  tbe  Tertiary  is  absent.  During  the  long 
hiatus,  tbe  region  seams  to  have  been  out  of  water  sufTering  erosion  and 
for  much  of  tbe  time  eziatii^  as  a  high  plateau.  It  is  true,  it  has  been 
suggested  that  Miocene  deposits  may  lie  ofiF  tbe  coast,  but  with  this 
doubtful  exception,  none  other  than  the  pleistocene  occur. 

Of  this  later  age,  deposits  under  varied  conditions  may  be  observed  ImmUod. 
in  the  district,  well  worn  erratics,  angular  boulders,  displaced  slabs,  clay, 
sand  and  sharp  edged  fragments  of  local  rocks  without  arrangement,  on 
the  hills,  in  hummocks  on  the  middle  ground,  in  drumlins  or  as  ground 
moraines  in  the  low  lands  and  valleys.  All  have  a  set  from  the  high 
to  the  low  levels  and  northward  towards  the  waters  of  the  Gulf  of 
St.  Lawrence.  The  waste  from  the  great  conglomerate  ridge  has  been 
carried  down  stream  to  the  northward.  The  g!acial  striie  on  the  planed 
tops  of  tbe  Cambro-Silurian  hills  point  N.  42°  E.  (Magnetic).  Coal  wash 
baa  been  found  by  prospectors  carried  to  tbe  north  beyond  the  limits 
of  the  coal  field.  Undoubtedly,  the  last  stage  of  the  icoage  ia  these 
parts  of  the  province  was  a  glacial  movement  northward.  Of  the  great 
continental  ice  movemsnte  southward,  which  it  is  assumed  preceded 
the  local  records  enumerated,  no  evidence  has  been  detected,  with  the 
possible  exception  of  the  finding  by  the  writer  in  a  brook  in  McLellans 
monnlain  half  a  mile  south  of  the  coal  field  of  a  few  well  worn  pebbles 
of  bituminous  bat,  presumably  drift  from  the  north.  A  large  erratic  of 
doubtful  source,  possibly  Cobequid,  lies  on  the  steep  grade  out  of  Stel- 

Foole,  p.  'ita. 
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).  lartoQ  on  the  railway  to  Wealville.  Drumlin  ridges  are  crosaed  hj  the 
road  from  Stellarton  to  Asphalt.  Lenses  of  olay  And  sand  have  been  ex. 
posed  and  Uken  for  use  from  the  hill  at  the  Back  mines,  where  falls  of 
roof  in  the  pits  have  crushed  through  to  the  sarface  and  expoeed  th«m- 
These  deposits  are  remarkable  for  oontuning  at  the  same  time  frag- 
ments of  coal  and  blaok  shale  from  the  immediate  locality  together 
with  some  stones  broagfat  from  a  distance.  Terracee  of  the  till,  to  a 
height  of  160  feet,  made  more  noticeable  by  alight  falls  of  snow  are  seen 
on  tin  right  bank  of  the  East  river  where  it  opens  out  into  the  coal 
field  and  seemingly  mark  the  margin  of  a  temporary  glacial  lake  or  a 
flooded  condition  of  the  plain.  A  secondary  separation  of  the  sand 
in  the  till  occurred  in  the  later  atagee  of  the  period  and  deposits  of 
it  were  made  along  the  river  to  some  height ;  as  at  the  month  of  Mc- 
LelUns  brook  up  to  a  height  of  100  feet,  and  in  this  sand  deposit 
under  a  cover  of  ordinary  drift  of  earth  and  stones,  are  lenses  and  balls 
of  clay  with  boulders ;  and  pebbles  of  travelled  stones,  with  pockets 
also  of  blaok  shale,  fragmenU  evidently  torn  from  the  adjoining  bank. 
When  exploring  operations  are  conducted  in  this  field,  serious  obs- 
truction is  often  caused  by  the  depth  of  the  superficial  deposits,  which 
being  glacial  drift,  give  little  indication  of  the  nature  of  the  rocks 
underneath.  In  fact,  their  contents  sometime  mislead  ;  e.  g.,  the 
abandoned  Drummond  mine  branch  railway  near  the  Fox  brook  road 
ptasses  between  ontcroppings  of  reddish  sandstone,  evidently  older  than 
the  Coal  Measures.  These  were  assumed  to  be  in  place  until  mining 
below  in  coal,  differently  dipping,  proved  the  rock  to  be  but  a  very 
jsrge  drifted  slab.  Again  in  1690,  the  finding  of  large  blocks  of  coal 
in  loose  ground  just  north  of  the  Vale  area  caused  it  to  be  assumed  that 
the  place  was  within  the  limits  of  the  coal  field  until  a  trial  pit  disclosed 
red  rocks  in  situ.  In  this  case  also  the  drift  had  evidently  been  from 
the  southwest ;  in  the  same  direction  in  whi::h  lie  the  ridges  and 
ground  moraines  and  from  which  the  strite  point. 

f  At  Stellarton  a  depth  of  60  feet  of  boulder  clay  has  been  met  with, 
while  at  Westville  as  much  as  86  feet  of  till  had  to  be  passed  through  to 
reach  bed  rock  in  one  trial  pit.  It  has  been  assumed  that  the  glacial 
erosion  in  the  neighborhood  was  excessive,  but  the  structure  of  the 
surface  points  rather  to  long  continued  preglacial  denudation  directed 
by  the  faulting;  and  texture  of  the  rocks;  the  subsequent  ice  action 
playing  but  a  minor  part  in  shaping  the  surface  by  re-arranging  the 
soil  and  stones  and  loosely  transported  material. 

Progreat  of  tkt  Mining  Induttry  : — In  his  history  of  Pictou  county 
Dr.  Paterson  tells  of  the  discovery  of  coal  in   1798  on  a  brook  near 
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where  the  Cage  pit  was  sunk  by  H.  Poole  in  1853,  aad  where  the  crop 
-of  the  Main  Beam  has  been  burnt  at  some  remote  period ;  bat  when 
this  aad  other  surface  fires  begao,  inquiry  has  failed  to  discover. 

The  earliest  workings  (>)  were  along  the  out-crops  of  the  seams  and  Hirtoriml 
the  coal  was  hoisted  hy  horse  gios.  Then  followed  the  series  of 
pita  in  line  an']  dose  together  near  the  East  river  in  the  strip  now 
known  as  the  Burnt  mines.  lu  1S39,  other  pita  now  distinguished  as 
the  Crushed  mines  were  sank  to  greater  depths  with  a  winding  shrift 
for  each  level ;  and  from  the  lowest  inclines  won  coal  lying  to  the  deep. 
Subsequently,  in  1867,  the  vertical  Foord  pit,  900  feet  deep,  was  put 
down.  In  the  course  of  operations,  numerous  small  faults  were  met 
with  and  recorded.  Their  method  of  occurrence  and  grouping  were 
mapped  in  1893  in  the  paper  read  before  the  N.  S.  Inst,  of  Sc.,  and  are 
worth  examining. 

In  the  Main  seam  workings,  west  of  the  Forsler  pit,  at  a  depth  of 
900  feet  a  deterioration  of  the  seam  both  in  thickness  and  quality 
was  found  ;  and  as  already  mentioned  a  similar  experience  was  met 
within  the  opposite  direction. 

Deterioration  is  also  found  to  occur  in  all  the  seams  of  the  Stellarton 
series  eastward  of  the  East  river  and  they  are  apparently  affected  by 
approach  to  the  old  rocks  which  formed  a  shore  to  the  Carboniferous 
deposits.  Similar  modifications  in  the  composition  of  the  strata,  such 
as  substitution  of  sandstone  for  shale,  shale  for  coal,  find  in  this  field 
numerous  illustrations  that  should  prove  instructive  to  the  pros- 
pector. Further  reference  to  some  of  these  changes  are  elsewhere  noted. 

It  was  in  this  district  that  the  first  foundry  east  of  Halifak  was 
«rected  in  1828  ;  The  first  cast  iron  was  reduced  in  1829  in  a  small 
special  blast  furnace  ;  the  first  locomotive  on  a  railway  in  Nova  Scotia 
ran  in  1839  ;  and  the  first  steamer  to  cross  the  Atlantic  from  Canada 
leaving  Quebec,  called  at  Fictou  for  Albion  coal. 

In  the  use  of  machinery,  the  practice  of  cool  mining  in  this  field  has 
taken  note  of  the  gradual  passage  from  appliances  at  one  time  gena- 
rally  employed  to  those  now  regarded  as  up  to  date.  A  few  examples 
may  be  thus  noted  : — 

T/ien — Ropes  for  winding  coal  were  flat,  of  hemp,  or  of  iron  wire  : 
Kow — They  are  round,  of  steel  and  of  high  tensile  strength  : 
Then — The  winding  in  shafts  was  alow,  the  skips  swinging  free  against 
spilling  boards : 

(1)  S«e  also  Trans.  Miniiut  Soc.  Vol.  II,  Part  2,  1B94, 
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How — There  is  a  npid  winding  in  cftge«  with  gaidea  (tod  perhaps 
springs  and  safety  catches  to  ease  the  shock  Mid  prevent  over 
winding : 

?%«»— Shafts  were  numerons,  close  together  on  the  direction  of  the  dip : 

Now — New  pits  and  the  hanlage  is  concentrated  from  long  distances 
to  central  points  : 

Then — Ventilation  was  b^  firelamp  and  furnace  : 

Now — By  mechanical  fan«  of  high  speed,  and  high  water  gaage  : 

Then — Open  lights  were  general  and  the  "  sulphur "  man  naed  the 
single  gauge  Davy  safety  lamp  : 

Now — Safety  lamps  are  generally  used,  and  are  of  double  gauge  with 
glass  rings  : 

fAen— Boilers  of  low  pressure,  hay  stack  in  form  : 

Now — Of  high  pressure,  fine  or  water  tube. 

Then — Kngioes  vertical  with  a  beam  of  slow  speed  : 

Now — Of  hif^h  pressure  and  rapid,  sometimes  compoand  with  cut  off. 

Then — Coal  was  carefully  built  by  the  miners  on  skips  made  with 
hales  and  loose  iron  rings.  The  skip  separate  from  the  roUey 
that  carried  it  from  the  gate  road  end  to  the  shaft  was  dragged 
on  its  runnere  from  the  working  face  to  the  rolley  way.  Thft 
rolley  hsd  edge  wheels  wedged  fast  on  square  iron  axles  : 

Now — Pit  boxes,  hutches  or  mine  cars  with  chilled  flanged  wheela 
shrunk  on  round  steel   axles  bring  the  coat  from  the  working 

Thtn — On  banking,  the  skips  were  tipped  by  main  strength,  the  iroit 

rings  tumbling  with  the  coal  on  to  the  screens  to  be  gathered 

and  carried  up  again  to  the  pit  head  : 
Now— Cages  automatically  discharge  cars  to  antomatio  tipplers  which 

discharge  over  moving  screens  and  picking  belts,  all  engine 

driven. 
Thtn — Coal  cutting  was  an  art,  the  collier  took  pride  in  his  ability  to 

handle  the  pick,  to  cut  a  straight  and  narrow  shearing,  to  make 

a  low  holeing  deep. 
Now — A  neat  wall  is  only  seen  in  old  workings  ;  rough,  rs^ed  and 

irregular  aides  are  accepted  with  the  urgent  demand  for  large 

outputs. 
In  this  district  the  miner  will  find  example*  of  both  thrust  and 
creep  irregular  pressure  from  irregular  working  of  overlying  seams  ; 
fireclay  between  benches  of  coal  squeezing  out  by  pressure  as  clay  oub 
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of  ft  briokiDftfcing  machine;  latenl  preasare  on  th«  oo«l  walk  of 
inolined  Mains  redaoing  tha  spacs  of  opCDiagt  30  p.  o.  in  a  few  moatbs, 
sagging  the  roof  and  causing  it  to  break  even  over  otdinarj  boom- 
ing in  teas  time ;  places  so  oloaely  timbered  that  neither  rock  nor  cool, 
nothing  but  blocks  of  wood,  are  to  be  seen  for  long  diataDcea,  except  at 
the  aotital  faces.  Studies  are  now  madeiufaullH,  types,  inflltrationsi  gtodj^. 
substitution  of  coal  bat  shale  and  fire  day  ;  in  reed  or  cleat  structares ; 
jn  so  working  i^  to  make  the  pressure  release  masses  of  ooal  with  tfae 
least  laborto  tfae  miner;  in  the  proper  aettingof  timbers;  inesMmat. 
ing  the  strength  of  big  and  small  timbers  under  varied  conditions  when 
under  end  and  side  pressures  ;  in  the  spalning  of  tha  ribs,  and  faow  to 
guard  agunst  it ;  in  bow  to  distinguish  between  sounds  whioh  are 
benign  and  those  premoniloiy  of  danger — bo  expert  do  those  extracting 
pillars  of  coal  become  that  they  work  on  to  the  last  minute  before  a 
fall  of  roof  takes  place  and  even  amid  conditions  appalling  to  the 
inexperienced,  ^mong  the  exceptions  to  the  usual  pastimes  indulged 
in  by  miners  a  "  bon  spiel "  was  played  300  feet  underground  in  1851, 

iSjwtein  of  working. — Time  has  seen  many  variations  in  the  methods  Old  nwthod 
of  mining  iutroduoed  and  practised  to  meet  altered  conditions  in  angle  *°''™K- 
o(  inolination,  thickness  of  coal  extracted  and  in  the  strength  of  the  roof 
and  floor  strata  Wheratheroof  wasstrongnearthecrop,  theopenings 
were  large,  the  standard  width  of  six  yards  being  often  exceeded  ;  and 
the  pillars  of  ooal  left  to  support  the  roof  ware  small,  (but  a  few  feet 
in  some  places)  and  yet  they  held  up  for  years.  Neoessarily  with  a 
dip  of  18*  or  over,  tha  rooms  or  bords  were  driven  parallel  with 
tfae  strike  and  were  connected  in  sets  by  diagonal  horse  slants. 
As  laid  off  the  proportion  of  pillar  to  opening  stood  well  enough  even 
to  a  depU)  of  bOO  feel^  until  the  balance  was  lost  at  a  weakened  spot 
and  then  there  was  a  crush.  The  workings  initiated  in  1839  toppled 
over  and  became  the  crushed  mines  of  1862.  At  equal  depth, 
thickerf^lais  also  yielded  to  an  increased  weight  brought  on  by  sub- 
sequent pillar  robbing  in  the  Dalhousie  workings ;  while  at  much 
greatw  depths  no  proportion  would  maintain  the  openings,  and  now  at 
depths  of  1,300  and  over,  operations  are  so  conducted  as  to  bring  on  an 
immediate  settlement;  levels  which  would  not  remain  open  for  three 
months  timbered  at  nine  feet  wide  are  now  driven  twenty  feet  and 
packed  on  bo^fa  sides  of  the  hauling  roads.  The  present  system  for  tfae 
inclined  seams  being  to  drive  levels  in  pain  eveiy  400  or  600  feet 
apart,  with  balances  to  the  full  rise  every  380  feet,  and  to  have  the 
panel  of  ooal  so  blocked  out^  removed  longwall  advancing.  Every  set 
(rf  four  man  have  a  road  between  dose  packs  for  a  taoa  of  twelve 
14—11—3 
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yftrds.  So  vorked  it  is  literally  true  that  the  eeam  of  coal,  except  at 
the  face,  cannot  be  seen  for  the  timbers  used  to  maintain  the  roof  and 
■ides  of  the  excavations. 

Firedamp. — The  mines  of  this  field  produce  more  explosive  gas  than 
those  of  the  other  districte  of  the  province,  Bometimea  b;  general 
exudation  from  the  coals,  sometimes  in  considerable  volnme  from  "  cut- 
ters "  in  faults.  One  such  in  the  Foord  pit  bubbled  out  of  water  so 
Tiolentlj  that  the  voice  near  by  had  to  be  raised  to  be  heard.  From 
fraahly  cut  coal,  gas  has  been  known  to  flow  round  the  comer  of  a  pillar 
so  pure  as  to  put  out  the  flame  of  a  safety  lamp  held  in  it,  and  that 
too  where  there  was  a  cnrrent  passing  of  10,000  c  ft.  of  air  per  minute. 
On  one  occasion  when  leaning  gainst  the  solid  coal  enough  gas 
issuedfrom  the  wall  on  the  lea  side  of  the  writer's  body  to  put  ont 
his  light,  althoU|;(h  a  strong  cnrrent  of  air  was  circulating  at  the  time. 
Aootber  instance  of  freer  evolution  of  gas  might  be  given.  A  pair  of 
levels  advancijig  in  the  solid  coal  made  no  much  gas  as  to  fonl  a  cnr- 
rent of  IS,000  c.  ft.  per  minute  and  make  it  advisable  to  stop  further 
operations  at  the  place  for  eighteen  months  until  the  feeder  of  gas  pined 
oft 

Of  this  locality  Mr.  R.  8mith,  before  a  select  oommitteeof  the  House 
of  Commons  in  183B,  remarked  ; — 

'The  ebalition  of  firedamp  at  the,Gast  river  was  similar  to  that  of  a 
steam  boiler,  with  the  same  kind  of  rapidity,  so  that  putting  flame  to 
it  on  a  calm  day  it  would  spread  over  the  river,  like  what  is  commonly 
tormed  setting  the  Thames  on  fire ;  it  often  reminded  me  of  that  say- 
ing. It  is  very  common  for  the  women  to  go  to  the  river  with  the 
washing  they  have  to  perform  tor  their  families  and  dig  a  hole  about 
ten  inches  deep  by  the  river  side.  This  they  then  fill  with  pebbles 
and  then  put  a  candle  to  it ;  by  this  means  they  have  plenty  of  boil- 
ing water.'  I  mention  this  to  xhow  how  highly  charged  the  coal  was 
with  gas.  When  we  first  reached  the  seam  at  a  depth  of  180  feet,  the 
gas  roared  as  the  miner  struck  the  coal  with  his  pick  ;  it  would  often 
go  off  lilie  the  report  of  a  pistol.  The  noise  which  the  r;as  and  water 
made  in  issuing  from  the  coal  was  like  a  hundred  thousand  snakes  his- 
sing at  each  other.' 

To  diminish  the  danger  arising  from  eo  much  gas,  the  use  of  black 
powder  and  open  lights  of  lato  has  been  abolished,  but  previously  seve- 
ral accidents  occured  and  fires  resulted.  Three  times  between  182S 
and  1839  was  the  river  turned  into  the  workings  to  extinguish  fires  ; 
and  other  fires  after  1660  also  required  to  be  drowned  out.  In  the 
meantime,  it  frequently  occurred  that  gas  was  set  on  fire  in  the  course 
of  working  and  no  to  gnard  t^inst  ill  efiiects,  puncheons  of  water  were 
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kept  in  each  bord  with  bags  for  beating  out  the  flame,  or  bj  the  use  of 
amall  caooon  to  fire  at  the  flame  and  extinguish  it  by  coacussion.  Then 
it  was  that  the  fireman  in  his  roands  before  the  day  shift  b^;an  work 
thought  nothing  of  hooking  bis  bioket  lamp  to  the  cleaoing  rod  and 
reaching  up  to  the  high  places  get  rid  of  gas  that  had  occumolaterl  by 
setting  it  on  fire. 

In  lfe96  a  commiBsion  was  appointed  by  tJie  Provincial  Government  ^f^  in  mii 
to  report  on  the  Mine  Firea  of  Fictou  county,  one  of  vhich  hod  been 
burning  since  1870,  fuidoontiDaes  to  this  day.  This  report  ia  of  interest 
to  those  wboee  local  knowledge  enables  them  to  read  between  the  linee. 
It  was  published  and  subeequentty  subject  to  comments  in  Appendix 
21  of  the  Journals  of  the  House  of  Assembly,  1890.  ,  A  paper  discuss- 
ing it  was  olao  read  before  the  Mining  Society  and  published  in  the 
Transactions  of  the  Federated  Canadian  Institute  for  lb97. 

Blaekdamp. — This  product  of  decomposition  is  met  with  in  old 
workings.  In  ISOO,  on  re-entering  the  lowt^st  lift  of  the  Deep  seam, 
after  it  had  been  closed  for  30  yearf,  cars,  harness  and  canvas  cloth 
were  found  quite  sound  ;  tools,  such  as  saw,  pick  and  shovel  being  in 
Buoh  good  order  that  the  explorers  were  able  to  use  them,  and  even 
some  hay  was  still  springy  under  foot,  so  well  had  the  carbonic  acid  gas 
guarded  the  contents  from  oxidation  even  in  the  dampness  of  the  mine. 
In  the  laboratory  and  class  kx  to  the  student  is  taught  the  diffusion 
of  gases,  but  in  the  practical  work  of  the  minci,  he  finds  the  gases  have  a 
tendency  to  keep  separate,  of  blaekdamp  to  lie  in  depressions  and  fire- 
damp locoUect  in  cavities  overhead.  When  explorers  in  1849  entered 
the  Burnt  mines  and  took  a  current  of  fresh  air  with  them  they  found 
tbemselTef)  wading  in  places  through  blaekdamp,  while  inflammable 
gas  was  within  reach  overhead. 

AcddtTile. — Many  have  been  the  losses  of  life  and  property  in  these  Aooidents 
pito,  many  the  narrow  escapes.  Of  the  latter,  one  will  suffice  to  mention. 
The  sinkers  had  gone  to  bank,  and  but  one  man  remained  below  to 
fire  a  shot.  The  cotton  was  lit,  and  at  the  signal  the  gin  horse  sprang 
away,  but  the  slaok  of  the  rope  caught  and  the  bowk  with  the  man 
in  it  remained  suspended  over  the  shot.  Instantly  realiiing  his  position 
the  ininer  threw  his  bonnet  and  with  true  aim  knocked  out  the  snuff 
from  the  priming  while  the  men  on  top  waited  for  tho  blast  in  dread 
of  the  results. 

From  falls  of  coal  and  roof  and  in  miscellaneous  ways  accidents  Mining 
have  happened,  but  the  greatest  disasters  have  been  from  explosions  of  <''"*t«r». 
gas.  The  Drummond  mine  in  1873  claimed  59  victims,  including  four 
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hr%n  Tolontoen  wfao  g&ve  tbcar  lives  to  aid  tiuxe  caught  in  the  first 
explosion.  Tn  th«  Foord  pit,  6  were  lost  by  an  irruption  of  water  and 
44  by  ao  explosioa  a  inouth  later  in  1880.  Two  aerions  caUmitiea 
attended  operationi  in  the  McBean  seam  ;  a  runaway  car  on  the  slt^te 
killed  8  men  in  1883  and  an  explosion  13  in  188S.  Two  brothers  and 
»  companion  at  the  Harsh  were  destroyed  by  dynamite,  and  two 
shafbnen  fell  with  a  broken  rope  in  the  Foord  pnmping  |»t.  Among 
the  miners,  premonitioii  ot  disaster  has  had  oredenoe  given  it  l^ 
authentic  cases  of  men  who,  having  decided  to  give  up  the  mine^  were 
known  to  hare  gone  below  wi&  the  intention  of  squaring  up  thnr 
places  or  gathering  up  tiieir  tools  and  who  never  returned  alive. 
There  was  a  general  anticipation  ot  explosion,  naming  as  it  so  happened, 
the  veiy  day  of  that  of  die  Foord  pit  in  18S0,  uid  there  is  on  record 
with  the  Fsyobioal  Society  a  letter  by  one  Wyllie  telling  that  the 
etmimon  talk  at  Springhill  was  of  an  expected  explosion  in  the  spring 
of  1886  and  the  letter  was  received  jast  before  the  disaster  of  that 
year  occurred.  It  is  only  right  to  also  mention  that  there  have  like- 
wise been  a  number  of  forecasu  among  the  mining  villages  that  nev^ 
materialized. 

MlNKBALB. 

Goai. — Many  analyses  of  Fiotou  co^  have  been  published  :  by 
Frof.  J<^nson  1843;  by  Dr.  Dawson  in  his  Acadian  Geology;  by 
Prof.  How,  in  the  Mineralogy  of  Nova  Scotia,  1869 ;  in  reports  of  tlie 
Geologioal  Survey,  Logan,  1869,  p.  366,  etc.,  etc.* 

They  all  go  to  show  that  the  composition  of  the  several  ooal  seams 
varies  in  the  several  benches  and  in  various  districts  of  the  same  seam. 
The  ash  is  usually  above  7  per  cent  white  and  bulky  ;  the  coals  of  the 
lowerserieewestof  the  East  river  areeoking;  while  thoee  of  the  higher 
series  east  of  the  river  are  non-coking.  The  clean  coal  of  the  princi- 
pal seams  is  low  in  sulphur,  under  1  per  cent,  and  hence  is  valued 
by  the  worker  in  iron,  the  fomaoe  man  and  the  guardiMi  of  the  d<Hnes- 
tic  iiearth. 

Firtday. — Associated  with  the  ooal  seams,  as  well  as  in  and  under 
them,  are  beds  of  clay,  often  bitaminous,  slickenaided  and  generally 
free  of  silica.  Many  oontain  nodules  and  massee  of  day-ironstone 
easily  separated  on  weatiiering. 

For  wdinary  purpoees,  some  of  these  beds  of  fireclay  are  suitable 
and  have  for  many  years  found  oolliery  uses ;  o^en  are  too  high  in 
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alkstieB  for  fire-brick,  h  for  mataDce,  the  bed  overlying  the  J>eep  HiDenli  ol 
seun  which  coataiaB  ftbont  four  per  cent.  cmlfield. 

Alum  aaiu. — On  we«thering,  the  waste  heaps  .on  the  surface  show 
sometimes  an  astringent  efflorescence  and  the  Acadia  slope  develops 
stalactites  of  melanterite  from  the  roof  shale. 

A-tn& — Ii  met  wi&  at  depths  below  1,000  feet  in  the  Aoadia  and 
McBean  seams. 

CtU^U. — Incmstations  have  rapidly  formed  from  seepage  in  the 
HcQregar  seam,  taking  the  form  of  oocksoombs. 

Pyrite. — filamentous,  oockao(»nb,  sometimea  in  the  form  of  maroa- 
site  or  massive,  infiltrating  vegetable  tissue  or  ooonpying  cavitiesot 
the  nodular  ironstone  irregnlarlj  dispersed,  or  as  lentils,  bat  lying 
horizontally  in  some  (rf  the  coal  sesmii.  (1) 

Galtna  and  zine  Mende.— Have  also  been  found  in  nodules  in  the 


Clajf  inmiUme. — In  nodules  and  in  bandit  as  already  noted. 

BlacJAand  ironttona. — Oocnn  where  oanoel  comes  in  under  the 
iqtper  four  feet  bench  of  the  Deep  seam. 

SpeeuUtr  and  ^>athie  iron  or«$, — Show  in  very  thin  veins  at  flsbpools 
on  die  Bast  river. 

JJimonUe, — Within  the  bounds  of  the  ntap  at  the  oontaat  of  the  older 
rocks  with  Lower  Carboniferous  of  Waters  hill,  Bmokey-town. 

SttnalUe. — Ab  pebbles  in  the  New  Glasgow  conglomerate,  and  even 
plentifal  as  small  boulders  of  Uie  ore  in  the  oougloniMate  on  Sn- 
therlande  river.  Their  source  ie  a  matter  nf  speculation,  although 
thick  beds  are  known  in  the  Silurian  rooks  to  the  south. 

The  eopfMT  ont,  chalcoeiU  and  malaehUe. — In  nodules  or  associated 
witii  plant  remains  in  certain  beds  of  the  Permian  sandstones. 

Limeabme. — The  Coal  Measures  and  Millstone  Grit  beds  are  seld<mi 
calcareous,  but  the  pavement  of  the  Geo.  McKay  seam  is  an  exception. 
Over  the  Kew  Glasgow  conglomerate  a  distinctive  band  of  concentri- 
cally botryoidal  limestone  marks  that  horizon,  and  snggests  synchrony 
with  the  bed  at  Matheson's  on  River  John.  Calcareous  bands  largely 
occur  in  tJie  lower  formations,  and  the  massiTe  beds  of  the  Lower  Car- 
boniferous furnish  lime  for  local  use  and  limestone  for  the  iron  fomace 
at  Ferrooa. 

(1)  OeoL  aarr.  Bqrart,  Wt,  p.  100. 
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Gypsum. — Occurs  on  Waters  hill,  oa  HcLeaaa  brook  aut  of  Tbor- 
burn,  mad  near  the  chnroh  at  the  base  of  Orcen  hill.  Larger  depoaita 
are  found  up  the  £lnst  river. 

Building  tUme. — Few  of  the  beds  of  the  ooal  meeEaree  yield  good 
sandstone  fit  for  aahtar,  bat  some  layers  find  a  om  for  foondation 
work.  From  the  MilUtone  Qrit,  more  regularly  bedded  stone  of  uniform 
grain  is  obtained,  but  the  source  of  the  most  evenly  bedded  and  the 
fines  quality  of  stone  is  the  higher  series  classed  as  Permian. 

OrindttottM. — Are  made  from  the  sandstonee  of  the  Fermian  at 
Little  Harbor. 

Felroleum. — Blotches  of  strongly  smelling  grease,  encased  with 
oalcite  occasionally  are  noted  in  the  clay  beds  between  the  coal  seams ; 
and  inspissated  drops,  generally  nonelastic,  are  fouud  with  dog-tooth 
Spar  in  the  quarry  at  the  £A3t  river  ford  south  of  Stellarton  ;  in  the 
limestone  nodules  of  Fraser  Ogg's  quarry  and  in  the  calcareous  floor  of 
the  Gleorge  HcKay  seam. 

Oil  ihaUt,  Oil  coal,  (J)  Steltariu.  Curled  and  slickensided  clays, 
with  a  brown  streak,  were  worked  at  several  places  in  1860  for  the 
oil  they  produced.  On  McGulloch  brook  north  of  the  railway  bridge, 
at  the  distriot  of  Asphalt,  at  Stellarton,  eto.  Elsewhere  the  oompact 
oanael-like  and  compact  shale  bonds  were  prospected,  all  yielding 
some  oil. 

Picked  samples  of  oil  ooal  gave  190  gallons  to  the  ton,  cargoes  assayed 
C4  gallons  while  the  shale  or  bat  produced  14  gallons. 

Bride  elm/t  occupy  the  flats  where  waters  were  pounded  during 
glacial  times  and  they  have  beenworkedby  the  brickmakerat  several 
places. 

(1)  TlwiR.  N.  a.  Iiut.  So.  Vol  I.  p.  36,  Vol  VIII189S  p.  340;Geol.  Sarr.  Report, 
1969,  p.  378. 
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THE  ARTESIAN  AND  OTHER  DEEP  WELLS 


ISLAND    OF    MONTREAL 

INTRODTJOriON. 

During  the  past  fift«eii  years  a  large  number  of  borings  have 
been  put  down  along  the  eastern  side  of  the  Island  of  Montreal,  for 
the  purpose  of  obtaioiDg  water.  Most  of  these  have  been  located 
in  the  city  of  Montreal  while  some  of  them  are  situated  in  the  sub- 
urban districts,  and  in  most  instances  large  supplies  of  good  water 
have  been  obtatued.  In  other  cases,  bowei'er,  the  water  obtained  was 
saline  in  character,  while  in  still  other  cases,  little  or  no  water  of  any 
kind  was  found. 

This  source  of  water  supply  in  the  district  about  Montreal  bids  Imi 
fair  to  aasume  an  ever  increasing  importance  in  the  future  ;  and  it  has  ^^^ 
therefore  been  deemed  advisable  to  gather  together  all  the  facts  which 
it  is  possible  to  secure  concerning  the  borings  which  have  already  been 
made — more  especially  as  much  of  this  information  if  not  now 
obtained  and  recorded  will  be  permanently  lost — and  at  the  same 
time  by  a  study  of  the  geology  of  the  district  to  ascertain  what  light 
may  be  thrown  on  the  character  and  origin  of  the  subterranean  water 
supplies  and  the  probability  of  obtaining  water  by  further  borings, 

It  is  also  of  great  importance  to  ascertain,  if  possible,  whether  any 
definite  wat«r  bearing  horizon  or  horizons  exist  in  the  subjacent  strata. 
If  there  be  such  water-bearing  horizons,  it  is  of  the  greatest  impor- 
tance  to  ascertain  their  depth  below  the  surface  in  various  parts  of  the 
area,  since,  knowing  this,  it  would  be  possible  to  determine  where  and 
at  what  depth  one  could  rely  on  obtaining  water  by  boring.  "Work  of 
this  kind  in  many  oth^r  districts,  as  is  well  known,  has  resulted  in  the 
discovery  and  development  of  water  supplies  of  great  extent  and  of  in- 
estimable value. 

Xi,  on  the  other  hand,  definite  water-bearing  horizons  prove  to  be 
absent,  much  may  be  learned  from  the  geological  structure  df  the  area 
with  regard  to  the  general  probability  of  securing  water  by  drilling. 
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Aooordingl;  for  some  jeui  put  the  Geological  Department  of 
HcOill  Umveraitf  luu  been  colleoting  infomwtioD  &nd  data  bearing  on 
the  artMian  water  supply  of  the  Island  of  HontreaL  Nearly  all  the 
deep  wells  on  the  island  have  been  visited  and  all  data  conoeming 
them  which  it  was  poMible  to  secure  has  been  oollected  and  tabulated. 
Method  of  The  borings  have  been  made  with  the  ordinal;  percussion  drill.  No 
™"°t'  diamond  drill  holee  have  been  put  down  and,  oonaequently,  no  proper 

oorea  of  rook  have  been  obtained  from  the  bore  holee.  In  most  instances 
no  detailed  logs  of  the  borings  have  been  kept  and  no  samples  of  the 
material  obtained  from  the  wells  have  been  preserved  by  the  drillers. 
Samplee  from  a  few  of  the  wells  however,  have  been  secured  and 
were  of  the  greatest  value  in  supplementing  and  extending  the  know- 
ledge of  the  succession  of  the  underlying  strata  obtained  from  a  study 
id  the  surface  geology  of  the  district. 

Id  this  report  the  endeavour  is  made  to  present  as  complete  a  des- 
cription as  possible,  of  every  boring  which  has  been  put  down  on  the 
Island  of  Montreal  up  to  the  close  of  the  year  li)03.     Eighty-nine  holes 
are  included  in  the  list.     It  is  believed  that  the  list  is  complete,  but  it 
Nomberof      ^  possible^  that  not  withstanding  the  diligent  inquiries   which  have 
Weill  bored      been  made,  a  few  wells  may  have  escaped  notice.     If  such  be  the  caset 

prior  to  cloM      ,  ,  ,,,  ,    ,  ...  ,  .  •  i 

ofyeul903.    the   authors  will   regard  it  as  a  favour  if  anyone  knowing  of  such 

omissions   will  give   informabiou    concerning  them  to  tbe  Geological 

Department  of  McGill  Uoiversity.    The  Department  will  also  be  very 

glad  to  have  any  information  concerning  new  wells    which    may  be 

,  bored  in  future. 

The  analyses  of  the  waters  which  are  preseatod,  are  in  most  oases 
incomplete  and  therefore  not  wholly  satinfactory,  having  been  made 
by  different  analysts  and  chiefly  for  (lie  purpose  of  determining  the 
general  character  of  the  water  obtained  or  its  suitability  for  use  in 
steam  boilers,  &o.  Ip  makiug  analyses  of  waters  the  amounts  of  the 
several  bases  and  acids  present  are  det«rmined,  but  tbe  way  in  which 
these  are  combined  must  be  left  to  a  certain  extent  to  iJie  judgment 
of  the  analyst.  In  tbe  case  of  the  analyses  prssented  in  this  report  a 
uniform  plan  has  not  always  been  followed  by  the  various  analysts  in 
OMnbining  the  anbetanoes  found,  and  thus  the  analyses  are  not  always 
readily  comparable  with  one  another.  No  atteof^t,  however,  has  been 
made  to  recalculate  them  as  in  most  cases  the  data  for  this  are  insuffi- 
cient 
Hsid  uk]  Doft  Waters  |ire  referred  to  as  Hard  or  Soft  according  to  whether  they 
water*.  contain  large  or  small  amounts  of  lime  and  magnesia  aalta  in  solution. 
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Those  ma;  «xist  either  aa  carbonatee  held  in  stdation  bj  oarbonic  acid 
or  aa  snlphatea.  In  both  oases  the  water  is  hard,  that  is,  it  reqoirei 
mnch  soap  in  order  to  make  a  lather,  becanse  an  insoluble  compound 
is  formed  by  the  union,  of  the  lime  or  magnesia  with  the  fatty  acid  of 
the  soap.  But  in  the  first  instanoe  the  hardness  is  said  to  be  Tempo- 
rary because  it  is  removed, by  boiling  the  water,  when  the  carbonic 
acid  holding  the  carbonate  of  lime  in  solution  is  driven  off  and  the 
salt  precipitated,  whereas  in  the  second  case  the  hardness  cannot  be  tlms 
removed  and  it  is  aocord'ngly  termed  Permanent  Hardness. 

In  order  to  ascertain  the  amount  of  the  hardness,  a  simple  method 
was  proposed  by  Dr.  Clark,  which  consists  in  ascertaining  how  many 
measures  of  a  standard  soap  solution  are  needed  to  form  a  lather  with 
a  gallon  of  water.  The  hardness  of  the  water  as  determined  by  this 
method  is  expressed  in  d^rees. 

With  a  few  exceptions,  the  borings  referred  to  in  the  present  report 
have  been  drilled  by  Mr.  Wallace  Bell  of  Montreal,  and  to  this  gen- 
tleman, as  well  aa  to  his  partner  Mr.  William  Bell,  we  are  indebted  for 
mnch  information  concerning  them.  We  are  also  indebted  to  the  owners 
of  the  various  wells  who  have  in  all  cases  readily  supplied  us  with  all 
the  facts  in  their  possession  oonceming  their  respective  properties.  To 
all  these  gentlemen,  as  well  as  to  Dr.  J.  T.  Donald  of  Montreal  and  to 
Mr.  John  R.  Barlow,  City  Surveyor,  we  desire  to  convey  our  most  sin- 
cere thanks,  at  the  same  time  expressing  the  hope  that  the  information 
collected  and  here  set  forth  may  be  of  service  to  them,  as  well  as  to 
others  who  may  in  future  contemplate  sinking  for  water  in  this  district. 

The  publication  of  the  work  having  been  nndertaken  by  the  Geolo- 
gical Burvey  of  Canada,  it  appears  as  a  Keport  of  this  Department. 

SOME  aUNBRAL  FAOTS  OONOBBNINQ  ABTBSIAK  WSLLS. 

Before  oonsidering  the  records  of  the  Artesian  wells  on  the  Island  Movementa  of 
of  Montreal,  it  seems  advisable  to  review  some  of  the  conditions  by  ^"dergrouDd 
which  the  occurrence  of  underground  waters  are  afi'ected.  While  it  is 
proposed  here  to  treat  of  these  conditions  only  in  a  brief  and  general 
way,  the  reader  who  wishes  further  information  is  referred  to  a  more 
extended  description  by  Prol  T.  C.  Chamberlain,  entitled  '  The  Kequi- 
site  and  Qualifying  C<Hiditions  of  Artesian  Wells  ',*  and  to  a  later 
report  by  Mr.  N.  H.  Darton,  on  '  Artesian  Well  Prospects  in  the 
Atlantic  Coastal  Plain  Region.'  t 
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la  former  timea,  before  geological  inveetigatioas  bad  led  to  a  know- 
ledge of  the  character  and  atracture  of  the  earth's  crust,  many  fan- 
tastic and  amosing  views  were  enterlcuned  concerning  the  moTemeuta 
views  of  water  beneath  the  sarface  of  the  earth.  The  origin  of  epriaga  was 
[„r.  an  especially  fruitful  source  of  speculation,  the  general  opinion  being 
'*■  that  great  boles  exbted  in  the  floor  of  the  ocean,  into  which  the  sea 
water  ran,  which  water  after  pursuing  a  devious  path  through  under- 
ground channels,  emerged  at  the  surface  of  the  land  in  the  form 
springs.  The  Maelstrom,  off  the  coast  of  Norway,  and  other  well 
known  whirlpools  were  supposed  to  owe  their  origin  to  the  rapid  down- 
ward passage  of  great  volumes  of  set  water  into  such  holes 
la  this  way  it  was  supposed  that  the  sea  was  prevented  from 
flowing,  notwithstanding  the  immen;e  volumes  of  water  which  were 
continually  poured  into  it  by  the  thousand  rivers  flowing  from  the 
land,  the  part  played  by  evaporation  io  the  case  of  the  ocean  waters 
not  being  as  yet  realized.  Many  ingenious  hypotheses  were  also  put 
forward  to  explain  the  supposed  upward  movement  of  the  water  from  the 
ocean  Into  the  hills  where  it  appeared  as  springs*  and  also  to  explain  the 
fact  tliat  spring  water  was  fresh  while  the  waters  of  the  ocean  were 
very  salt. 
B«i-  With  the  rise  of  the  science  of  geology,  however,  based  on  an  increas- 
ing knowledge  of  the  structure  of  the  earth's  cmst,  underground 
waters  came  to  be  recognized  as  having  their  source  and  origin  in  the 
rain  which  falls  upon  the  surface  of  the  earth,  while  their  perplexing 
movements  became  so  clearly  understood  that  it  was  possible  in  many 
ca^es  to  predict  where  they  existed  and  where  they  might  be  brought 
to  the  surface  by  properly  placed  borings. 

It  is  now  well  known  that  the  precipitation  in  the  form  of  rain  and 
snow  which  falls  upon  the  earth's  surface  is  disposed  of  in  three  ways  : — 
I — A  portion  of  it  drains  off  the  land,  finding  its  way  by  brooks 
and  streams  into  the  rivers  and  thus  to  the  sea. 


2 — A  second  portion  rise 
as  mists  and  clouds. 


n  vapour  and  is  returned  to  the  heavens 


UDdfrgrunnd       3 — Still  another  portion  sinks  into  the  earth's  crust  and  disappears 

Thei^r^X"     from  View. 

'Comiiare  Butler,  "  A  S»ti  re  on  the  Royal  Society"— 

"  Whst  U't  th&t  make*  all  founUins  still 

Within  the  earth  to  run  up  hill, 

But  on  the  outside  down  agsin, 

Aa  though  th'atteuipt  had  been  ia  tbid  1 " 
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The  relative  proportion  of  the  precipitation  which  is  disposed  of  in 
these  three  ways  respectively,  varies  greatly  with  the  character  of  the 
surface,  aad  the  climatic  conclitions  of  the  area  on  which  the  precipita- 
tijjQ  takes  place,  but  it  may  be  stat«(l,  speaking  very  generally,  that  in 
regions  of  temperate  climate,  about  one  third  of  the  precipitation  is 
disposed  of  in  each  of  the  three  ways  mentioned. 

That  portion  of  the  rainfall  which  sinks  into  the  earth's  crust  here 
alone  claims  our  attention.  This  water  passes  down  through  porous 
strata  or  in  cracks  and  fissures,  thus  giving  rise  to  a  system  of  subter- 
ranean water  circulation,  and  finally  comes  to  the  surface  again  at 
some  lower  level  in  the  form  of  springs,  or  passing  out  into  the  sea 
along  the  continental  margins  is  lost  in  the  waters  of  the  ocean. 

In  some  localities,  it  is  possible  by  boring,  to  tap  these  underground  Art 
water  supplies,  thus  bringing  water  to  the  surface  in  the  form  of  ^p^ 


Artesian  wells,  which  may  be  regarded  as  artificial  springs.  One 
simple  case  of  this  is  shown  in  the  drawing  presented  in  Figure  1. 
Here  certain  beds  of  differing  composition  are  seen  tnterstratiAed  with 
one  another.  The  beds  A  and  A'  are  clays  or  shales,  while  the  bed  B 
is  sand  and  gravel  or  their  more  compact  equiTalents  sandstone  and 
conglomerate.  These  rocks,  originally  laid  down  in  horizontal  beds, 
have  been  curved  by  pressure  developed  in  the  earth's  crust,  which 
curving  has  given  to  the  area  the  form  of  a  basin.  The  beds  are  tilted 
on  either  side  at  such  an  angle  that  they  are  exposed  on  the  surface 
with  the  outcropping  edge  of  B  at  a  greater  elevation  than  the  surface 
of  A.  A  and  A'  on  account  of  their  composition  and  texture,  are 
practically  impervious  to  water,  and  being  in  direct  contact  with  the 
pervious  or  porous  bed  B,  they  act  as  confining  beds  which  prevent  the 
water  which  passes  through  B  from  escaping  either  upwards  or  down- 
wards. These  three  beds  present  the  features  found  in  one  class  of 
channels  through  which  underground  water  moves.  The  water  enters 
the  bed  B  at  its  outcrops  ab  and  cd,  and  flows  down  the  dip  of  the 
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abvtniD.  It  howaver,  the  bed  B  is  tapped  at  k  point  0  b/  k  boring, 
the  water  will  rise  to  the  approximate  level  of  the  ground  wat«r  in  B 
at  ab  and  od.  The  supply  of  water  thus  obtained  will  oonatitnle  on 
orteuoa  or  flowing  well.  If,  howerer,  the  upper  bed  A,  from  eztenaive 
Assuring  or  a  aomewhat  porous  teztare,  be  not  water-tight,  the  pres- 
sure will  be  relieved  and  the  water  will  follow  the  more  easily  accessi- 
ble ohannels  through  A  to  the  surface,  thus  lowering  the  efficiency 
of  the  well  at  C.     The  head  has  in  many  iostsncee  been  so  reduced 


Figure  S.    Showing  the  iiinching  out  of  the  poroui  bed  B.    {Hodified  trom  Duton.) 

Varioai  t;pM  that  the  water  will  Dot  rise  to  the  sorfooe  but  must  be  pumped.  In 
BMth'actust  such  oases  as  these  there  must  be  a  sufficient  rainfall,  and  where  the 
srt)^?  "h^IU  ?<>""'■  ^^  B  outurops,  there  must  be  a  considerable  area  of  the  bed 
panible.  exposed.     Forinstaace,  if  the  rainfaU  is  the  same  at  both  the  outcrops 

of  B  (m  the  opposite  sides  of  the  bMin,  then  ab,  being  more  exten- 
sively exposed  than  od,  will  furnish  a  greater  snpply  of  water. 

Another  type  of  structure,  and  probably  a  more  common  one  than 
that  previously  discussed,  is  shown  in  Figure  2.  In  this  cose  there  is 
no  basin  but  a  monocline  or  a  long  atope  of  the  beds  in  one  direction 
The  porous  bed  B  thins  out  and  finally  disappears,  with  a  concurrent 
thickening  of  the  impervious  bed  A.  In  such  an  instance  a  boring  at 
C  would  be  successful,  while  at  D  no  water  would  be  obtained.  This 
structure  obtain^]  througliout  the  great  ooabtal  plain  which  forms  the 
eastern  margin  of  the  United  States,  from  New  Jersey  southward,  and 
from  it  immense  supplies  of  artesian  water  ore  obtained. 

Again,  the  character  of  the  surface  drainage  may  be  such  as  to 
interrupt  the  passajie  of  underground  waters,  as  shown  in  Figure  3, 
where  a  cross  valley  interrupts  the  water-bearing  stratum.  Little  or 
no  water  would  be  obtained  at  B,  while  at  A  on  the  lower  side  of  the 
valley  a  suocessful  well  might  be  sunk.  The  water  in  the  upper  part 
of  the  bed  about  B  would  escape  and  probably  form  springs  along  the 
valley  side  at  C.  This  is  a  condition  frequently  met  with  along  the 
western  border  of  the  coastal  plain  in  Maryland  and  southern  Yir- 
ginia. 
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Another  case  which  is  sometimeB  found  U  iUostrated ,  by  Figure  4. 
Here  the  water-bearing  zone,  instead  of  being  broad  uid  oontiauoiM,  is 
broken  up  into  several  narrow  beds,  which  are  flatly  lenticular  in  cross 
section.  Boring  would  give  satisfactory  reeults  at  C,  but  negatlye 
cmesatD. 


Fipire  3.    Showing  effect  of  lurfooe  drBjnsge  oD  ft  porous  bed.    (After  Dftrton. ) 


Many  other  types  of  oDderground  drainage  might  be  mentioned,  but 
tiie  above  will  suffice  to  explMn  the  main  condittons  whicb  aBect  un- 
derground waters  traversing  porous  beds. 


Figure  4.    Showing  the  diwontinait;  of  the  poroui 


(Modified  from  Duton.) 


Artesian  waters  have  however  sometimes  been  obtained  in  districts 
which  are  underlain  by  rocks  of  a  more  massive  character  than  those 
which  we  have  been  considering,  such  as  compact  limestones,  granitic 
rocks  and  crystalline  sohiste.  The  underground  water  in  theso  cases 
flows  through  cracks  and  fissures  and  not  through  porous  beds.  This 
type  of  subterranean  conditions  is  rudely  represented  in  Figure  6, 
where  the  rocks  at  A  are  massive  and  crystalline,  overlain  by  com- 
pact limestonee,  B.  The  gathering  ground  is  the  outcrop  of  these 
rocks  at  a,  b,  o,  and  the.  irregular  lines  indicate  the  courses  of  the  sub. 
terranean  water  circulation  which  takes  place  through  fissures.  The 
supply  of  water  in  this  case  will  not  depend  upon  the  aanount  of  rain- 
fall alone,  but  will  be  influenced  by  the  extent  of  the  subterranean 
erosion  which  the  country  has  undergone,  by  which  the  fissures  and 
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joint  planes  h&ye  been  CDlarged  and  deepened,  so  u  to  permit  the 
passage  of  large  qnantitiea  of  water  along  their  course.  In  this  iuBtance 
a  well  sunk  at  C  would  tap  one  of  an  upper  seriee  of  figures,  and  the 
capacity  of  the  well  would  be  furthbr  increased  if  the  boring  were 
extended  to  the  lower  level  at  C\  On  the  other  hand,  the  boring  at 
D  would  misa  the  water-bearing  fissures  by  perhaps  only  a  few  feet 
and  would  consequently  be  dry,  as  would  also  that  at  F.  At  E  water 
ia  obtainc'd  from  a  lower  series  of  fis-turei.  The  materials  held  in 
solution  by  the  water  in  such  a  district  would  probably  vary  consider- 
ably, the  variation  depending  upon  whether  the  source  of  supply 
was  in  the  crystalline  rocks  or  in  the  limestone,  as  well  as  on  the 
length  of  the  underground  channel  through  which  the  water  had  passed. 


Underiiriiiii 
waters  flow 
through 


Fipiri'  5.    Sliowiijg  tlie  cmirw  of  imdergroiind  watrm  along  fi»rare«. 

In  Figure  5  the  lower  water-bearing  fissures  heading  in  the  crys- 
tallines would  probably  contain  soft  water  and  rising  directly  through 
the  limestoues  at  E  would  be  little  influenced  by  the  character  of  the 
latter  rock.  This  would  serve  to  account  for  soft  water  when  found  in 
limestone  districts.  On  the  other  hand,  underground  channels  heading 
in  the  limestone  or  traversing  that  rock  for  long  dtstanoes  would  pro- 
bably be  hard  and  perhaps  aUo  saline  or  sulphurous.  The  well  at  C 
would  supply  such  a  water.  If,  however,  the  well  were  deepened  to 
C,  a  composite  water  derived  partly  from  the  lower  set  of  fissures  and 
partly  from  the  upper  would  be  obtained. 
)  Id  the  case  of  waters  whose  underground  fiow  is  through  Assures,  a 
^  great  variation  must  always  be  looked  for  in  the  height  bo  which  the 
waters  will  rise,  not  only  in  adjacent  holes  tapping  different  seta  of 
ftsanres  whose  gathering  grounds  may  be  at  very  diflferent  elevations 
above  se%  level  (as  a,  b,  and  b,  c,  in  Figure  5),  but  also  in  holea 
which  tap  different  Sasures  of  the  same  series.  It  will  thus  be  seen 
that  in  such  an  area  no  definite  predictions  can  be  made  concerning 
the  finding  of  wat*r,  owing  to  the  irregularity  in  the  course  of  the 
water-bearing  fissures.     Even  if  the  fissures  be  only  a  few  feet  apart 
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the  DOmber  of  muaoceaafal  wells  will  still  be  Urge.  Bat  in  the  OMe 
of  dry  wells,  as  D,  it  might  be  poenble  by  shattering  the  wall  rock  *t 
■ome  point  Klong  the  oonne  ot  the  bore  h<de,  making  nee  of  explo- 
dvea,  to  open  np  a  eoDunaniofttJOD  with  ■ome  adjacent  fissure  and  thtu 
Moure  a  supply  of  water. 

A  striking  exunple  of  waters  occurring  in  this  manner  is  a&brded 
b;  the  islands  off  the  ooast  of  Norwaj.  From  the  old  crystalline 
country  rock  there,  large  supplies  of  water  are  in  many  places  obtained 
by  putting  down  deep  bore  holes  which,  meeting  underground  fissures 
through  which  water  is  passing,  afibrd  a  passage  for  the  water  to  the 
surface. 
GonditioM  Figure  0  also  illustrates  in  a  general  way,  as  will  be  shown,  the 

Ser^^el^ud  underground  conditions  which  prerail  on  the  Island  of  Montreal  where 
of  McmtreaL  (he  (^q^^  holes  are  put  down  in  hearily  bedded  limestones  and  where 
no  constant  and  definite  water-bearing  horizons  have  as  yet  been 
reached.  A  further  complexity,  howerer,  is  introduced  in  this  district 
by  the  existence  of  Mount  Boyal,  the  root  of  an  old  voloan<^  which, 
with  the  swann  of  dykes  or  walls  of  igneous  rock  connected  with  it, 
serves  to  make  the  conraeof  the  underground  waters  still  moredevions. 
How  abundant  these  walls  of  impervious  rock  realty  are  and  in  what 
a  complicated  mesh-work  tbey  traverse  the  limestone  strata  of  the 
district  may  be  seen  in  Figure  6  taken  from  a  surrey  of  the  floor  of 
the  newer  portion  of  the  McTavish  Street  reservoir,  made  by  Dr.  B. 
J.  Harrington,  many  yean  since,  when  the  reservoir  wu  being 
enlarged.  These  dikes  are  found  in  almost  every  quarry  and  rock- 
cutting  on  the  island,  and  may  be  seen  in  great  numbers  on  St.  Helens 
island  and  in  the  bed  of  the  St.  Lawrence  at  Point  St.  Charles  when 
the  water  is  low. 
A  true  arte-  The  term  "  Artesian  well "  is  properly  speaking  used  only  to  designate 
nmit*Boir  *  ^^'  which  flows,  without  being  pumped,  the  term  being  derived  from 
the  French  proviuoe  of  Artoia  where  wells  of  this  nature,  put  down  in 
the  12thcentury,  first  attracted  widespread  attention  in  Europe.  Similar 
wells,  however,  had  long  before  been  known  in  China,  while  others  in  the 
Libyan  desert  are  believed  to  be  not  less  than  4,000  years  old.  In  foot 
there  are  few  parts  of  the  world  where  the  geological  conditions  are  better 
suited  to  Artesian  boring  or  where  more  abundant  supplies  of  water 
can  be  bad,  than  over  a  great  part  of  the  North  African  desert.  Under 
the  burning  sand  here,  at  a  depth  of  300-400  feet,  there  are  abundant 
supplies  <ft  water  running  through  pervious  sandy  strata  from  the 
richly  watered  district  of  the  Soudan  to  the  south,  but  held  down  by 
an  impervious  limestone  cover.     It  is  only  necessary  to  pierce  the 
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latter  to  obtain  for  the  water  a  passage  to  the  snrfaoe,  and  tbe  French 
engineers  have  turned  great  stretchee  of  the  desert  into  cultivated  land 
bj  water  obtained  in  this  way. 

Of  recent  years  the  Oeologioal  Surrey  of  the  United  States  has  Arteeiftn  welli 
devoted  a  great  deal  of  attention  to  tbe  subject  of  Artesian  water  and  ^^(^ 
immense  supplies  of  excellent  quality  have  been  obtained  in  many  parte 
of  the  Union  to  tbe  great  benefit  of  its  inhabitants.  In  New  South 
Wales,  Queensland  and  other  parts  of  Australasia  also,  search  for  Ar- 
tesian water  has  resulted  in  seonring  immense  supplies,  and  through- 
out the  world  generally  attention  has  been  strtmgly  directed  to  this 
sooroe  of  one  of  the  chief  requirements  of  life. 

The  force  with  which  the  water  issues  from  an  Artesian  well  and 
the  height  to  which  it  will  rise  above  the  surfaoe,  is  dependent  of 
course  upon  the  height  of  the  gathering  ground  above  the  level  of  the 
top  of  the  boring.  Other  things  being  equal,  the  greater  the  diffe- 
rence in  level  the  higher  will  the  water  rise.  In  the  case  of  certain  of  Knonnoui 
the  Artesian  wells  on  the  plains  of  Dakota,  where  the  water  has  its  wells. 
source  in  the  Black  Hills  and  the  Rocky  Mountains,  the  water  issues 
with  a  pressure  of  as  much  as  177  lbs.  jwr  square  inch.  One  Artesian 
boring  at  Woonsocket,  South  Dakota,  throws  a  3  inch  stream  to  a 
height  of  97  feeL  In  many  ports  of  this  field  the  waters  are  known 
to  run  in  the  porous  subjacent  beds  for  several  hundred  miles  before 
being  brought  to  the  aurfaoe.  There  are  many  Artesian  wells  in 
various  parts  of  the  world  which  yield  half  a  million  to  a  million  gal- 
lons of  water  every  24  hours,  whOe  soma  of  the  great  Queensland  wells 
yield  2,000,000,  3,000,000  and  even  4,000,000  gallons  per  diem.  This 
yield,  however,  is  exceptional. 

In  the  ease  of  many  wells  the  pressure  is  barely  sufficient  to  cause  Moat  uf  the 
an  overflow,  while  again  in  many  instances   wells  must  be  pumped  in  „^  TequtM 
order  to  bring  the  water  to  the  surface.    Welb  of  this  last  class,  while  *"  ^  pumped, 
often  yielding  an  abundant  supply  of  water,  are  not  properly  speaking 
Artesian  wells,  and  to  this  class  belong  almost  all  the  wells  in  the 
Island  of  Montreal,  only  six  of  the  eighty-nine,  above  mentioned,  being 
actually  flowing  wells,  although  in  many  of  them  the  water  rises  to 
within  a  few  feet  of  the  surface. 

The  water  pressure  naturally  shows  a  marked  tendency  to  become 
lowered  when  a  large  number  of  wells  are  bored  in  a  limited  area, 
especially  when  the  water  is  derived  from  a  porous  bed  of  limited 
thicknees.  Thus,  in  London,  England,  where  originally  the  water 
roee  above  the  surface  in  all  borings  put  down  on  the  lower  grounds 
of  the  valley  of   the  Thames,  now,  owing  to  the  multitude  of  deep 
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wells  irhich  have  been  sunk,  the  inflow  of  surface  water  caonot  keep 
pace  with  the  qaaatitj  removed  by  pumpiag,  aad  coDBeqaeatly  the 
water-level  has  been  lowered  to  such  an  extent  that  it  now  Btandft 
about  100  feet  below  the  surface  of  the  Thames.  Another  strikinf; 
instance  is  afforded  bj  the  area  on  which  stands  the  oitj  of  Denver, 
Colorado.  Here,  the  first  Artesian  well  was  sunk  in  18S3. 
Frenure  luw-  "  The  flow  yielded  by  the  first  well  was  so  large,  and  the  water  was 
muy  weltH     ^^  Bncb  superior  quality  for  domestic  use,  that  other  wells  were  put 


le  <li»trict. 


down  with  great  rapidity.  TLere  are  now  (1689)  in  the  city  and  its 
vicinity  about  300  wells.  Many  of  the  first  wells  bad  sufficient  pres- 
sure to  force  the  water  into  tanks,  or  to  the  tops  of  the  highest  build- 
ings ID  the  city,  but  as  the  number  of  wells  was  increased  the  pressure 
and  flow  of  the  older  wells  began  U>  diminish,  and  fiodlly  in  the  region 
where  they  are  uioat  closely  grouped  they  have  failed  to  furnish  water 
without  the  aid  of  pumps.  Outside  the  region  of  closest  grouping  both 
pressure  aod  flow  have  been  diminished,  but  not  to  so  great  aa  extent. 
Deep  wnlls  are  still  bored  at  Denver,  but  not  with  the  expectation  of 
obtaining  an  Artesian  flow.*  " 
Ch&r«ct«T  of  Artesian  water  has  comparatively  little  value  unless  it  be  fresh  and 
artMUQ  w»t«r  g^g^j^  |jyj  j^  many  cases  the  water  obtained  from  Artesian  borings  is 
saline  and  not  potable.  In  other  cases  Artesian  waters  are  very  hard 
owing  to  a  large  content  of  lime  salts.  This  arises  from  the  fact  that 
the  waters  have,  during  their  underground  journeys,  passed  through 
beds  containing  salt,  gypsum,  limestone  or  other  soluble  materials  and 
have  taken  these  into  solution.  In  some  cases  also  the  waters  have 
penetrated  into  the  earth's  crust  to  such  a  depth  that  they  have  become 
heated  by  increased  proximity  to  the  central  portion  of  the  earth,  and, 
rising  again  to  the  surface,  produce  warm  springs.  These,  as  well  as 
many  cold  waters,  frequently  contain  mineral  matters  in  solution 
which  are  distinctly  beneficial  and  not  harmful,  and  thns  the  mineral 
waters,  so  largely  used  for  medicinal  purposes,  result. 

In  the  case  of  the  district  about  Montreal,  as  will  be  shown,  all 
these  classes  vt  waters  have  been  obtained  by  deep  borings,  although 
the  water  has  not  penetrated  into  the  earth's  crust  in  any  case  to  a 
sufficient  depth  to  be  noticeably  warm  when  it  rises  again  to  the 
surface. 


*  Evidfiiceor  the  DirpcCar  of  the  VniUidSt&teB  Geological  SuTTci;  before  the  oom- 
mittee  of  the  House  of  Reiirewntativee  on  IrrifcatJon,  Peb.  27tb,  1S90.  Eleventh 
Anuukl  Report,  U.  S.  Ueal  Survey,  pt  3,  p.  S6S.    Wa^ington  1891. 
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SKETCH  OF  THE  GEOLOOy  OF  THE  MONTREAL  DISTRICT. 

In  the  area  embraced  by  the  aocompanyinfr  eeolocical  map  of  the  CoiuUto  of 
,,  1   ,.      .         ,  ,..,?..     .,  ,  two  diMimilw 

juoatreal  district,  there  are  two  distinct  and  dissimilar  tracts  of  coud-  incts  of 

try,  each  constituting  a.  well-marked  topographic  facet  or  belt ;  these  ''™"'^r- 

are  the  I^nreiitian  plateau  to  the  north-west,  composed  of  very  ancient 

crjatalliDe  rocks,  and  the  Palieozoic  plain  to  the  south.     These  two 

facets — only  small  parts  of  which  are  included  in  this  map — have  a 

wide  development  in  Canada. 

Hie  Laurentian  plateau  extends  from  Labrador  south-west  to  Lake 
Superior,  and  thence  northward  to  the  Arctic  Ocean,  and  has  an  area 
of  over  2,000,000  square  milee.*  The  plain  bounded  on  the  north  bj 
this  plateau  stretches  from  the  Notre-Dame  mountains,  in  Quebec,  to 
Lake  Huron  and  southward  into  the  TTnited  States.  The  Laurentian 
plate&a  is  a  rolling,  comparatively  hilly  and  rugged  country.  That 
portion  of  it  embraced  withio  the  limits  of  the  accompanying  map  rises 
abruptly  from  the  plain,  the  elevation  becoming  gradually  greater  on 
going  to  the  north.  At  the  north-west  corner  of  the  map  it  has  an  £lev*tioiu 
average  elevation  of  about  600  feet  above  sea-Ievel,  while  15  milee 
further  north  the  average  elevation  reaches  1,000  feet,  and  25  miles 
still  further  north  the  country  frequently  attains  aa  elevation  of  1900 
feet,  while  some  hills  rise  still  higher  ;  the  moat  notable  of  these  is 
Trembling  mountain  the  summit  of  which  is  2,380  feet  above  the  sea. 
The  valleys  are  more  or  less  filled  with  drift  and  in  the  hollows  are 
Dumerons  lakes,  the  abundance  of  the  latter  being  one  of  the  most 
characteristic  featuren  of  the  Laurentian  highlands. 

The  Paleozoic  plain  is  flat  and  thus  offers  a  strong  contrast  to  the 
ti^)ogr&phy  of  the  plateau.  The  average  elevation  in  the  vicinicy  of 
Monbreal  is  about  100  feqt  above  sea-level,  but  there  is  a  gentle  rise 
towards  the  north-west,  which  gives  the  plain  at  its  junction  with  the 
plateau  an  elevation  of  about  300  feet.  The  whole  area  is  driftrcovered 
and  forms  farming  lands  of  exceptional  fertility. 

The  continuity  of  the  plain,  within  the  area  of  the  map,  is  broken  Mont  Cal- 
only  by  Mont  Catvaire  at  Oka,  and  by  Mount  Royal,  rising  behind  Mount  Ro;al. 
the  oity  of  Montreal.     The  former  is  an  outlier  of  the  laurentian  pla- 
teau— an  ancient  island  in  the  Palteozoic  sea — and  has  an  area  of 
about  30  squaro  miles,  while  the  latter  is  the  most  westerly  of  a  line 
of  old  volcanoes  and  laocolites,  known  as  the  Montor^ian  Hillsf, 

*  See  4.  W.  G.  Wilson :  The  LsurwitUn  Penepl&in.  Journal  of  Oeolaffj,  October 
•od  November,  1903. 

1 7.  D.  Adunn :  The  Honterefpoii  Bill* ;  &  OMudian  Fetragrkphical  Pravince. 
Journal  t^f  Orotoirt',  April,  1903. 
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which  cut  the  PalcoKoic  rocks  of  the  plaia.  In  the  following  brief 
deacriptioD  of  the  geology  of  the  Uontreal  district  only  the  ulient 
points  concerning  the  different  formations  will  be  noted,  the  reader 
being  referred  for  more  extended  descriptions  to  the  reports  mentioned 
in  the  foot-note.* 

THB  LAURBNTIAN  PLATBAU. 

This  plateau  is  composed  of  a  great  complex  of  rocks,  mainly  of 
igneous  (plutonic)  origin,  ruch  as  granites,  syenites,  gabbroa,  etc., 
but  alw  comprises  some  of  the  most  ancient  sediments  of  the  earth's 
crust,  Since  their  formation  these  rocks  have  suffered  great  alteration, 
being  now  folded,  contorted,  crushed  and  recrystallizt^.  The  thenuo- 
dynamic  forces  have  destroyed  their  original  structure,  and  substituted 
for  it  a  banded  or  schistose  character.  These  metamorphic  rocks  are 
termed  gnei-ses  and  schists,  the  designations  being  modified  to  indicate 
the  composition  of  the  particular  rock  under  consideration ;  for  ex- 
ample, granite  gn  iss,  mica  schist,  amphibolite,  etc. 

The  hif;hly  altered  sediments  folded  in  with  these  igneous  rocks 
belong  to  vhat  is  termed  the  tirenville  seriea  They  consists  of  beds 
of  rusty -weathering  gneisses,  impure  crystalline  Umestones,  garnet 
rock,  amphibolites  and  quartzitea,  corresponding  respectively  to  the 
shales,  limestones,  calcareous  shales  and  sandstonea  of  unaltered  sedi- 
mentary strata.  This  series  is  very  important,  not  only  as  represent-, 
ing  some  of  the  very  earliest  sedimenls  on  the  surface  of  the  earth, 
but  because  of  the  many  minerals  of  economic  value  which  it  contains. 

Subsequent  to  the  Orenville  period,  but  still  in  Laurentian  time, 
there  was  a  great  development  of  igneous  activity  along  the  soathem 
edge  of  the  plateau,  and  great  masses  of  anorthosite  were  intruded  in 
the  above-mentioned  series.  Portions  of  these  are  shown  on  the 
accompanying  map,  at  New  Glasgow,  St  J£r6me  and  in  Sb  Colombao, 
respectively.  Anorthosite  ia  a  gabbro  made  up  almost  wholly  of 
Labrador  feldspar.  A  later  series  of  intrusions  is  represented  by  the 
numerous  dykes  which  cut  ail  these  older  rocks.  These  dykes  are 
chiefly  diabases  and  are  pre-Fotsdam  in  age  and  are  thus  quite  distinct 
in  character  and  age  from  those  connected   with  the  intrusions  of 

*  Geology  of  Canada,  1863.    Cha[».  3,  4,  5,  6.  7,  8,  8,  10  and  13. 

K.  W.  KIIb  :  Re|>ort  on  a  PortioD  of  the  FroriDO«<  of  Quebec  oompTund  in  the 
south-west  (beet  of  the  Eutem  Townahipa  Geological  Sarrer  of  Csnsds,  Vol.  VII, 
1896;  pp.  44-SO,  74-75,  80-86. 

F.  D.  Adamn  ;  Geolog?  of  a  Portion  of  the  LauMntian  Area  iTing  to  the  north 
of  the  Island  nf  Montreal.    Gnol.  Survey  of  Canada,  1897 ;  Part  J. 
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Mount  Royal.  This  plateau,  composed  of  craytalline  rooks  of  Lauren- 
tiaa  sge,  was  part  of  the  primitive  contaneat  of  North  America  and 
formed  one  of  the  nuclei  about  which  the  contiaent  as  now  seen  was 
built  up. 

TBE  PAL^OZOIO  PLAIN. 

At  the  beginning  of  the  Lower  Silurian  era  of  Palieozoic  time  the 
Laurentian  plateau,  standing  at  a  certain  elevation  above  the  sea 
which  then  covered  the  plain,  was  acted  upon  by  the  various  agents  of 
erosion  and  decay,  both  sub-aerial  and  marine.  The  occuinulatioD  of 
debris  derived  from  the  waste  of  the  Laurontian  continent  was  assorted 
by  the  waves  and  deposited  in  the  sea  along  the  flanks  of  the  primitive 
oontjnent.  Thus  a  series  of  stratified  rocks  was  laid  down  on  the  sea 
floor,  and  on  these  other  sediments  from  the  ocean  were  subsequently 
deposited,  forniing  what  is  known  as  the  Lower  Silurian  or  Ordovician 
system.     These  rooks  underlie  the  plain. 

The  formations  of  the  Lower  Silurian  are  the  following,  enumerated  PolMoioio 
,.  ,  fonnatimu. 

in  ascending  order  : — 

Potsdam  Sandstone. 

Calciferoua  Sand -rock. 

Chazy  Limestone. 

The  Trenton  Group — consisting  of  limestones. 

ITtica  Shale. 

Lorraine  (Hudson  River) — consisting  of  shales  and  sandstones. 

Potadam  Sandstone. 


Arohtean  floor.  It  is  represented  in  type  by  the  modem  sand  and 
gravel  deposits  which  flank  our  coasts.  Its  lowest  members  are  beds 
of  conglomerate,  holding  pebbles  of  Laurentian  gneisses  and  qnart- 
zites.  These  beds  pass  upwards  into  evenly  stratified,  fine-grained, 
and  very  quartzose  sandstoaes.  It  is  distinctly  a  shallow  wator 
formation  and  many  layers  show  false  bedding,  ripple  marks,  with 
tracks  and  burrows  of  animals  which  crawled  upon  the  shallow  sea  ' 
bottom  or  borrowed  in  the  sand.  The  formation  in  this  district  flanks 
the  Laurentian  plateau,  first  as  a,  narrow  band,  which,  broadening  out 
in  its  southern  extension,  embraces  the  old  island  of  MontCalvaire 
And  extends  southward  into  the  conntiee  of  Yaudreuil,  Soulaoges  and 
Beauharnois.  He  Ferrot  is  wholly  underlain  by  the  Potsdam  and 
14_o— 2J 
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there  are  small  exposaree  oa  th«  IsUnd  of  Montreal  at  Ste.  Anne  de 
Bellevue,  where  fine  worm  burrowB  and  ripple  marks  are  to  be  seen  in 
the  nearly  horimatal  beds.  The  thickneas  of  the  formation  varies  from 
300  to  700  feet. 

OalolferouB  Sand  Book. 

A  slow  sinhing  of  the  Laurentian  plateau  waa  in  progress  from  the 
beginning  of  the  Potsdam  period,  and  as  a  oonsequence,  the  eaooeeding 
formation,  the  Oalciferous,  representing  deeper  water  conditions,  imme- 
diately overlies  the  Fotadam,  the  two  being  united  by  transitional 
b*d8,  so  that  the  lower  formation  insonaibly  graduates  into  the  apper. 
Marine  life  was  more  abundant  daring  this  period,  as  evidenced  by 
the  number  of  fossils  inoloeed  in  the  Calciferoua.  Gastropods  (sea 
snails),  Cephalopods  (ancient  types  of  devil-  or  cuttle-fish),  and  many 
forma  of  Bracbiopoda  found  a  suitable  environment  in  the  calm  waters 
of  the  Calciferons  sea. 

The  rock  iteelf  varies  somewhat  in  charactei;,  but  usually  is  a  gray- 
ish, semi-crystalline  dolomite  or  magnesian  limeetone,  which  is  gene- 
rally arenaceous  or  siliceous  and  occasionally  argillaceous.  In  many 
instances  it  holds  geodee  of  quartz  and  calcite,  and  irregular  streaks 
and  patches  of  black  chert. 

In  horizontal  distribution  it  sncoeeda  the  Potsdam,  forming  a  second 
belt  along  the  margin  of  the  old  continent,  and  is  well  developed  in  the 
counties  of  Terrebonne,  T^ro  Mountains,  and  on  the  north-west  side 
of  lie  Jdens,  the  west  ends  of  He  Bixard  and  the  Island  of  Montreal,  and 
south  of  Lake  St.  Louis  and  in  the  oonnty  of  Beauhamois.  From 
Burhcemeasarements  the  thickness  of  the  formation  seems  to  vary  from 
300  to  450  feet. 

Obasy  Limestone. 

In  the  Chazy  time,  with  a  farther  deepening  of  the  sea,  the  conditions 
beoame  more  truly  oceanic,  and  there  was  consequently  a  great  deve- 
lopment of  marine  life,  particularly  of  the  Brachiopoda,  These,  ti)roagb 
the  accumulation  of  their  shells,  built  op  extensive  beds  of  limestonei 
many  of  the  latter  oonsisting  almost  wholly  of  the  shells  of  a  single 
species,  Rhynoonella  plena. 

The  formation  is  represented  by  granular,  semi-orystalline  light  and 
dark  gray  limestones,  made  up  in  great  part  of  shells  and  their  com- 
minuted fragments.  Interstratifled  with  the  limestone  beds  are 
occasional  shaly  layers  which  indicate  the  influx  of  muddy  waters 
into  the  prevailingly  clear  waters.     In  geographical  distribution  the 
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formation  appeore  as  a  tikrrov  sinuous  band  following  the  Calciferous 
and  which  broadens  oat  as  it  orossee  the  middle  of  lie  J6saa  and  the 
Island  of  Moatreal.  From  the  sonthwest  end  of  He  J^ns,  another 
body  passes  across  He  Bixard  and  the  west  end  of  the  Island  of  Mon- 
treal, and  bhence  passiag  beneath  the  waters  of  Lake  St.  Louis  oocapies 
at)  area  esteading  from  Chateauguay  and  Caughnawaga  to  the  southern 
limit  of  the  map.  The  field  relations  give  the  Chazj  a  thickness  of 
about  300  feet. 

Trenton  Oroup. 

The  Trenton  group,  into  which  the  Chaz    insensibly  merges,  consists  Trenton 
of  three  divisions  which,  in  ascending  order,  are  known  as  the  Bird's  ^^"P- 
Eyey  Black  River  and  Trenton  formations.     As  the  Bird's  Eye  and 
Black  River  divisons  are  not  espeoially  well  developed  in  the  vicinity 
of  Montreal,  no  attempt  has  been  made  to  separate  them  in  mapping 
and  hence  the  whole  group  is  represented  by  one  colour. 

The  Trenton  is  one  of  the  most  persistent  and  oonepicuously  marked 
series  of  strata  of  the  Lower  Silurian  in  North  America,  and  judging  from 
the  abundance  of  the  remains  of  marine  invertebrate  life  this  period 
evidently  represents  long  continued  and  truly  oceanic  conditions,  the 
waters  being  clear  and  probably  warm.  In  addition  to  nnmerons 
representatives  of  previously  mentioned  marine  hmilies,  Trilobites  and 
,  Corals  flourished,  the  latter  especially  giving  rise  to  great  beds  of  lime- 
stone. 

The  rock  is  usually  a  granular,  semi-crystalline,  dark  gray  limestone, 
more  or  less  bituminous,  and  contains  a  variable  amount  of  argilla- 
ceous (clayey)  material.  In  many  instances  the  limestone  beds  are 
separated  by  tbin  partings  of  shale,  these  being  thicker  and  more  pro- 
nounced at  the  top  of  the  series  where  the  Trenton  passes  into  the 
Utica  formation. 

The  Trenton  group  runs  in  a  rather  brood  band  from  L'Assomption 
to  south  of  the  St.  Lawrence.  It  is  extensively  developed  in  the  vici- 
nity of  Montreal,  and  immediately  underlies  the  city.  In  the  district 
about  Uoutreal  it  was  supposed  by  Logon  to  have  a  thickness  of  about 
600  feet 

trtloa  Sbale. 

The  marine  conditions  prevailing  in  the  Trenton  were  succeeded  in  utioa  ebtle 
Utica  times  by  a  gradual  elevation  of  the  sea  bottom,  and  the  clear 
deep  water  of  the  former  period  became  shallow  and  muddy.     This 
change  of  conditions  was  not  favourable  to  the  existence  of  those  forms 
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uf  life  which  tloumhod  in  the  Trentoii,  conBeqnentljr  they,  for  the  moat 
part  diuppeared,  their  place  being  taken  b;  forms  of  life  adapted  to 
oold  aad  mnddy  waters.  The  Utica  formation  conaisto  of  thinly 
laminated  black  and  browoiih  black  shales  often  bituminous  and  whijh 
are  very  brittle,  usually  breaking  up  where  exposed  to  the  weather 
into  small  thin  fragmenta.  The  formation  occurs  only  in  the  eastern 
part  of  tho  are«  embraced  by  the  accompanying  map,  following  the 
oonrse  of  the  River  St.  l^awrenoe.  On  the  Island  of  Montreal  it 
extends  from  Verdun  to  Point  St.  Charles.  There  is  also  a  small 
area  at  the  north  end  of  the  island.  It  nnderliee  the  barboar 
of  Montreal  and  forms  the  soath  end  of  St.  Helens  island.  Its  maxi- 
mum thicknees  is  about  300  feet. 

Hudson  River  or  Lorraine  Shale. 

HudioD  River      The  Ulica  formation  passes  upwards  into  the  leas  bituminous  and 

^     ''  sandy  shales  and  the  thinly  bedded  sandstones  of  the  Lorraine.     The 

conditions  of  deposition  must  have  been  somewhat  similar  to  those  of 

the  Potsdam   period,  except  that  the  sands  were  mixed    with    day 

instead  of  being  purely  arenaceous. 

The  Lorraine  has  a  thickness  of  about  2000  feet  and  is  developed 
along  the  extreme  eastern  margin  of  the  map. 

These  lower  Silurian  formations,  from  the  Potsdam  to  the  Lorraine 
in  this  area,  have  l»en  but  little  disturbed.  Over  the  greater  part  of 
the  area  they  either  retain  their  original  horizontal  position,  or  dip  to 
the  south-east  at  a  tow  angle,  seldom  exceeding  5  degrees,  The  Chsizy 
and  Trenton  on  IleJ^ansand  Montreal  island,  however,  display  a 
low  anticlinal  arch,  the  axis  of  which  runs  north-weet  from  Mount 
Royal.  This  is  traversed  by  two  others,  one  on  each  of  the  islands, 
with  axes  almost  at  right  angles  to  the  main  anticline. 

Another  anticline  with  an  axis  running  north  23  decrees  west  is 
seen  in  the  western  portion  of  the  area,  the  central  part  or  dome  of 
which  is  occupied  by  the  Arcbean  outlier  of  Mont  Oalvaire.  Between 
Mont  Calvaire  and  the  border  of  the  Laurentian  plateau,  the  outcrop 
of  the  Potsdam  and  Catciferous  gives  to  the  former  the  outline  <^  an 
hour-glass. 

The  IffneouB  Intrualona  of  Mount  Royal. 

Meant  RojaL  During  the  Devonian  or  post- Devonian  time  tliat  part  of  the  Palteozoic 
plain  in  the  vicinity  of  Montreal  was  the  scene  of  great  volcanic  acti- 
vity, the  present  evidences  being  the  line  of  igneous  hills  which 
extend  from  SheSbrd  to  Mount  Royal.     These  hills,  greatly  redaoed 
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in  size  and  repraseating  merely  roote  of  the  original  volcanoes  or  in 
some  coaea  nncorered  laooolites,  bj  reason  of  the  flatness  ot  the  plain, 
form  striking  topograpfaio  features,  and  are  locally  known  as  mountains. 

The  igneous  mass  of  Mount  Royal  occupies  an  area  of  about  one  Rwexite  and 
and  a  half  square  miles,  and  is  surrounded  by  the  Trenton  limestone,  Syenite 
through  which  it  has  broken,  and  which  by  it  has  been  in  many  places  I°'™bk"»- 
altered  to  marble.  The  main  part  of  the  mountain  is  composed  of 
Essexite,  a  plutonic  rock  composed  essentially  of  plagioclase  feldspar, 
augite  and  bontblende,  with  a  little  nephcline.  Olivine  is  in  some 
places  present  as  an  acceasory  constituent.  This  Essexite  was  snbs&- 
qnantly  cut  through  by  a  later  intrusion  consisting  of  Nepheline 
syenite,  a  rock  which  is  genetically  related  to  the  former  and"  which 
consists  essentially  of  orthoclase  feldspar,  nepheline  and  hornblende. 
It  represents  a  more  acid  phase  of  the  original  magma.  The  Xepbeline 
syenite  appears  as  a  comparatively  broad  band  along  part  of  the 
north-west  flank  of  the  mountain.  This  intrnaion  is  quarried  at  Ou 
tremont  for  road  meUl  and  is  o!  particular  interest  in  that  it  has 
furnished  a  number  of  rare  minerals,  that  most  recently  discovered 
being  Native  Arsenic'* 

Associated  with  these  intrusions  is  a  great  swarm  of  dykes,  that  is  Dyke*  And 
to  say,  more  or  less  8t«eply  inclined  or  vertical  walls  ot  igneous  rocki 
which  out  both  the  Easexite,  Nepheline  syenite  and  the  surrounding 
stratified  rocks  in  all  directions.  There  are  also  numerous  sills  oraheets 
of  the  same,  intercalated  between  the  beds  of  the  stratified  rocks. 
These  dykes  and  sills  consist  of  a  complete  series  of  those  rarer  varie- 
ties of  dyke  rocks  which  belong  to  the  Nepheline  syenite— Essexite 
magma  and  which  are  known  as  Bostonite,  Camptonite,  Alnoite,  Tin- 
gnaite,  etc.  They  are  related  genetically  to  the  former  intrusives  and 
represent  the  closing  stage  of  the  volcanic  action.  The  dykes  may 
be  seen  in  almoet  all  large  exposures  of  rock  in  the  vicinity  of  Mon- 
treal, as  for  instance  in  Mount  Koyal  Park,  the  Corporation  Quarry  at 
Ontremont,  the  Mile  End  Quarry,  or  on  St.  Helens  island. 

The  most  westerly  representative  of  this  series  of  igneous  rocks,  con- 
nected with  the  volcanic  centre  of  Mount  Royal,  is  found  on  the  south 
east  flank  of  Mont  Calvaire.  Its  relations  to  the  moss  are  not  well 
seen,  but  it  is  either  a  broad  dyke  or  a  sill  which  cuts  through  the 
massive  crystalline  limestone  of  the  I^urentian  on  the  north  and  a 
body  of  p^matite  on  the  south  ;  the  intrusion  in  each  case  running 
into  the  wall-rock  and  holding  an  immense  number  of  included  frag- 
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meats.  Ihe  rock  b«ara  a  marked  resemblance  to  th&t  of  the  well- 
known  occurrence  of  tlnoito  which  is  found  as  a  dyke  cutting  the 
Potsdam  sandstone  at  the  bottom  of  the  Ottawa  river  opposite  Ste. 
Aitne  de  Belle  vae.* 

Id  order  to  show  how  nnmerous  these  dykes  «re  in  certain  places 

about  Montreal  and  the  complicated  manner  in  which  they  cut  one 

another,  there  is  presented  in  Figure  6,  a  small  scale  map  af  an  area 

now  covered  by  the  waters  of  the  Montreal  Bessrvoir  on  McTavish 

street,  which  was  surveyed  by  Dr.  B.  J.  Harrington  some  thirty  yean 

ago  daring  the  construction  of  the  reservoir.     As  will  be  seen  there 

are  here  within  an  area  about  200  yards  in  length  by  100  yards  in 

width,  not  less  than  46  dykes,  belonging  to  some  seven  different  series, 

each  series  catting  those  older  than  itself. 

TburiDfla-  These  dykes  in  their  nnderground  extension,    forming  impervious 

—.g,^'"'  "  walls  crossing  the  fissarea  through  which  water  runs,  certainly  have  a 

water*.  very  important  influence  locally  in  determining  the  courses  taken  by 

the  Bobterranean  waters, 

At  several  localities  about  the  Island  of  Montreal,  a  peculinr  breccia 
occnrs  which  is  evidently  connected  wil^  the  Mount  Royal  intirusion- 
It  is  found  on  St.  Helens  island  and  lie  lUmde,  He  fiizard,  at  White 
Horse  rapids.  Riviere  des  Prairies,  and  on  the  east  flank  of  Mont 
Calvfure,  apparently  overlying  respectively  the  Utica,  Chazy,  Trenton 
and  Potsdam  formations.  It  also  occurs  in  fissures  at  Pointe  Claire  in 
the  Chazy,  and  at  McGill  College  in  the  Trenton.  Its  best  develop- 
ment is  on  St.  Helens  island.  The  brecraa  is  massive  and  unstrati- 
fied  and  oonsiits  of  angular  and  rounded  fragments  of  gneiss,  quartzite, 
limestone,  red  and  gray  sandstone,  shale  and  hornstone,  imbedded  in  a 
dark  gray  matrix  of  impure  dolomite. 

These  fragments  represent  a  vertical  range  in  the  geological  time- 
scale  extending  from  Laurentian  to  Lower  Devonian,  for  two  large 
mosses  of  limestone  included  in  the  breccia  ore  respectively  Lower 
Helderberg  (Upper  Silurian)  and  Lower  Devonian  in  age.     The  former 
corresponds  chrouologically  to  the  Upper  Pentamerus  zone  of  Eastern 
New  York,  and  the  latter  to  the  Oriskany  formation  as  exposed  in 
Western  Ontario  and  Virginia  as  shown  by  a  detailed  polnontological 
Toleanic         study  of  the  occurrences  recently  made  by  Dr.  H.  8.  Williams.     It  is 
oD^l^^lnu  '^)^"'^  ^^^  i*^  these  areas  of  breccia  are  preserved  the  last  surviving 
island.  remnants  of  the  ejectamenta  of  the  volcano  of  Mount  Royal,  and  that 
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OD  St.  Helens  ial&nd  is  of  eapecifti  interest  as  presenttog  coDclnsive 
evidenoes  of  the  ezteDBion  of  the  Upper  Silnriaa  andDevonian  ieoa  as 
far  ourtb  as  Montreal.*  The  breccia  U  cut  by  several  dykes,  which 
prorea  that  it  was  formed  before  the  volcanic  activity  had  entirely 
ceased. 

Pleistooene. 


the  geological  ricord,  the  npper  part  of  the  Palaeozoic  and  the  whole 
of  the  Meeozoic  and  Tertiary  being  unrepresented. 

During  Pleistocene  time,  however,  it  is  known  that  an  Arctic 
climate  prevailed  and  that  the  area  was  covered  by  the  great  ice  sheet 
known  as  the  Laurenttan  glacier,  which  gave  rise  to  certain  deposits 
characterisUc  of  glacial  action.  These  drift  deposits  consist  of  clays, 
sands  and  gravels,  the  lowest  member  being  the  boolder  olay  ("hard-pan*') 
composed  of  glaciated  boulders  embedded  in  a  fine  clay  or  rock-flour.  This 
is  very  compact  and  resists  erosion  as  readily  as  many  of  the  old  strati- 
fied rocks.  The  upper  members  of  the  drift,  which  are  stratified  clays, 
saods  and  gravels,  were  formed  during  a  post-glacial  submergence,  which 
followed  the  retreat  of  the  ice  sheet.  Id  the  vicinity  of  Montreal  they 
are  known  as  the  the  Leda  clay  and  Saxicava  sands  and  gravels.  From 
the  abundant  fossil  remains  (shells)  in  these  marine  deposits,  it  is 
inferred  that  the  climate  was  sub-arctic,  aa  closely  related  species  (in 
many  cases  identical)  are  now  fonnd  living  off  the  coast  of  Labrador. 

This  marine  submergence  was  very  widespread,  the  sea  level  reach- 
ing a  height  of  at  least  62S  feet  on  Mount  Royal  and  covering  the 
entire  plain. 

As  the  land  slowly  roee  again,  the  sea  retreated,  and  marked  by  a  Temtoea. 
terrace  each  level  at  which  it  remained  stationary  for  a  time.  In  this 
way  the  series  of  teiraoes,  encircling  Mount  Royal  mark  tbesuccessive 
stages  of  emergence  from  the  Pleistocene  sea.  These  terraces  are  well 
developed  at  Montreal  between  the  Mountain  and  harbour,  the  most 
prominent  ones  being  those  on  which  Sherbrooke  street  and  St. 
Catherine  street  are  located,  and  which  form  striking  features  in  the 
landscape  along  the  banks  of  the  ^t.  Lawrence  both  to  the  north  and 
south  'of  the  city. 

The  accompanying  table  presents  the  chief  characteristics  of  the 
ftbove  named  formations  in  tabular  form. 
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CLASStFIZD  UST  AND  DESOBIPIIOIT  OF  TEE  WELLS 

WHICH  HAVE  'BBF3X  PUT  DOWN  ON  THE 

ISLAND  OF  HONIBEAL. 

Keiort  in-  In  thU  soction  ft  list  Euid  d««cription  is  given  of  kII  the  borings,  ao 

welU  iHit         f^r  M  c<^n  be  ftscertaiaed,  whicb  had  been  put  down  on  the  Island  of 

Md^"^the  Montreal,  np  to  tiia  close  of  the  year   1903.     As  will  be  seen,  they 

ytar  1H03.        are  eighty-nine  in  number.     It  ia  just  passible  that  some  others  may 

have  been  put  down  whone  ezistenoe  has  escaped  the  attention  of  the 

writers  and  which  are  not  here  recovded.     If  so,  these  are  very  few  in 

number,  as  the  search  for  thew  wells  has  been  a  tfaorongh  oee  and  the 

list  is  believed  to  be  complete. 

In  many  cases  the  information  obtained  covering  individual  wells 
is  very  meagre,  and  in  no  case  is  it  as  full  as  coald  be  desired.  In 
every  case,  however,  all  the  information  which  it  was  possible  toobtain 
has  been  presented. 

The  borings  are  classed  under  three  heads:  those  yielding  (1) 
Potable  Water,  those  giving  (2)  Sulphuretted  or  Saline  Water,  and 
(3)  Dry  Wells.  This  classification  is  more  or  less  arbitrary.  Some 
waters  are  slightly  sulphuretted  and  lose  tbeir  odour  on  standing  for 
a  time,  while  others  are  highly  charged  with  sulphuretted  hydrogen. 
It  is  difficult,  therefore,  especially  in  the  absence  of  detailed  chemical 
analysis,  in  many  cases  to  determine  in  which  class  a  water  should  be 
placed.  The  character  of  a  water,  however,  cannot  be  seriously  mis- 
judged, even  if  it  happens  to  have  been  placed  in  Class  I,  when  it 
belongs  rather  to  Class  II,  or  vice  verea,  since  the  description  will 
serve  to  show  its  character  so  far  as  this  is  known. 
EiKhty-Dine  Again,  the  term  "  dry  well "  is  one  which  may  be  deBned  in  diSerent 
'  ways,     None  of  these  wells  were  absolutely  dry.     In  all  coses  enough 

water  oozed  into  the  bole  to  allow  the  boring  to  be  readily  carried  on. 
Such  borings,  however,  although  wet,  yield  no  supplies  of  water  which 
could  be  pumped.  Other  wells  again  would  yield  two  or  three  thousand 
gallons  a  day.  This  yield  may  be  sufficient  for  the  very  moderate 
needs  of  a  farmer,  for  instance,  bat  it  would  be  useless  in  the  case  of 
a  large  manufacturing  establishment  In  fact,  a  well  which  will  not 
yield  over  5,000  gallons  per  diem  is  considered  by  the  well  drillers  to 
be  a  "dry  well." 
CUaufiotion  When  a  well  is  drilled  its  capacity  is  determined  by  pumping  it  for 
"  *  several  hours  and  thus  ascertaining  the  amount  of  water  which  it  will 

yield.     The  values  given  as  '  capacity  per  diem  in  gallons '  in  the 
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sccompiuiyiiig  tables,  are  arriysd  at  by  takiag  the  number  of  gallons 
thus  pumped  per  hour  and  multiplying  by  twenty  four.  The  capacity 
thns  stated  may  therefore  in  some  cases  be  in  excess  of  the  actual  per 
diem  capacity  of  the  well,  but  the  ataount  of  water  stated  by  the 
drillers  to  have  been  actually  pumped  in  the  trials  made  oa  the  comple- 
tion of  the  well  is  given  in  the  text  in  each  case  where  a  trial  was 
made — and  may  be  there  ascertained. 

The  capacity  of  many  of  the  wells  has  not,  however,  been  actually  Method  of 
determined.  In  certain  cases  if  the  well  yielded  the  small  amount  of  the  pekl. 
water  required,  this  was  considered  to  be  quite  satisfactory  and  no  test 
was  made  as  to  the  full  yielding  power  or  capacity  of  tbe  well.  la 
these  oaies  it  is  impossible  to  aptply  the  well^lrillers'  definition.  It  has 
therefore  been  considered  beat  to  use  the  term  '  dry  well '  in  the  sense 
of'  a  well  which  would  not  afibrd  any  supply  of  water,  but  in  calcalat-  . 

ing  the  proportion  of  wells  which  give  adequate  supplies  of  water  as 
compared  with  the  total  number  of  wells  put  down,  an  adequate  supply 
has  been  conaidered  to  be  5,000  gallons  per  diemL  Under  each  heading 
the  wells  have  been  arranged  in  alphabetical  order — for  convenience  of 
reference — quite  independent  of  their  location  on  the  island. 

On  the  accompanying  map  of  the  City  of  Montreal  and  vicinity  the 
location  of  each  well  is  indicated  by  a  coloured  dot,  the  colour  employed 
in  each  case  showing  whether  tbe  water  is  Potable,  Sulphuretted  or 
Saline,  or  whether  the  boring  was  a  Dry  one. 

Several  sets  of  wells  are  on  l^is  map  connected  by  dotted  lines,  and 
tbe  sections  of  the  wells  of  each  set  are  plotted  on  tbe  accompanying 
sheet  of  diagrams  (figures  7  to.  10),  thus  showing  clearly  the  compar- 
ative character  of  groups  of  adjacent  wells. 

In  the  tabulated  list  the  wells  of  all  three  classes  are  put  together  Definitimu  of 
and  arranged  in  alphabetical  order  and  the  chief  facts  concerning  them  *"""  ™*^ 
are  given.  In  this  list  the  potable  waters  are  marked  "good"  when 
they  are  known  to  be  potable,  but  when  nothing  further  is  known  con- 
-ceming  their  nature.  When  their  character  is  known  more  definitely 
they  are  marked  "  soft "  or  "  hard  ".  The  saline  or  sulphuretted  waters 
«re  entered  as  such. 
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Tabut&t«il  List  of  th«  Artesian  »ocl  other 


Name  of  Uwner. 


Hi 


4  jBiinhDell  OU  Co '  Vjlle  StTl. 

IS  .C.  a  Campbell 'Dnr»fcl 

(I  .Cuikda  Brewinff  Co 318  DtLorimier  Ave, . . 

7  iThe  C»D«d»  MiQciDii  Co. ...  St  Henri  (lot  104TS1). . 


I  The  Cuudk  Sunr  Refining 

Co " 

.   CuudUn  Ficifia  Rsilwky . , 


"  AbktUiir  Site  ",  near  St.  Hoiri. . 


j  I>rR.  Cnik ... 

r  Mr.  Cumtn's  Fann 

i  The  TboDw*  DaviduD  Mui- 

nfaoturintt  Co 

)  DkwecftCo 

)  W.  B.  Ditkiwn 

L  TbeDomiaioD  Wadding  Co. 


I  Notre-Dame  de  Grtce 

St.  Laurent. .. . 

Petite  C6U,  lot  192 

I  Between  St.  Lurent  ft  Back  Riv 


187  Dfliale  Ave.,  Ste.  Cun^aonde. 

I^bine 

IiODgun  Pninte,  lot  31 

Cor.  Williune  ft  Vinet  Ste.  Cune- 


Williai 


I  Dow  ft  Co.. 


>  Alei.  Dmaimond 

r  Kir.  G.  A.  Dnimmond 

I  J.N.  DnimmoDd  

I  H.  A.  Ekera 

)  KkHn'  Breverv     ... 

I  KiQFlnnr  Woollen  Milla.. 

!  Ricetaior  Woollen  Mill!.. 

I  KxcelsiorWoolleDMUU,. 

I  The  Fenlin  Leather  Co... 


i   M.0.1ihert 

i   H.  Gateliouae 

libbe  WooUen  Milb. 

I   The  Gould  Cold  Storage  Co. 


180^ 


Same  property — oor.  of  InapeotorSt. 

PetiteCate 

Boaootiifleld 

Petite  C6te,  lotl9S 

e  Cflte,  lot  aoe 

409  SL  Lawrence  St 

967  Ontario  8t 

967  Ontario  St .... 

967  Ontario  Bt 

UlFronteoacSt 


929  SL  Catherine  St 

806-810  Doroheiter  St 

219  Delorimier  St 

Grey  Nun  ft  Williain  Sta  . 


Longue  Pointe,  lot  40 . . 
OutTpmoDt  (back  of  C.l 

COleSt.  Micher.','.'.. '.'.'. 


232 

eoo 

306 

480 
680 

678 
506 
1281 

312 
639 
067 
410 

296 
128 
SOS 
260 

IGO 
lOOS 
170 

176 
360 
420 

430 

830 

600 
426 
223 

326 
600 
812 
761 
300 
1626 

464 
7fi0 
410 
1301 
600 
376 
280 

seo 

612 

eo2 

240 

76 

*i 

6 

*f 

■"6448 

*i 

"iHh 

4i'. 

* 

« 

6 

6 

3 

'4 

eft4 
lofte 

4 
6 
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Deep  Wells  on  the  Island  of  Montreal. 


1   , 

C»p«^typer 
diem  m  g»l. 

P 

Character  of 
water. 

Remarks. 

48,000 

1 
-12  ;Good 

10,000 

-100 

Hard.      «UKhlIy. 

Rock  50  feet  from  surface. 

91.000 

-10 

Hard 

Rock  64  feet  from  aurface. 

1,000  + 

-20to-30 

Hard,     alighUy- 

.ulphurua. 

Rock  at  autfaoe. 

12,000 

-^20 

(Jood 

21,000 

Good 

Rook  50  feet  from  surface. 

12,000 

(J^wd 

16,800 

30 

Cood 

Rock  18  feel  from  aorface.      [from  aurfuee. 

18,000 

-10 

Highly  saline... 

Water  at  350  feet  and  no  further  >upi< lies 
below.    Kock  30  fn-t  from  eurfacc. 

120,000 

-18 

Good 

Rock  70  feet  from  Burfaoe. 

2*1.000 

-6 

r..x<d  

Rock  12  feet  from  surface. 

120,000 

-8 

iJood 

Hwk  13  tret  from  aurface. 

192,000 

-8 

Hard  k  Bulphur- 

Rock  26  feet  from  aurface. 

36,000 

-20 

(Jood  .......... 

Rock  42  feet  from  aurfaco. 

ftbuDdant 

+  7 

Rather  h»nJ.... 

Rock  40  feet  from  imriace. 

120,000 

-10 

Soft 

24000 

-6 

Pare 

Rock  16  feet  from  aurface. 

^      ra.ooo+ 

-10 

Hurd 

Saline 

Rook  60  feet  from  auriace. 

-13 

Saline  k  aulphu- 

Rock  100  feet  from  auriace. 

-8 
-60 

Pure 

Water  at  160  ft.  Rock  90  feet  fmm  aurface. 

24,000 

Not  aulphur-,uB.. 

to  smnll  to  be 

^0 

60.000^ 

-SO 

SliRhtly  julphu- 

haidtf  any  wa- 

8.400 

-50 

Hock  5  feet  from  aurface. 

36.IW0 

-10 

iiardV. '..;;■: 

Rock  10  feet  from  surface. 

24,000 

-25 

Soft,i.1ii[htly-au]- 

-33 

Rather  hani  , , . 

26.000 

-10 

Rood 

Rock  TO  feet  from  surface. 

5.000 

Ciood 

Water  obtainwi  at  about  (WO  tett. 

8«,000 

-2.1 

Rock  36  ft.   from  hurfaee.     Soii.f  water  at 

no  w»t*r 

500  ft.  ;  further  HUpply  at  740  feet- 

Rock  60  feet  from  surface. 

of  ftny    vftlue 

(4800) 

25,000 

-6 

Rood 

Rock  66  feet  from  aurface. 

20.000 

-SO 

Rood  

Ro<.k  46  feet  from  surface. 

66,000 

-10 

Hard   

Rook  35  feet  from  Burface. 

10,000 

-10 

ijnod 

Rook  73  feet  from  surface.     Alt  the  water 

-10 

obUined  was  struck  at  360  feet. 

9,000 

Soft'";!!!!".! 

Rock  30  feet  from  aurface. 

_         72,000 

-10 

Very  hard 

Kock  M  feet  tram  surface. 

-12 

Soft 

BiKk  at  surface. 

800  without 

0 

Sulphurous 

Water  at  440  feet  and  at  612  feet,  4000  gals. 

pumping 

Saliue  t  oalphu. 

roiiB, 
Rood 

can  be  pumped. 

4f>,000 

0 

-ao 

Rock  5  feet  from  surface. 

10.000 

Rock  at  auriace. 
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Tftbulftted  Lub  ot  the  ArtMion  and  other 


No. 

NameofOimv- 

Location. 

.2 

1 

Cnr.  St.  Oatberine  ft  PtftheDaia  Su 

208CraiKSt 

326 
280 
300 

3000 

«12 

7» 
800 

m 

B74 
802 
364 

1O20 
1850 
2660 
1060 
226 

614 
346 
66 
420 
6(10 
336 
700 
100 
800 
880 
300 
600 
480 
KO 

490 

1017 

^0 
1300 
260 

4tiT 

22S 

186 
176 

1660 

1800 

1066 

48 

LaurenCiui  Bktiu 

L.urieEn|ci»,COTip«07.... 

laurie  Enirine  Compknjr. .    . 
LonguB  Pointe  Aaylum.   . . 

Lovell  k  ChiutmH 

A.  Mutin     

A.a  AW.  S.M«term«i.. 

Mra.  J.  Mclntoh 

J.  H,  R.  Mobon&Brea  ... 

Montrril  BrewiiJB  Co 

Mount  R.,y»l  Cemetery  . . . 
Montroal  Coid  RUirxge  Co. . 
The  Montr«]G«iC& 

Montreal  Hunt  Club,    . . . ' , 
The  Montre^  Locomotive  k 

MwbineCn 

Montreal  Milliiw  Co 

n^ 

SO 

1012St.Catherim8t 

BS 

54 

63WillUinSt 

Lacbine,  lot  1010 

2082  Notre  Dame  St 

6 
6 

66 

87 
68 
69 
60 
61 

1006  Notre  Dams  St 

1334  Notr«  Dame  St. 

Near  Creinatory 

610St.  Paul  St 

1. 

63 
64 

86 

Longue  Poinl« 

Park  Ave.,  Outremont 

6 

"5" 

67  |M(in«re«l  Weaving  Co 

•«6  Clarke  St 

69 
70 

71 

Outramont  Milling  Co 

Judge  Pi^nuelo 

PagniieloAve 

xmgne  Pointe 

4 

A.  Ksmroy. 

A.  K.nj»y  

M.  Rhemin* 

Ri>w>n  Krutben 

The  Royal  Goll  Club 

Tbe  Salvador  Brewing  Co. . 

'<«ult  &II  R«col)flt  Colleire. . . 
Shawinigan  Water  &  Fower 

73 
74 

Carri^St 

: 

Dixie...    .:. 

6i7St,P»ul8t 

"4J"" 

79 

60 
81 
82 
83 

^i»t*ra  of  Providence. . . 

Stanley  Dry  PJate  Co 

St.  ]>ureat  Convent 

St.  Laurent  College .. 

Notre-Dame  de  Qriloe 

r,13Lainiiicheti»nSt 

St.  Unrent 

Petite  Cftte.  lot  196 

CftteSt.  Pien«,Iotl41 

Thome  Hill,  Cflte  St.  Piert* 

..A 

86 
86 

88 

ViauetFrArr* 

The  Wire  ft  Cable  Co 

Mai^wnneuvB 

itii" 
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Deep  Wells  on  the  Island  of  Montreal — Concluded. 


0«p»city  ^ 
Ions. 

1. 

Cha«ctCTof 
Wkter. 

Remarks. 

96,000 

-90 

ftuil 

Hock  06  feet  from  surface. 

40^000 

+20 

Soft 

Rock  60  feet  from  surface. 

»;ooo 

-16 

HMd;f»intiron 

tute. 

Water  at  160  ft.  Too  hard  tor  boilert. 

9,S0O 

G^".'.'.'.'.V.'.'.'. 

waa  struck  at  300  ft. 

00,000 

-30 

Slightly  .ulphu- 

Rook  62  feet  from  surface. 

2,400 

-11 

Veryhu^ 

Rook  66  ft.  f rom  »uif aoe.    Water  at  460  ft.. 

72,000 

-10 

Sulphurous* 

Water  at  760  ft.     Rocf^  f t.  f mm  surfaoe. 

Blightlv  saline. 
3oft,8lightiront 

14,000 

-5 

Buluhur  twate. . 

112.800 

-24 

S.lme 

Hook  S3  ft.  from  suriace.     Water  at  420  ft. 

126.000 

-96 

H«d 

Rook  80  fL  from  surface. 

36,000 

-2S 

Good 

Started  on  fook  inirface. 

dulphurouB. 

Pocket  of  fta.  struck.  Rook  60  ft.  from  surf . 

no  water 

RookOOft-fromnirfaoe.       ■ 

36,000 

'-io 

Q^v.:::".'.::'. 

2B,000 

-26 

Rook  27  ft.  from  surfooe. 

40,800 

-26 

Vsryhwd  .... 

RookatBurfaee. 

12.000 

0 

Good 

Rock  4  ft.  from  surface. 

12,000 

-I2B 

Soft 

Rock  e  ft.  from  surface. 

abunduib 

-10 

r.ood 

Rock  6  ft.  from  surface. 

43,000 

Veryhscd   .    .. 

-8 

Fucher  hsni:;:: 

Kock  90  ft.  from  surface. 

4B,D00(abo't) 

Hard 

IB.  000 

-IS 

KathOT  hkrd.... 

WaMr  was  .track  at  700  ft. 

24,thW 

0 

Ilath«r  hard   . . . 

Rock  ID  ft.  from  iurface. 

120,000 

-60 

Good 

Rock  70  ft.  from  Burfaco.     Used  tor  orated 

28,800 

-16 

Good 

Ruck  37  ft.  from  surface.                    [waters. 

toosnuillbnbe 

of  use.  (8,000 

Rock  02  ft.  fiom  surface. 

12;000 

"■■'-so' 

soift'..  ■;.;.*:" 

Rock  36  ft  from  surface.  Hard  water  struck 

toonnnU  to 

bt.ofwiyv.1. 

Rock  26  ft.  from  surfaoe. 

iocd'.'.'.'.'.'.'.'.'.V. 

Rock  2i  ft.  from  surface. 

8.400 

■    '  -90 

Good 

Ruck  40  ft.  from  surface. 

0 

10,000 

-13 

Soft  4. lightly 

Rook  31  ft.  from  surface. 

10,000 

-26 

Soft  talightiy 

6,000 

-26 

tjood''.!^.*;:-: 

Rock  100  ft.  from  surface. 

Pure 

Rock  76  ft.  from  surface. 

4,000  to  ^000 

■■■■  +  6 

Soft  4  slightly 

sulphun^. . . . 

Rook  60  ft.  from  surface. 

6.000 

■i-10 

Saline  4  sulphur. 

Rock  90  ft.  from  surface.    Good  water  at 

72,000 

460  ft;  sulphurous  watpr  at  1190  ft. 

sorfaca 

Hard 

Rock  67  ft.  from  surface.  Moot  of  the  vater 

16— E— 3i 
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inlT.  Pkul  & 
Go's  well. 


WBLIiS  TIBLDING  POTABLE  WATBRa 

l.—S.  B.  Afiffut,  Esq.— St.  Anne  de  Bellevue. 

This  well  is  223  feet  deep.  It  has  &  di&meter  of  4}  inches  and  yields 
48  000  f{KlloDa  a  day,  the  water  rising  to  within  12  feet  of  the  surface. 
The  wat«r  is  said  to  be  of  good  quality. 

2. — Me8»r»  Armitrong  and  Cook — Cadattral  No.  1^  Subdivition  lot 
293  Montreal  We»t. 

Id  boring  this  well  water  was  struck  at  350  feet,  the  fiow  iacreasing 
in  quantity  with  depth.  At  500  feet  boring  operationa  were  discon- 
tinued. 

Fifty  feet  of  clays  and  gr&veU  were  first  penetrated  then  25  feet  of 
a  shaly  rock  ponsibly  an  outlier  of  the  Utica.  The  remainder  is  a  lime- 
stone of  uniform  hardness,  and  which  gave  sufficient  water  to  keep  tho 
drill  woiking  easily. 

In  Kovember  1893,  the  water  was  60  feet  below  the  surface  after 
having  been  pumped  from  a  depth  of  100  feet  for  10  houre.  In  Decem- 
ber 1894,  the  water  stood  »l  the  100  foot  level  after  a  rest  of  6  hours, 
the  pump  then  being  350  feet  from  the  surface.  The  wat«r  is  of  good 
quality,  with  "traces  of  iron  and  oulphur,"  10,000  gallons  per  diem 
have  been  pumprd.  (^Ste  figure  9). 

3. — ife»»ri  Belding,  Paul  and  Company — On  the  canal  near  the 
Seiifneur  Street  Bridge, 

The  well  is  548  feet  deep.  It  is  6  inches  in  diameter  and  yields 
91,000  gallons  per  diem.  The  water  rises  to  wibhin  10  feet  of  the  sur- 
face and  is  hard.     The  rock  was  encountered  64  feet  from  the  surface. 

The  following  are  the  results  of  an  analysis  of  the  water  which  was 
made  for  the  company  in  February  1903  ; 


Pwts 

Gr.™ 
Imp.'^lcm. 

47 
90 

se 

17 
17 

90 
10 
8C 

M.([n™nm      .,        

6.30 

n       Sulph«tO 

..       PhoBphate 

.,       ChliHide 

1.19 
1.19 
6.30 

OrgMiioMirttCT 

6.60  . 

3B6 

27. W 

ib.Google 


AHUM.]  WILLS   YIBLDINQ   POTABLB  .WATERS  37   O 

i.—The  BushneU  OH  Company— VUle  St.  Louit. 

The  well  is  305  feet  deep.  It  is  in  the  Bolid  rock  and  the  diameter  ie 
1  inches.  The  water  level  ia  from  20  to  30  feet  below  the  surface  and 
is  lowered  eome-t  hat  on  pumpiog.  The  water  is  raiher  hard,  slightly 
snlphnrons,  and  holds  a  small  amount  of  suspended  clayey  material. 
One  thousand  gallons  <ire  pumped  daily  but  the  maximum  capacity  is 
much  greater,  (See  figure  8). 

5.  C.  S.  Campbell  E»q,  Dorvdl. 

This  well  is  480  feet  deep  and  yields  500  gallons  of  water  per  hour. 
The  hole  is  4|  inches  in  diameter.  The  water  is  of  goud  quality  and 
rises  to  within  twenty  feet  of  the  surface. 

6. — Vhe  Cauaiiian  Brewing  Co.,  218  Ddorimier  av«nue,  Cadastral  The  Cuiadiui 
numbor  Lot  502  St.  Mary'i  ward.  ^y'«t^' 

In  boring  this  well,  water  was  struck  at  adepth  of  380  feet.  Before 
Fock  was  reached  the  drill  went  through  50  feet  of  drift,  35  feet  of 
which  was  "  hard-pan." 

The  water  level  is  28  feet  below  the  surface.  Present  requirements 
only  necessitate  the  pumping  of  5,000  gallons  per  diem,  although  the 
tested  capacity  is  at  least  24,000  gallons. 

The  following  partial  analysis  of  the  water  was  made  by  Mr.  Baker- 
Gdwarde  on  Oct.  20.  1890.  The  results  are  stated  in  grains  per  Impe- 
rial gallon : 

Sodium  Bicarbonate 38.00 

Sulphur  as  H J  8  or  sulphides — not  determined. 

Sul^ihur  as  SO^ 3.36 

Chlorine  as  NaOl 2.705 

Nitrogen  as  nitrates . ,  - . .    .  0.004 

Nitrogen  br  nitritee none 

Free  and  Saline  Ammonia 0.0025 

Albumenoid  Ammonia. 0.0033 

Organic  Carbon   none 

Hardness 4.2°  (Clarke's) 

7  and  8.— The  Canada  Malting  Company,  Si.  Henri,  Lot  10^781, 
near  Lachine  canal. 

Two  wells  were  sunk  on  this  property  a  short  distance  from  one 
another.  The  first  of  these  is  6  inches  in  diameter  down  to  a  depth 
of  36  feet,  the  diameter  being  then  reduced  to  4^  inches.     In  it  water 
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WH  obbuned  at  «  depth  of  300  feet  uid  roee  to  within  kix  feet  of 
the  sarfece,  the  well  yielding  500  g«lloD8  per  hoar.  Xhe  weter  ie 
slftted  to  be  of  good  qiulitj  bat  has  not  as  yet  been  uwlysed.  The 
solid  rock  wea  reached  32  feet  from  the  Rurfaoe.  After  atriking  water 
at  a  depth  of  300  feet,  the  boriiig  was  oontinued  to  a  depth  of  678 
feet,  without  any  appraciable  increase  in  the  quantity  of  water  being 
obeerved. 

The  Mcond  well  was  Bank  to  a  depth  of  506  feet  and  yields  700  gat- 
Ions  per  hour.  The  rock  was  reached  at  a  distanoe  of  IS  feet  from 
the  surface  and  the  water,  which  was  of  good  quality,  rose  to  within 
thirty  feet  of  the  surface. 

9. — The  Canada  Malting  Company — C.P.B.  property,  "Abattoir 
Site,"  near  St.  Henri. 

In  this  well,  highly  saline  water  was  struck  at  350  feet  and  rose 
to  within  tea  feet  of  the  surface.  The  well  yielded  750  gallons  per 
hour.  Boring  was  then  continued  to  a  depth  of  1281  feet,  when,  no 
additiooal  supply  of  water  being  obtained,  operations  were  disconti- 
nued. The  hole  is  4}  inches  in  diameter  and  the  rock  was  reached  at 
a  depth  of  31  feet  from  the  surface. 

TbuCuiula         10. — Canada  Sugar  Rafining  Company — ISO  Montmorency  ttreet. 

Sugu  Hefin-  ->  J        ■>  r      o 

ixf  CoDiM-      This  well  is  3 1 2  feet  deep  and  yields  6,000  gallons  an  hour.     The  water 

rises  to  within  18  feet  of  the  surface,  and  is  of  good  quality.     The 

drift  here  in  rery  thick,  the  solid  rock  lying  70  feet  below  the  surface. 

The  following  is  an  analysis  of  the  water  by  the  chemist  of  the 

oompany,  the  results  being  given  in  grains  U>  the  Imperial  gallon  : 

Mineral  solids 10.76 

0^(anio    do    ... 4.57 

16  35 

The  mineral  solids  are  as  follows  : — 

Calcium  Bicarbonate 4.521 

Magnesium      do       160 

Sodium             do        1.330 

do      Sulphate 1.049 

do      Chloride 3.720 

10,780 
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Total  BardneBS 12.40 

Temporary  Hardnesa 1.60 

Permaneat      do      10.80 

11  wnd  12. — Canadian  Pacific  Bailtoay    Wol-k  Shops — Hoahdaga.  The  Cftnadiut 

Pacific  RftU- 
Two  wells  were  sunk  on  thia  property,  the  firat  to  a  depth  of  539  feet  "JJ^'P?' 
and  the  second  to  a  depth  of  557  feet     The  former  yielda  10,000  Hochi^UgB. 
gallona  an  hour,  the  water  rising  to  wiUiin  6  feet  of  the  anrfiice.     The 
second  yields  5,000  gallons  an  hour,  the  water  rising  to  within  8  feet 
of  the  surface.     Both  wells  start  with  a  diameter  of  8  inches,  which 
is  subsequently  reduced  to  6  inchee.     The  rock  is  12  and  13  fe  t  from 
the  surface  respectively  in  the  case  of  the  two  welts.     The  water  is 
said  to  be  of  excellent  quality, 

The  water  from  one  of  these  wells  collected  on  Febmary  6,  1903, 
shortly  after  the  wells  were  bored,  was  analysed  by  Ur.  Milion  L. 
Hersey  with  the  following  results,  stated  in  grains  per  Imperial  gallon : 

Calcium  Carbonate -43 

do      Bicarbonate -00 

Magnesium  Carbonate '31 

Sodium  Carbonate 18-00 

do      Bicarbonate -00 

do       Sulphate 8-20 

do      Chloride -00 

Potassium  Chloride -00 

Calcium  Chloride 117 

Silica -00 

Loss  on  ignition 3-67 

Total  solids 31-78 

i^- — Convent  of  the  Sisters  of  the  Precious  Blood — Notre-Dame  de 
QrAce. 

Thia  well  was  sunk  to  a  depth  of  296  feet.  Water  waa 
obtuned.  the  well  yielding  1,500  gallons  an  hour.  The  water  rose  to 
within  20  feet  of  the  surface  and  is  said  to  be  of  good  quality.  The 
solid  rock  was  reached  at  42  feet  from  the  surface. 

15. — M.  Ccnttineaa,  Etq. — Lot  251,  St.  Laurent. 
This  well  is  interesting  in  that  it  is  one  of  the  few  flowing  ones  of 
the  diatriot,  the  water  rising  to  a  height  of  7  feet  above  the  surface 
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of  the  ground.     The  veil  u  128  feet  deep,  40  feel  ia  cUy,  and  88  feet 
in  limeatone;  thn  water  U  pure  and  of  medium  bardneBB.  {Seefigwr99.) 

16.— Dr.  Robert  Craik—Lot  192  PetiU  C6U. 

In  boring  of  this  wall,  water  was  stnick  first  at  250  feet,  but  not 
in  sufficient  quantity  to  keep  the  drill  wet.  At  306  feet  however 
additional  water  was  obtained  which  rose  to  within  10  feet  of  the  aur- 

The  wAier-beariug  stratum  in  shaly  in  character  and  the  water  was 
at  first  impure  and  sulphurous,  but  these  qualities  disappeared  on  con- 
tinued pumping  giviaif  a  pure,  soft  water.  No  analji^is  was  made 
beyond  a  few  qualitative  tests  which  confirmed  the  excellent  quality 
of  the  water. 

In  order  to  test  the  capacity  of  the  well  an  engine  was  used  which 
pumped  5,000  gallons  per  hour  without  lowering  the  oater  level  more 
than  '20  feet  below  the  normal  position.  A  windmill  with  a  six  inch 
stroke  is  now  used ;  the  pump  is  down  80  feet,  while  tfae  piping  (4 
inch),  oontinuei  30  feet  below  the  pump.     (Sf,e  figure  10.) 

17.— Mr.  Curmn'gjarm. 

The  well  is  situated  about  half  way  between  Montreal  and  Back 
river,  about  one  mile  east  of  the  Hotel.  It  was  sunk  to  a  depth 
of  260  feet  and  yields  1,000  gallons  an  hour.  The  water  rises  to  with- 
in 6  feet  of  the  surface.  The  hole  is  6  inches  in  diameter,  and  the 
solid  rock  was  met  with  16  feet  from  the  surface. 

,  18. — The  Thomaa  DaviiUon  Manufacturing  Compcmy — 187  Dditle 
street,  Su.  Vun^gonde. 

Water  was  obtained  at  a  depth  of  150  feet,  the  hole  having  a  dia- 
meter of  6  inches.  The  well  is  pumped  every  day  at  the  rate  of  50 
gallons  per  minute  without  ezbausUng  the  supply  of  water.  The  solid 
rock  was  reached  at  a  depth  of  60  feet  from  the  surface.  An  exami- 
nation of  the  water  has  been  made  by  Mr.  Milton  L.  Hersey  with  the 
following  reeults : — 

"  Total  solids — 600  parts  per  million  (42  grains  to  the  gallon). 

Observations  on  Ignition — No  charring  whatever. 

Residue — Alkaline,  on  account  of  small  amount  of  bicarbonate  of 
tioda  naturally  present  in  the  water. 

Chlorine— 30-4  parte  per  million  (2-13  grains  to  the  gallon). 

Oxygen  consumed — -166  parts  per  million. 


ib.  Google 


miMB.J  WBLU  TIBLDINQ   POTABLB  WATKBS  41    O 

The  water  although  hard  is  eatirely  aatisfaotory  for  drmking 
purposes." 

SI. — The   Dominion    Wadding  Company — Comer    of    Williutn  &  TheDomimon 
Yinet  strseU,  Ste.  Ctmigonde.  '    Comp^y's 

This  well  is  within  400  feet  of  the  Laohine  canal.  Water  was 
struck  in  '  a  hard  rock  crericfl '  at  a  depth  of  160  feet  from  the  sur- 
face and  the  boring  was  continued  for  an  additional  15  feet,  when  the 
work  was  stopped  a;  a  sufficient  supply  of  water  had  been  obtained. 
The  hole  is  6  inches  in  diameter  and  the  water  rose  to  within  eight 
feet  of  the  surface.  The  boring  first  passed  through  Drift  containing 
"  boulders,"  rock  being  reached  at  a  depth  of  90  feet.  An  abundant 
supply  of  good  water  is  obtained,  which  is  used  in  bleaching  cotton. 

SS-SS.—Mestra.  William  Dow  and  Co.— 186-188  Colbome  street.      William  Dow 

t  Co'i  veU. 
Four  welts  were  sunk  on  this  property  with  Tery  different  results. 
They  were  all  i^  inches  in  diameter. 

The  first  was  sunk  to  a  depth  of  360  feet  and  yielded  24,000  gallons 
a  day  of  water  which  is  stated  to  be  pure  and  it  rises  to  within  60 
feet  of  the  surface. 

The  second  was  bored  to  a  depth  of  420  feet,  but  the  amount  of 
water  obtained  was  too  small  to  make  the  well  of  any  yalne.  It,  how- 
ever, rose  to  within  40  feet  of  the  surface. 

The  third  well  was  bored  to  a  depth  of  430  feet,  that  is,  to  practically, 
the  same  depth  as  the  lost,  bat  yields  60,000  gallons  per  diem,  the 
water  being  slightly  sulphurous  and  rising  to  within  30  feet  of  the 
surface. 

The  fourth  well  which  was  put  down  on  this  property  lies  toward  the 
corner  of  Inspector  street  and  is  830  feet  deep.    It  is  practically  dry. 

The  firm  however  find  that  it  can  more  economically  employ  water 
obtained  from  the  City  Sendee  and  they  have  consequently  abandoned 
these  borings.    (See  figure  7.) 

!S6. — Alexander  Drwmmond,  Eeq. — PetiU  C6te. 

This  well  is  600  feet  deep  and  yields  350  gallons  an  boar,  the  water 
rising  to  within  50  feet  of  the  surface.  The  rock  lies  five  feet  below 
the  surface. 

JC?. — Sir  George  A.  Drummond — Seacowfield.  Sir  George  A. 

Drummond'B 
Id  bormg  tkiB  well,  the  drill  first  passed  through  10  feet  of  drift,  fol- well 
lowed  by  415  feet  of  limestone.     At  426,  water  was  obtained  which 
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row  to  witbis  10  feet  of  the  surface.  It  ia  AbnndMit  bat  huil.  A  pMr- 
tial  log  of  the  boriaga,  from  21fi  to  360  feet  was  praeerred,  and  tdieee 
bare  been  examined  with  the  following  raaolte  : 

From  31G  to  330  feet  the  i-oclc  is  a  dark  gray  semi-crystalliDe  limea- 
tone^  somewhat  impure  and  bitumiaoua. 

At  325  feet  the  rock  ia  »  light-^ray  dolomitic  limeetODe  which  ia 
followed  at  340  feet  bj  a  light  grajr  highly  silioeona  bed  with  practi- 
cally no  carbonates. 

The  rock  at  350  feet  is  a  light-gray  dolomitic  limeetone  which  ia 
aaoceeded  at  360  feet  by  a  dark  gray  bituminous  limeatone. 

From  this  examination  it  ia  evident  that  this  well  at  the  360-foob 
level  has  not  paased  out  of  the  Chazy  formation,  there  being  no  beda 
oomparable  to  the  Ctdciferous  sand-rock  which  undarliea  the  Chazy. 

The  weU  yidda  1,500  gallotu  per  hour.     {8«e  figure  P.) 

28.— J.  N.  Drummond,  Stq.—Lot  199,  Petit*  Cdu. 

This  well  was  sunk  to  the  depth  of  223  feet  in  the  limestone.  At 
the  300  foot  level  a  bed  of  very  hard  rock  woe  encountered,  beneath 
which  was  the  waterbearing  stratum  or  band.  This  had  a  honeycombed 
character,  representing  either  a  bed  of  impare  limeatone  rendered  por-, 
ouB  by  the  removal  of  the  soluble  portion  of  the  rook,  or,  possibly, 
a  shatMred  sone  filled  by  a  friction  breccia.  The  water  rises  to  within 
twenty  five  or  thirty  feet  of  the  surface,  and  continued  pumping  fails 
to  lower  it  below  that  level.  The  water  is  clear  and  soft  with  a  alight 
sulphurous  taste.     {See  No.  64  and  fisv-re  10.) 

29.— H.  A.  Ekera,  Esq.— Lot  208,  FetUe  Cite. 

In  this  well,  water  was  struck  at  325  feet,  limestone  being  the  only 
rock  encountered.  The  water  is  of  a  medium  hardness  and  maintains 
a  cooatant  level  at  33  feet  below  the  surface.  The  well  yields  600  gal- 
lons per  hour.  {Set  figure  10.) 

't      SO. — Ekers'  Brewery — ^09  St.  Lawrence  ttreet. 

This  well  is  600  feet  deep,  the  first  70  feet  being  in  boulder  day  or 
"  hardpan".  The  water  riaes  to  withia  ten  feet  of  the  surface,  baton 
pumping  the  level  ia  lowered  to  forty  feet.  Continued  pumping  fails 
to  lower  it  furthur.  The  well  baa  yielded  as  much  as  20,000  gallona 
in  24  hours,  but  its  maximum  capacity  ia  unknown.  A  partial  analysis 
of  the  water,  by  Dr  Ruttan  of  MoQill  University,  made  on  a  sampla 
collected  on  May  25, 1892,  gave  the  following  results  : — 
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Total  soUda 392  paiia  per  miilion. 

(^27 '44  gra.  per  Imp.  gall.) 

Ash,  after  ignilioD   234  parta  per  million. 

Organic  and  Tolatile, 158      "  " 

Chlorine 40       "  " 

!f  itrogeo,  as  free  and  saline  ammonia  .  0 '  057  parte  per  million. 

Albuminoid  ammonia 0'066  " 

Nitrates 0799  " 

(See  figure  7.) 

SI  and  S2.—E<)xelswr  Woollen  Mills— 967  Ontario  street.  WelJs  M 

EiceUior 

Three  wells  were  sunk  on  this  property  within  a  distance  of  about  VooUenMills, 
200  feet  from  one  another.  The  results  obtained,  howeTer,  in  the  three 
cases,  were  very  different. 

The  first  well  was  annk  to  a  depth  of  300  feet  and  yielded  practi- 
cally no  water.  The  second  well  was  sank  to  a  depth  of  812  feet,  60 
feet  of  "  hard  pan  "  being  penetrated  before  the  limestone  was  reached. 
Water  was  first  obtained  at  about  600  feet,  but  the  boring  was  con. 
tinned  to  a  further  depth  of  212  feet  in  the  hope  of  obtaining  a  larger 
quantity.  The  water  is  pare  and  free  from  sulphur  and  is  pumped 
from  an  80-foot  level  The  maximum  qnantity  which  the  well  yields, 
however,  is  only  about  5,000  gallons  a  day.  In  the  morning,  when  the 
pump  is  started,  the  wat«r  level  is  100  feet  below  the  surface,  but 
during  the  pumping  it  is  gradually  lowered  to  180  feet,  at  which  it 
remains  constant.  The  diameter  of  this  hole  is  6  inches  in  the  drift, 
after  which  it  is  reduced  to  4  inches  in  diameter,  the  hole  being  lined 
to  a  depth  of  400  feet.  Samples  of  the  boringa  from  this  well  were 
obtained  down  to  the  340-foot  level,  the  rock  on  examination  proving 
to  belong  to  the  Trenton  limestone.  Before  the  heavy  earthquake 
which  was  experienced  in  tbe  year  1897,  the  flow  of  thia  well  was 
about  double  that  which  it  has  at  present. 

The  third  well  was  sunk  at  a  depth  of  754  feet.  Some  water  was 
struck  at  600  feet  and  a  further  supply  was  obtained  at  740  feet.  The 
well  now  yields  3,600  gallons  an  hour,  or  about  86,000  gallons  a  day. 
In  this  well  the  water  rises  to  within  20  feet  of  the  surface.  The 
hole  has  a  diameter  of  10  inches  at  the  surface,  after  which  it  decreases 
to  6  inohee.     The  rock  is  35  feet  from  the  surface. 

These  wella  are  interesting  as  showing  the  great  variations  encountered 
within  a  very  limited  area,  not  only  in  yield  of  water  but  also  in  the 
height  to  which  tiie  water  rises,  as  well  aa  in  the  thickneea  of  the 
drift  covering.    Mr.  William  Bell,  who  drilled  the  holes,  stat«s  that 
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there  wu  dUtinot  aTideoce  of  the  existence  of  Assures  and  crevices 
ID  the  timestuDe  through  which  these  borings  puaed.     {See  figure?.) 

The  Fenlin  34. — Th«  I^enlin  Leather  Company — 111  FronUnae  itreeL 

Le»th4!r  Com- 

pkDy'a  weU.  ThU  well  is  1025  feet  deep  and  might  be  classed  as  a  drj  well,  the 
aiDOuntof  water  obtaioed  {4,800  gallons  in  24  hours)  being  too  small 
to  warrant  the  well  bsing  pumped.  The  rook  lies  60  feet  from  the 
surface. 

35.— M.  Gallbert,  Etq.,  9~'9  St.  Catherine  ilreU. 

This  well  is  454  feet  deep,  of  which  the  upper  56  feet  is  in  Drift. 
The  water  rises  to  within  five  or  six  feet  from  the  surface,  and  the 
amount  obtained  daily  (not  the  maximum  capacity)  is  25,000  gallons. 
The  diameter  of  the  bore  is  4  inches. 

A  partial  anal^Bis  of  the  water  was  made  by  Mr.  Milton  Hersey, 
M.A.Sc,  and  gave  the  following  results,  stated  in  greins  per  Imperial 


Bioarbonates  of  Sodium,  Magnesium  and  Lime,  and 

Sodium  Sulphat* 62-20 

Chlorides  of  Sodium  and  Potassium 6 '  25 

Silica  , 1-65 

Oxides  of  Iron  and  Alumina , trace 

Totil  solids  per  Imperial  gallon 60  - 10 

The  water  has  a  distinct  alkaline  reaction,  a  slight  mineral  taste 
and  was  somewhat  turbid  from  suspended  clayej  matter.  The  tem- 
perature is  constant  at  61*  F,  throughout  the  ypar.     {See  figure  7  ) 

S6.~H.  OaUhmjM,  Esq.— 808-810,  Dorchttler  tlretl,  Montrtal. 

The  well  is  760  feet  deep  and  has  a  capacity  of  20,000  gallons  of 
water  per  diem  (24  hours).  The  water  is  of  good  quality  and  rises  to 
within  thirty  feet  of  the  surface.  The  solid  rock  was  reached  at  a 
depth  of  46  feet  from  the  surface. 

S7 — The  Globe  fFoofUn  Mills  Company — 219,  DeLorimi^r  avenue, 
{Cadastral  !fo.  1,493)  St.  Mary'i  Ward. 

The  well  is  410  foet  deep,  35  feet  in  the  boulder  clay  and  the 
remainder  in  a  limestone  of  uniform  hardness.  The  water  rises  to 
within  ten  feet  of  the  surface  and  2,800  gallons  are  pumped  per  hour. 
A  chemical  examination  made  by  Prof.  J.  T.  Donald,  on  Nov.  13, 
1090,  gave  the  following  resatts,  the  figures  being  grains  per  Imperial 
gallon : — 
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'  Mineral  matter,  consisting  principally  of  Calcium  Sulphate,  with  a 
small  aa:ount  ot  Magnesium  Sulphate,  49'63.  The  sulphates  render 
the  water  hard,  bat,  apart  from  these,  it  contains  nothing  to  render  it 
UBSuited  for  use  in  dyeing.'     {See  figure  7.) 

S3  and  S9. — Tha  Goald  Cold  Storage  Company — comer  Orey  Nun  Goold  Cold 
and  William  streets.     Two  wells  have  been  put  down  on  this  property.  puiy^wellH. 
The  firat  of  these  was  sunk  to  a  depth  of  tOO  feet,  at  which  level  the 
drill  was  loet,  having  become  jammed  in  a  crevice  in  the  rock.    It  was 
found  impossible  to  recover  it  and  operations  were  not  resumed.     The 
well,  therefore,  was  abandoned,  no  water  having  being  obtained. 

In  the  second  well,  water  wae  struck  at  360  feet,  a  yield  of  10,000 
gallons  per  diem  being  obtained.  The  boring  waa  then  continued  to  a 
depth  of  1,301  feet  in  the  hope  of  securing  an  additional  supply,  but 
without  success.  The  water  is  said  to  be  pure  and  it  rises  to  within 
40  feet  of  the  surface,  The  drift  oovering  here  is  heavy,  being  73  feet 
thick. 

40.  A.  Qoyer,E»q. — Fronlenac Cadaetral No.  1,697,  Hochdagaioard. 
In  boring  this  well,  water  was  obtained  at  a  depth  of  375  feet,   the 

upper  30  feet  being  through  drift.  The  water  is  soft.  It  risen  to  within 
10  feet  of  the  surface.  The  maximum  capacity  of  the  well  is  about 
9,000  gallons  per  day.     {See  figure  8.) 

41.  F.  Qoyer,  Eaq. — C&te  de  Neige  village. 

This  well  is  250  feet  deep,  limestone  being  struck  about  25  feet 
below  the  sarfaca  The  watr  which  is  very  hard,  rises  to  within  10 
feet  of  the  surface.  The  maximum  capacity  of  Lhe  well  is  not  known, 
but  at  present  from  S,00J  to  9,000  gallons  are  pumped  daily. 

42.  M.  Grosboyau,  Egq.—l,67S  Papineau  avemie. 

Cadastral  No.  161  DeLorimier  municipality.  This  well  is  350  feet 
deep  and  is  wholly  in  limestone.  The  water  which  is  soft  rises  to 
within  12  feet  of  the  surface.     {See  figure  8.) 

45.  A.  Sobbe,  Eeq.—Outremont. — Near  Canadian  Pacific  Eailioay 
Company't  Sound  House. 

This  well  is  340  feet  deep  and  has  a  capacity  of  48,000  gallons  in  24 
hours.  The  water  is  of  good  quality  and  rises  to  the  surface.  The  hole 
is  six  inches  in  diameter  and  the  rock  was  met  with  five  feet  below  the 
surface. 
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46.  Sdieard  Hughtt,  Saq.—  Lot^S?  Cote  St.  MxeKd 

tbt  well   is  76  feet  deep,  wholly  in  limealone.     The  wBter-lerel  ia 

20  feet  below  the  •urface.     The  water  u  soft  and  cad  be  obt&iaed  in 

considerable  qnantity. 

MeMn.  Laing      47-  llettri  Laing  A  Sotu—Corrur  of  StCcUherine  and  Parthvnaia 
4Stm.'wBU.    ,,,„^_ 

The  well  haa  a  depth  of  325  feet,  of  which  the  upper  66  feet 
is  in  the  boulder  clay,  and  the  lower  269  feet  in  limestone. 

The  water  rieeB  to  within  30  feet  of  the  anrfaoe,  and  the  well  ia 
fitted  with  a  pump  having  a  36  inch  stroke  which  delivers  a  regnltir 
supply  at  the  rate  of  36,OjO  gallons  per  day. 

In  1891,  a  few  weeks  after  the  well  had  been  completed,  the  water 
was  examined  by  Prof.  J.  T.  Donald,  and  the  following  is  the  result 
tA  a  partial  analysis,  stated  in  grains  per  Imperial  gallon  : — 

♦Calcium  Carbonate   14.32 

Alkaline  Carbonates  with  a  little  Silica 6.31 

Bodiam  Chloride 9.38 

Calcium  Sulphate 12.66 

Suspended  matter 2.04 

Total ...   43.70 

The  suspended  matter  shown  in  the  analysis  caused  a  tarbidity 
which  continued  even  after  the  well  had  been  pumped  for  several 
weeks.  Later  on,  however,  this  disappeared  and  a  perfectly  clear 
.  frater  was  obtained.  For  comparison  of  this  water  with  that  of  the 
Laurentian  baths,  see  paue  47. 

Well  ftt  the  4S.   The  Laurentian  Bathi,  Mettrt.  Robert   White  and  Company — 

B^t h^."*""      ■^^  Craig  itreet. 

The  well  ia  255  feet  deep,  of  which  the  upper  60  feet  is  in  drift — 
clays  and  gravels — and  the  lower  235  feet  in  limestone.  Water  was 
struck  at  270  feet.  The  water  rose  in  a  pipe  to  a  height  of  20  feet 
above  the  suiface  of  the  ground,  and  flowed  at  the  rate  of  10,000 
gallons  in  24  hours.  At  times,  however,  the  pressure  has  been  found 
to  vary  somewhat.  On  one  occasion  shortly  after  the  boring  waa 
completed  the  water  level  at  6  p.  m.  barely  reached  the  surface,  hut 
daring  the  night  the  water  overflowed  the  20-foot  pipe  and  flooded  the 
building.     The  well  is  now  pumped  and  yields  40,000  gallons  per  day. 

'With  >  little  inagiwaiuiii  carbooste. 
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Four  ftn&lyses,  showing  the  compoaitioa  of  the  water  at  intarvala 
daring  a  period  of  twelve  years,  have  been  made  by  Prof.  J.  T.  Donald, 
and  are  given  below,  in  graioB  per  Imperial  gallon. 


CoiwtdtuentB. 

October  28, 
1891. 

^^^ 

March  31, 

1886. 

Jantuiy 

GaloiQm  BiorixiiMte 

BMyjtaiix. 

1-98 
1  72 
32-S7 
930 

MiffDouum  BioarboiuM.   ... 

Sodium  Sulphate 

27 -BB- 

6-86 

26-74* 
■23 

1-69 
9-69 

2237 
9-44 

(fcdimn  Chloride 

2'32 

5-40 
-77 
■43 

SSfl 

Total 

36-12 

41  T3 

61  ■B7 

4102 

An  interesting  point  in  connection  with  thie  water  is  the  very  small 
amount  o£  the  carbonates  of  lime  and  magnesia,  and  the  large  propor- 
tion of  the  alkaline  carbonates  preeent.  This  is  of  especial  interest  in 
view  of  the  fact  that  in  the  water  from  the  well  of  Messrs,  Laing  <& 
Co.,  a  short  distance  awaj,  the  relative  proportion  of  tbesa  constituents 
is  reversed. -j*  (See  analysis,  p.  46).  No  samples  of  the  borings  were 
preserved  with  the  exception  of  a  small  fragment  brought  up  from  the 
level  at  which  the  water  was  struck.  This  on  examination  proved  not 
to  be  limestone  but  a  soft  black  shaiy  rock  traversed  by  a  few  velnlets 
of  a  light  coloured  impure  dolomite.  Before  the  blowpipe  both  the 
rock  and  veins  fuse  on  the  edges  to  a  blebby  glass.  This  shale  is  evi- 
dently part  of  one  of  the  beds  which  occur  interstratified  with  the  ' 
Trenton  limestone.  To  the  passage  of  the  water  through  this  shale 
instead  of  through  the  limestone  may  be  due  the  presence  of  lime  in 
so  small  an  amount. 

Another  analysis,  by  Mr.  Milton  Hersey,  M,  A,  So.,  gave  the  follow- 
ing results  in  grains  per  Imperial  gallon  : — 

*  AlkMine  CarboiwteB  with  a  tittle  Silica. 

t  The  Waters  of  Two  Artesian  Weils  in  the  Eastern  Part  of  ^e  Oity  of  Mo&tTMj, 
B;  J.  T.  Donald.    Can.  Keo.  of  Soienoe,  VoL  V,  No.  2,  April,  1S92. 
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ChloridM  of  Sodium  and  PotaMinra 6' 17 

Sulphates  of  MagDeBium,  Calciuin  and  Sodium 45-37 

Silica 1-65 

Total 5319 

It  is  probable  that  in  this  anatygis  the  targe  proportion  ot  sulphates 
shown  is  due  to  the  calcium,  magnesium  and  sodium  having  been  cal- 
culated aa  sulphates,  although  they  really  ezUt  in  part  at  least  in  other 
forms. 

The  earthquake  which  occurred  in  the  autumn  of  1893  produced  a 
very  perceptible  turbidity  in  the  water,  which  lasted  for  about  a  day 
and  a  half. 

Part  of  the  water  pump<Ml  is  drawn  ofF  immediately  and  used  in  the 
manufaature  of  soda  water  and  ginger  ale,  or  used  for  drinking  pur- 
poses, but  the  greater  part  is  used  to  supply  the  large  and  well  equip- 
ped swimmiDii;  bath,  Turkish  baths,  etc.,  on  the  premises.  This  well, 
considering  the  short  diHtanoe  which  it  was  necessary  to  bore,  and  the 
character  and  the  volume  of  the  water  obtained,  must  bo  regarded  as 
one  of  the  most  successful  borings  which  has  yet  been  made  on  the 
Island  of  Montreal,     [See  fi,gv,Tt  7). 

The  laurie  1,9.— The  Laurie  Engine  Company— 1020,  Si.  Catheri^  ttreet. 

Engine  Com- 

pMir'a  well.  Water  was  first  struck  after  boring  through  65  feet  of  drift  and  85 

feet  of  limestone,  but  boring  was  continued  to  a  depth  of  300  feet. 
The  water  is  clear  and  sparkling  with  a  faint  chalybeate  taste,  and 
rises  to  within  fifteen  feet  of  the  surface.  It  is  too  hard  to  be  used  in 
boilere.     27,000  gallons  are  pumped  daily.    {Seefig^irt  T  and  page  63). 

61. — The  Longue  Pointe  Atylum — Longne  Pointe. 

Water  was  obtained  at  a  depth  of  300  feet  from  the  surface,  the  well 
yielding  nearly  9,600  gallons  perdiem.  The  boring  was  then  continued 
to  a  depth  of  2,000  feet,  but  no  further  supplies  of  water  were  secured. 
The  rock  here  ts  about  4  feet  from  the  surface. 

An  interesting  fact  in  connection  with  this  well  is  that  about  half  a 
mile  to  the  north  of  the  spot  where  the  boring  was  located,  a  spriug 
isRuea  from  the  country  rock  with  a  fiow  of  2,500  gallons  an  hour,  or 
60,000  gallons  per  diem,  the  water  rising  through  a  rather  large  fissure 
which  here  reaches  the  surface ;  while  along  the  line  of  the  boring, 
although  2,000  feet  of  strata  are  traversed,  only  a  single  small  water- 
bearing crevice  was  encountered. 
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5S.—A.  Martin,  Etq.—Lot  1010,  Pariah  of  Laehine. 

In  Binkiiig  this  well,  gw  and  water  were  Btmok  at  460  feet  below  the 
snrface.  ThegaflbiirDedforl2honr8,when  thesiipplybecaiiieexhauBted. 
Boring'woB  then  continued  to  740  feet  without  obtaining  any  greater 
volume  of  water.  The  drift  consists  mainly  of  "  hardpan  "  and  is  66 
feet  thick.  Between  the  hardpan  and  the  limestone  a  thin  layer  of 
quicksand  was  enoountered.  The  water  rises  to  within  eleven  feet  of 
the  surface.  It  le  of  a  good  quality  but  very  hard.  If  it  is  covered 
for  some  time,  a  faint  sulphurous  odour  is  detected.  The  supply  is 
limited,  the  well  yielding  only  about  100  gallons  per  hour.  The  dia- 
meter of  the  hole  is  6  inches. 

55.—3fra.  J.  IfeltUosh—Lot  439,  G6U  St.  Michel. 

The  well  is  120  feet  deep  and  the  water  rises  to  within  four  or  five 
feet  of  the  surface.  It  is  soft  with  slight  chalybeate  and  sulphurous 
taste.  The  tatter,  however,  disappears  on  allowing  the  water  to  stand 
for  some  time.  A  steam  pump  is  used  to  raise  the  water,  the  pipe 
bwng  an  inch  in  diameter. 

57. — Montreal  Brewing  Conyianj/ — 1S34  ^olre  Dame  street  {Lot  19  The  Montre&l 

««.  J-.™.  Ward.)  5:yi";.'£"- 

This  well  is  G02  feet  deep,  the  firet  80  feet  being  in  "liardpan." 
Water  was  first  struck  at  497  feet,  and  from  the  working  of  the  drill 
it  would  seem  that  the  water  rose  from  a  fissure  about  eight  inches 
wide.  The  water  level  is  36  feet  below  the  surface.  The  maximum 
capacity  of  the  well  is  not  known,  bat  it  has  yielded  126,000  gallons 
in  24  hours.     The  bore  is  4§  inches  in  diameter. 

An  analysis  ot  the  water  ti^en  from  the  well  on  April  9|  1896,  was 
made  by  Prof.  J.  T.  Donald.  The  results  are  as  follows,  expressed  in 
grains  per  Imperial  gallon  : — 

Calcium  Carbonate lS-03 

Magnesium  Carbonate 8*19 

Ferrous  Carbonate 1*43 

Sodium  Carbonate 3'76 

Sodium  Chloride 11-01 

Calcium  Sulphate 26-80 

Silica 1-31 

Total  67-02 

14—0—4 
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Free  and  looaely  combined  Cftrbon  Dioxide. I7'36 

Hardness 21-60 

(S^Jigu»  7.) 

68. — Mount  Royai  Cemetery,  near  the  Cnma'oty. 

This  well  ia  351  feet  deep  and  hM  a  capkcit^  of  36,000  gallons  in  34 
hours.  The  hole  is  4|  inches  in  diameter  and  the  water,  which  is  of 
good  quality,  rises  to  within  twenty-five  feet  of  the  surface.  The  bor- 
ing starts  in  solid  rock. 

The  MoniM^      69.— The  Montreal  Cold  Slcrage  Company— SO^-e  10  StPaut  itneL 

Cold  .Stor.([B  ^   " 

C«ii!«iiy-.  This  well  is  1020  feet  deep,  the  firtt  60  feet  being  in  drift  Water  waa 
obtained  which  roM  to  the  surface,  but  the  flow  was  irregular  owing 
to  the  escape  of  gas.  A  pump  arranged  to  take  water  from  the  400 
foot  level  was  then  fitted  in  the  well.  The  first  water  obtained  was 
dark  in  colour,  owing  to  the  distribution  through  it  of  minute  flecks  of 
sulphide  of  iron.  At  the  time  the  well  was  vbiteil  the  water  waa 
running  alternately  darker  and  clearer  at  intervals  of  a  few  minutes, 
giving  off  gas  which  when  ignited  burned  with  a  bright  flame.  After 
pumping  for  a  time  the  preaanr«  of  the  gas  became  so  great  that  the 
pump  rod  could  not  be  forced  down,  and  operations  had  to  be  discon- 
tinued until  the  gaa  escaped.  If  the  well  were  fitted  with  a  pump 
properly  constructed  for  the  purpose,  this  difficulty  arising  from  the 
presence  of  the  gas  would  disappear.  It  is  quite  probable  that  the 
sulphide  of  iron  is  produced  by  the  action  of  the  sulphuretted  water 
upon  the  pump  rods  and  iron  casing,  and  that  by  continuous  pum|Hng 
its  amount  would  greatly  decrease.     {See^fifun  T.) 

63.— The  Montreal  Sunt  Club—Oulremont. 

This  well  was  started  on  rock  at  surface  and  was  drilled  to  a  depth 
of  226  feet.  The  boring  is  six  inches  in  diameter  and  yields  36,000  gal- 
lons of  good  water  in  24  hours ;  the  water  rises,  within  ten  feet  of  its 
surface. 

65. — Montreal  Milting  Company — Park  Aventte,  OuiremonL 

This  well  is  346  feet  deep,  and  is  wholly  in  limestone.     Water  waa 

struck  at  337  feet,  but  boring  was  continued  8  feet  farther,  the  last 

foot  being  in  a  rock  with  a  honeycombed  or  porous  structure. 

The  water  level  is  25  feet  below  the  surface,  and  this  was  not 

lowered  after  pumping  1,700  gallons  per  hour  for  144  hours.     The 

water  is  saline  and  is  unfit  for  use. 
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The  duuneter  of  the  well  is  S  inches.  la  boring  it  vu  found  that 
the  rook  varied  aomewhat  in  hardness,  the  progress  of  the  drill  Taryiog 
from  5  feet  to  30  feet  in  13  hours  (S«efyfur«  8.) 

66.— Mount  Royal  Park. 

This  well  was  sunk  on  the  Mountain  opposite  the  water  tank. 
It  is  66  feet  deep,  4  feet  being  in  drift  and  62  feet  in  the  Esaazite  rook 
which  compoaee  the  greater  part  of  the  Uountain.  The  diameter  of 
the  hole  is  4  inchee.  The  water  is  pure  and  abnnd&nt ;  in  the  spring 
tioie  it  rises  to  the  surface  but  does  not  overflow. 

67.—M<mlreal  Weaving  Oompantf~59S  Clarke  tlreet,  PiWeiS'f.ioMW.  The  Montn 
This  well  is  420  feet  deep  and  with  the  exception  of  5  feet  of  drift  it  ^I™' ' 
is  wholl7  in  the  limestone.  At  the  200  feet  level  a  bed  of  very  hard 
rock  was  struck  tbrougti  which  the  drill  went  very  slowly.  This  bed 
was  probably,  an  intercalated  still  of  igneous  rook,  Tbe  water  rises  to 
within  126  feet  of  the  surface  It  is  pure  and  soft.  800  gaUons  a 
day  are  now  pumped,  but  the  well  bas  a  capacity  of  1 2,000  in  24  hours 
(See  figure  8.) 

68.— Q.  Nantd,  Esq.— Terra  Nova,  CSU  del  Neiges. 

This  well  was  bored  to  the  depth  of  600  feet,  of  which  tbe  first  five 
feet  were  in  drift  and  the  rest  in  limestone.  Tbe  water  is  very  pure 
and  abundant.     It  does  not  rise  to  tbe  surface.    (See  Jigure  9.) 

69. — Outremont  Milling  Company — Outremont. 

The  well  has  a  capacity  of  43,000  gallons  in  24  hours.  This  boring 
is  4  inches  in  diameter  and  has  been  carried  to  a  depth  of  335  feeL 
The  water  is  very  hard  and  rises  to  within  25  feet  of  the  surface.  (See 
figwnS.) 

70. — Judge  Fagnuelo — Pagnuelo  avenue,  Outremont. 

This  well  has  been  sunk  in  limestone  to  a  depth  of  700  feet.  Only  a 
comparatively  small  amount  of  water  being  obtained  work  was  dieoon- 
tinued  at  that  level.  The  well  is  stated  to  havea  capacity  of  about  7,000 
gallons  in  24  hours. 

71. — Mr».  Qitiggtey — South  end  of  Lot  9,  Lonjue  Poinle. 

The  well  is  100  feet  deep,  90  feet  being  in  drift  and  10  feet  ia  lime- 
stone.    It  yields  200  gallons  per  hour.     The  water  is  of  medium  hard- 
ness, and  rises  to  within  nine  feet  of  tbe  surfaoe.     (See  figure  8.) 
14—0—4} 
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72.— A.  Samaay,  Eiq.—Intpeator  atfMt,  (Cadastral  No.  1758  St. 
Antoine  ward), 

Wftter  wu  atruok  at  600  feet  And  rose  to  within  fourteen  feet  oA 
the  BurfMe.  The  Troy  Steun  Lftnodiy  attempted  to  dm  it  for  wuhing 
but  it  was  found  to  be  too  hard.  The  well  has  a  capacity  of  about 
2,000  gallons  per  hour. 

7S.—A.  Bamtay,  Stq.—Codattral  ITo.'  28S,  Lot  4,  Wastmottnt. 
This  well  was  sunk  through  aolid  rock  to  a  depth  of  S80  feet,  water 
beioft  first  struck  at  700  feet.  The  water  risea  to  within  eighteen 
feet  of  the  surface ;  it  is  of  good  qoalitv  although  somewhat  harder 
than  that  of  the  St.  Lawrence  river,  but  it  is  quite  eoitable  for  all 
domestic  purposes.  The  capacity  of  the  well  is  about  16,000  gallons 
per  diem. 

74. — M,  Xh^aume,  Etq. — Foundry,  Inisrteetian  of  Canadian  Pacific 
Raihoay  track  and  Carriire  itrett,  Ville  St.  Louis. 

Tn  boring  this  well,  10  feet  of  sandy  drift  and  290  feet  of  limestone 
were  passed  through  before  water  was  obtained.  The  water  is  rather 
hard ;  it  rises  to  the  surface  bat  does  Dot  overflow.  At  the  time  of 
inquiry  only  100  gallons  were  beini;  used  daily,  but  the  capacity  .of 
the  well  is  about  21,000  gallons  in  24  hours.    {Seefyura  8.) 

MeMra.  75. — Meant.    Sowcm    Brothers,    Ginger  AU  ifanu/aaturart — 618, 

^^^T     BaaudryHr^t. 

This  boring  has  a  depth  of  600  feet,  of  which  the  first  70  feet  was 
through  boulder  clay  and  gravels.  The  water  rises  to  within  sixty 
feet  of  the  surface  and  the  well  has  a  tested  capacity  of  6,000  gallons 
per  hour.  The  water  is  pure  and  the  amount  uaed  daily  in  the  manu- 
facture of  ginger  ale,  soda  water,  etc.,  varies  from  1,500  to  2,000  gal- 
lons. This  is  sometimes  referred  to  as  the  Mooney  well.  {See  figure  7). 

76.— Th*  Royal  GiAf  Clvh—Dixie. 

This  well  is  450  feet  deep  and  yields  28,800  gallons  per  day,  thA 
water  rising  to  within  fiEt«ea  feet  of  the  surface.  The  water  ia  stated 
to  be  of  good  quality.     The  drift  covering  here  is  37  feet  thick. 

77. — The  Salvador  Brewing  Company,  (Reinhardt's  brewary) — 617 
St.  Paul  *tre»t. 

This  hole  is  650  feet  deep  and  has  a  diameter  of  4J  inches.  The 
rock  was  met  with  62  feet  from  the  surface.  The  well  gives  too  little 
water  to  be  of  much  value,  and  like  other  wells  of  this  yield  might  be 
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classed  as  a  dry  well.     Tbe  aotnid  yield  ia  from  300  to  400  gallonB  an 
hour,  or  aboat  8,000  galloua  per  diem. 

78.— The  StMult  au  ReeoUet  CoUega— Black  river.  WeU  at  S&ult 

>□  Becolkt 

In  boring  this  Tell  36  faet  of  drift  was  first  traversed  when  the  College, 
solid  rook  was  reached.  Tbe  boring  was  continaed  in  this,  the  hole 
being  6  inches  in  diameter,  and  at  a  depth  of  100  feet  from  the  sartace 
water  was  stmok  which  could  be  pumped  at  tbe  rftte  of  2,000  gallons 
per  hour.  This  water,  however  was  hard,  and  it  was  therefore  decided 
to  continue  boring  in  the  hope  of  obtaining  a  supply  of  better  water. 
At  a  depth  of  490  feet  from  the  surface,  a  second  water-bearing  crevice 
or  band  was  struck,  and  in  this  tbe  water  was  soft.  The  upper  hard 
water  was  accordingly  out  oGF  trom  the  hole,  and  the  soft  water  de- 
rired  from  the  lower  source  alone  was  used.  This  rises  to  within 
thirty  feet  of  the  surface  and  when  pumped  yields  500  gallons  per  hour. 

79. — I%e  Shawinigan  Water  and  Power  Company — Maiamtnettve. 
This  bole  is  1,017  feet  deep,  but  yields  only  4,800  gallons  a  day,  the 
quantity  being  too  small  to  be  of  value.  Book  lies  60  feet  from  the 
surface. 

80. — Convent  of  the  Sittere  of  Providence — Ifotre  Dame  de  OrHM. 
Tbe  drilling  was  carried  to  a  depth  of  320  feet.  The  hole  is  4}  inches 
in  diameter.  The  rock  was  encountered  22  feet  from  the  surface.  The 
well  yields  48,000  gallons  per  diem  and  tbe  water  is  said  to  be  pure. 

81. — The  Stanley  Dry  Plata  Company — 61S  Lagattchetiire  street. 
Tbe  well  is  1,300  feet  deep  and  yields  about  8,400  gallons  of  good 
water  in  24  hours.  This  bole  is  4j  inches  in  diameter,  and  the  water 
rises  to  within  30  feet  of  the  surface.  Tbe  drift  is  here  40  feet  thick. 
(See  figure  7.) 

82. — St.  Laurent  Convent— St.  Laurent. 

In  this  welt  water  was  obtained  at  250  feet,  The  water  rose  to  the 
surface.  It  is  hard,  with  a  slight  sulphurous  taste  and  tbe  supply  is 
abundant    (See  figure  9.) 

83. — St.  Laurent  College, — St.  Laurent.  Well*  »t  St, 

The  well  is  487  feet  deep.  Id  boring,  tbe  drill  first  passed  through  Colh^  and 
31  feet  of  "bardpan"  and  then  through  436  feet  of  limestone.    Xbe  *^'*""- 
normal  water  level  k  1 3  feet  below  the  surface.     On  pumping,  this  is 
lowered  to  27  feet,  at  which  it  remains  until  pumping  is  suspended. 
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The  wkter  is  pnra  ud  wait.  A.  rough  uulyaii  at  tbft  colleg*  gave  small 
amonntfl  of  lime  aod  magoMia.  The  o^Mcitj  of  the  well  u  not  known, 
but  it  easUj  yields  10,000  galloaa  a  day.     {Set  figure  9.) 

84.— Mr.  Stncari,  Lot  196,  PttiU  Cdtt. 

This  welt  ia  Bimiiar  to  No.  28  in  ererj  partioolar  and  doabtleee  haa 
ita  BOnree  in  the  Mune  water-bearing  sooe  or  bad.  (Sm  page  4^  and 
Jigure  10.) 

86.— T.  A.  Trtnholme,  Btq.-Cadattrai  Nq.  I4I,  C6ta  SL  Pierre. 

In  this  well  water  was  obtained  at  the  depth  of  I6S  feet,  the  drill 
paasing  through  100  feet  of  drift  aod  86  feet  of  limestone.  The  water 
riaee  to  within  twenty-five  feet  of  the  anrfaoe ;  it  is  rery  pure  and 
6,000  gallons  are  pumped  daily.     {Setfigitre  9.) 

S6.—T.  A.  Trenholnf,  Esq.,  Thome  HiU,  C6te  St.  Pierre. 
This  well  is  175  feet  deep,  79  feet  of  drift  and  100  feet  of  limestone 
being  penetrated.     The  water  is  pure  and  abundant. 

Turkish  baih       87. — Turkish  Bath  Hold,  110  St.  Moniotie  iItmL 
well. 

This  well  is  1550  feet  deep,  of  which  the  first  50  feet  is  in 
"  hardpan."  Water  was  struck  which  rose  6  feet  abore  the  surface. 
Although  a  flowing  well,  it  is  neceeeary  to  pump  it  in  order  to  obtain 
the  amount  of  water  required.  The  capacity,  without  lowering  tJie 
water  level  much  below  the  surface,  is  between  4,000  and  5,000  gallonn 
per  day.     The  water  ia  soft  and  slightly  snlphuroos. 

Specimens  of  the  drillings  from  different  levels  were  obtained  and 
these  have  been  examined  with  the  view  of  ascertaining  the  character 
and  thickness  of  the  formations  penetrated  fay  the  boring.  The  resnlta 
show  that  the  well  is  wholly  in  the  limestone  series.  Uere  and  there, 
however,  igneous  rocks  have  been  encountered,  which  are  of  the  nature 
of  dykes  or  intercalated  sills. 

At  a  depth  of  50  feet  from  the  surface  Trenton  limeetoue  was  struck, 
which  formation  continued  down  to  about  the  526  foot  level,  when 
fwsils  determined  by  Dr.  Ami  as  referable  to  the  Birdseye  formation 
were  found.  At  640  feet,  fossils  of  the  Chasy  were  detected.  Judging 
from  the  scanty  evidence  obtained  from  fossil  remains,  combined  with 
the  results  of  a  chemical  examination  of  the  rock,  it  seems  that  thia 
formation  extends  downwards  to  about  the  1426th  foot  level.  At  thia 
depth  magnesian  litnestono^  more  or  lees  impure  and  siliceooa,  were 
mat  with,  and  these  continue  down  to  the  1540th  foot  level.  The  hut  10 
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feet  coosisted  of  aandstoaea  which  represent  the  more  ailiceoas  beds 
of  the  Cftlciferous,  to  wbich  fomuttitHi  the  magneaiaQ  limestones 
presumably  belong. 

The  formatiooB  traversed  and  their  thicknesses  may  be  represented 
in^balar  form  as  follows  : 

Pleistocene  (drift) 60  feet 

Trenton  and  Birdseye  Umeatooe. 590    n 

Chozy  Limestone 786    n 

Cftloiferoos  Limestone 125    n 

Total 1550  feet 

The  Potsdam  sandstone  was  not  reached  in  this  boring  and  it  is 
probable  from  the  tbickaess  of  the  Calciferous  traversed  that  the 
sandstone  is  oonaiderably  below  the  1560th  foot  level.     (See  figwre  7.) 

€8. — The    Wire  and  Gable  Compang — Comer  Guy  a/nd  St.  James  WlmuiS 

Cable  Com- 
alreeU.  pa„y.,  ^^^ 

Water  was  struck  960  feet  from  the  surface,  and  sinking  was  then 
continued  to  a  depth  of  1055  feet  in  hope  of  obtaininf;  a  larger  supply 
of  water,  but  without  success.  The  water  just  rise«  to  the  surface. 
The  yield  of  the  well  was  tested  by  pmnping  f<v  14  ooosecutive  hours, 
at  the  rate  of  3,000  gallons  an  hour.  This  resulted  in  the  lowering  of 
the  level  of  the  water  by  16  feet,  which  lowering  took  place  when  the 
pumping  began,  after  which  time  the  water  level  sunk  do  further. 
The  hole  is  6  inches  in  diameter  down  to  a  depth  of  40  feet  from  the 
surface,  below  which  the  diameter  is  41-  inches.  The  solid  rock  wm 
met  with  57  feet  from  the  surface. 

An  analysis  of  tbe  water  by  Dr.  J.  T.  Donald  gave  the  following 
results  in  grains  per  Imperial  gallon  : — 

Carbonate  of  Lime 22-09 

Carbonate  of  Magnesia. 2 '  79 

Carbonate  of  Iron , 53 

Carbonate  of  Soda. 18-20 

Sulphate  of  Lime 1-24 

Chloride  of  Sodium 1  -55 

Total  solids.... 40-40 
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Sulphuretted  Hydrogen. 

IS.  Canadian  Faeifie  SailuMif/ — OutremonttlforthBndofCadattral 
Lot  No.  SS,  Parith  of  Montraai.  , 

After  trmvening  26  feet  of  cl»y,  the  drill  Btmok  rock  aiid  the 
boring  wu  oootinned  to  the  depth  of  410  feet.  The  wftter  level  ia  8 
feet  below  the  anrfftce,  but  on  pnmpiog  at  the  r&te  of  8,000  gallons 
per  hour  the  levd  ia  lowered  to  32  feet,  6  inches.  The  diameter  of 
the  hole  tor  the  first  ttOO  feet  ia  5}  inohee,  and  is  then  reduced  to  i 
inobea. 

The  water  ia  not  pnro^  bring  "  charged  with  salphnr  and  aalta  "  and . 
is  onstiitable  for  use  in  looomotives.  An  analysis  snppUed  by  tlie 
companj  shows  it  to  have  the  following  compoaition,  in  grains  per 
Imperial  gallon  : 

Caldnm  Carbonate 16*133 

Magneriom  Carbonate 4.347 

Potassiiim  Cbloride 1*34 

Sodium  Silicate  (Na,  Si  O,) 2-56 

Sodinm  Sulphate   3-21 

Oalciam  Sulphate 9-09 

Oxidea  of  Iron  and  Alumina 0'42 

Total 36090 

{8«tfigurt  8.) 

I     19.  Mttart.  Dowm  <£  Co.— Lot  SO^D  Laehitu. 

At  a  depth  of  1,003  feet,  water  was  obtuned  which  roae  to  within 
10  feet  of  the  surface.  At  first,  pumping  was  carried  on  daily  foe  3 
or  4  faoan  at  60  Ibe.  preaanre,  through  a  2  inch  pipe,  mthoat  lowering 
the  level.  The  temperature  of  the  water  was  constant  at  48°  F. 
throaghont  the  year.  An  examination  of  the  water  was  made  hy 
M.  R  Kenrick  Esq.  of  Winnipeg  with  the  following  results  : — 

The  water  was  somewhat  turbid. 

Solids  dried  at  100°  C,  4670  parte  per  million=326-9  grains  per 
Imperial  gallon. 

Loss  on  ignition  1050  parts  per  million. 

Nitrogen  as  Albuminoid  Ammonia 0*06 

"       as  Free  and  Saline 0-31 

"      as  Nitrateti  and  Nitrites 0-21 
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CbloriD«  08  Chlorides 640-00 

PhoBphates tnce. 

Oxyfjen  absorbed  at  80°  F.  in  15  minutes. 0-336 

"  "  4  hours 0744 

On  ignition,  there  was  no  blackening  of  the  total  solids  ■  I  am  of 
the  opinion  that  the  sample  is  fairlf  free  from  oi^anio  imparities,  bat 
contains  too  much  saline  matter  to  be  a  first  class  water.' 

An  analysis  made  by  Frank  Faulkner,  Esq.  is  u  follows  : — 

Free  Ammonia 0.720  parts  per  millioo. 

Albuminoid  Ammonia 0.170         "  " 

The  following  results  are  given  in  grains  per  Imperial  gallon : 

Chlorine 44.80 

Nitric  Add None. 

Sulphuric  Acid 119.28 

Calcium  Carbonate 20.58 

Lime  otherwise  combined 51.83 

Magnesia 22.36 

Soda UndeL 

tialine  residue 271,60 

Organic  and  Volatile  matter 64.46 

Total  solid  reriduo 326.06 

The  following  represents  according  to  Mr.  Faulkner  the  most  pro- 
bable composition  of  the  saline  residue. 

Calcium  Carbonate 20.58 

Calcium  Sulphate 125.84 

Magnesium  Sulphate , 67.86 

Sodium  Chloride   73.92 

Total   288.23 

{Sm  figure  9.) 

SO.   W.  B.  Dickaon,  Esq.— Lot  21  Longue  Pointe. 

This  well  is  170  feet  deep,,  100  feet  being  in  drift  and  70  in 
limestone.  The  water  rises  to  within  13  feet  of  the  surface.  It  is 
impure,  saline,  and  strongly  imprngnated  with  sulphuretted  hydrogen. 
The  water  pumped  the  first  two  days  was  perfectly  black,  but  it 
gradually  became  dearer.     {3m  figure  8.) 
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43.  CKm.  Gurd,  Biq.S9-i2  Jurors  tlirteL  Lot  696. 

Iq  siDking  this  woll,  limeetone  waa  struck  18  feet  from  the  snrface, 
uid  water  was  first  obtained  at  440  feet  but  the  snpplf  was  yeiy  limited, 
beoominf;  exhausted  in  8  hours  when  pumped  through  a  2  inch  pipe. 
Boring  was  ttien  oontinued  to  512  feet  and  water  was  struck  which 
rose  to  the  surface  and  flowed  at  the  rate  of  600  gallons  in  24  hours. 
On  pumping,  Uowerer,  it  will  yield  4,000  gallons  in  the  same  time,  but 
if  forced  aborn  that  the  well  is  drained  below  the  360  foot  level  where 
Uie  pipe  ends,  and  some  hours  elapse  before  it  refills.  The  water  is 
strongly  impregnated  with  salphuretted  hydrogen  gas,  reeembling  ia 
this  respect  the  water  obtained  at  Viau's  wall,  Haisoimeuve.     (See 

44-  ^f-  Hampton — Lot  ^O  Longve  Pointe. 

This  well  was  snuk  in  limestone  co  the  depth  of  602  feet,  when  an 
impure  saline  water  strongly  impregnated  with  sulphuretted  hydrt^en, 
was  struck.     The  water  is  unfit  for  use. 

Well  o(  52.  Mettrt  LoveU  and  Chri»tmai~6S  William  street. 

Mean. 

Lowell  snd  Tbis  hole  is  6 1 2  feet  deep  and  has  a  diameter  of  6  inches.  The  water 

is  slightly  sulphurous  and  rises  to  within  30  feet  of  the  surface.  The 
well  has  a  capacity  of  60,000  gallons  a  day,  and  the  firm  in  1903  were 
regularly  pumping  43,200  gallons  per  diem.  When  pumping,  the  water 
level  ia  lowered  to  168  feet,  below  the  surface.  The  rook  is  met  with  at 
a  depth  of  62  feeL  This  water  was  examiaed  by  Milton  L.  Hersey,  M, 
App.  Sc.  who  reports  upon  it  as  follows  i 

'  Odor  of  water Sulphuretted  hydrogen. 

Appearance  of  water. ....  Turbid,  when  pumping  ia  stopped. 

Temperature  of  water 60'  F. 

Total  solid  matter  on  evaporation. ....  600  parts  per  million. 

Solids  volatile  on  ignition 130  parts  per  million. 

Odor  of  solids  on  ignition none. 

Charring  of  solids  on  ignition none. 

Organic  matter  (oxygen  consumed). ,  .1.36 parts  per  million. 

(Tbis  b  really  not  due  to  organic  matter  but  to  the  presence  of 
sulphuretted  hydrogen  and  other  sulphur  compounds). 

Chlorine  as  chloridea 127.71  parts  per  million. 

Free  ammonia 0,784  parts  per  millioo. 


Chriitmtf. 
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(Thta  quantity  of  froe  ammoou  is  more  ftppkreab  than  real  on  aoooont 
of  the  preMnce  of  enlphnretted  hydrogen). 

AlbumiDoid  Ammonia 0.051  parta  per  million. 

Total  Ammonia 0.835  parts  per  million. 

Nitrogen  as  Nitrites very  faint  traces. 

Nitrogen  aa  Nitrates ,  . : .  none. 

Gas  producing  bacteria  in  pheool-deztrose  broth.  ..none  whatever. 

I  oonsider  this  water  free  from  objecUonaUe  oontaminatimi  so  far 
as  its  sanitary  properties  are  concerned.' 

54.  Metntrs.  A.  S.  and  W.  H.  Masterman—2082\  Noire  Dame  utreet,  WbU  of 
Cadaalral  No.  ISOS  St.  Anne'g  ward.  ^W.  H.  ^' 

In  the  case  of  this  well  rock  was  struck  68  feet  from  the  surface, 
and  water  was  obtained  at  750  feet.  Soring  was  continued  to  800  feet, 
the  last  50  feet  being  to  provide  a  sink-hole  for  the  sediment.  The 
water  level  is  10  feet,  10  inches,  below  the  surface,  and  the  supply  is 
stated  to  be  nndimiaished  when  pumped  at  the  rate  of  3,000  gallons 
per  hour. 

An  analysis  by  Dr.  G.  F.  Oirdwood  is  given  below,  the  results  being 
stated  in  grains  per  Imperial  gallon  : 

Calcium  Carbonate S3.3S 

Ferrous  Carbonate 0.44 

Sodium  Chloride 15.36 

Magnesium  Chloride 13.11 

Calcium  Chloride 26.80 

Calcium  Sulphate 1.28 

Silica 3.08 

Total 83.42 

Free  ammonia 20  parts  per  millioa. 

Albuminoid  ammonia. 11  parts  per  million. 

Some  Sulphuretted  Hydrogen  is  also  present. 

The  earthquake  of  1897  did  not  afiect  this  well,  but  that  of  1896 
broke  the  iron  casing  40  feet  below  the  surface  and  necessitated  ita 
removal.     (Seajtgure  7.) 

66.  MaBtra  J.  H.  S.  MoUon  and  Srothen — 1,006,  Noire  Dame  atrnet.  Well  oi 

The  well   is   situated  on  Cadastral    No.   26  of  St   Mary's  ward,  K.  Mulsoi^ 

being  the  south  comer  of  Notre  Dame  and  Monarque  streets,  at  what  '        ">    «■. 
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is  ktkown  u  Mobon's  Bravery.  Wftter  wm  obUined  at  m}^>Ui  of  430 
feet  The  boring  wm  then  oontinDed  to  a  depth  of  672  feet  without 
obtftiniag  Any  inoreMed  supply.  The  Wftter  risee  to  within  twenty-four 
feet  of  tiie  eorfue^  but  ia  lowered  by  pumping  to  eighty-thrae  feet,  the 
well  yielding  4,700  g&Uons  per  boor.  The  hole  is  SJ  iaohee  in  diMneter 
down  to  the  aolid  rock,  then  6  inchee  for  the  next  forty-two  feet,  when 
it  ia  reduced  to  k  diameter  of  4j  inches.  As  usual  in  the  wells  in  this 
lower  part  of  the  city,  tlie  drift  oovering  is  very  thick,  here  amounting 
to  83  feet.     The  temperatun  of  Uie  water  is  62°  Fi^. 

The  reeulta  of  an  analysis  of  Uie  water,  made  for  Ueasre.  J.  H.  R. 
Molaon  A  Brothers,  are  as  follows,  stated  in  parte  per  100,000  andalao 
in  grains  per  Imperial  gallon : — 

Fwta  per  Qrniu  to  the 

100,000.  B»IloiL 

Calcium  Carbonate  11.36 7.95 

Magnuium  Carbonate    B.83 6.18 

Sodium  Snlphato 40.77 28.54 

Sodium  Chloride. 23.23 16.66 

Sodium  Carbonate 16.44  11.61 

Potassium  Sulphate 3.01 S.Il 

Silicates  of  Iron  and  Alumina.      2.13 1.49 

Fixed  Mineral  SalU 104.76 73.34 

Total  Solid  Residue  at  127°  C.  107.64 76.35 

Loss  on  gentle  ignition  of  resi- 
due      2.88 3.02 

Free  Ammonia 018 

Albuminoid  Ammonia 006 

Nitrates  Nil        

Nitrites Nil        

Chlorine 13 .  49 9.44 

Phosphates Trace. 

Iron  in  Solution  Nil 

TotaJ  Hardnesa  (soc^teat).. 34.40 

Temporary  Hardness  (soap  teet) 1 1 .  60 

Permanent         do  do .    12.80 

The  water  has  a  saline  taste,  a  marshy  odour  and  an  opalescent 
colour.  It  gives  an  alkaline  reaction  with  litmus  piq>er.  The  "  biolo- 
gical condition"  of  the  water  is  atated  by  the  uialyst  to  be  ' 
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factory  ",  bat  this  fact  oa  well  as  t^e  saliiifl  character  of  the  water  is 
of  little  oonseqneDoe,  since  the  firm  requires  the  water  merely  for 
oooling  purposes.     (Seefigun  7.) 


This  well  ia  BU   feet  deep  and  yields  1,200  gallons  ao  hour,  ^'j^^^^" 
the  water  rising  to  within  ^5  feel  of  the  surface  and  having  a  strong  {md;. 
odour  of  sulphuretted  hydrogen.     The  solid  rook  was  encountered  27 
feet  from  the  surface. 

Two  analyses  of  this  water  were  made  by  Milton  L.  Hersey,  M.  App. 
So.,  the  first  being  of  a  sample  collected  on  July  23,  1903,  being 
pumped  from  a  depth  of  2S  feet  below  the  surface,  and  the  second  col- 
lected on  September  14,  1903,  being  pumped  from  a  depth  of  125  feet. 

The  results  of  these  analyses  are  as  follows  in  grains  per  Imperial 
gallon : — 

Jaly  23,  Sept  14, 

VM.  1903. 

Calcium  Carbonate 1.39 none. 

Magnesium  Carbonate. 1.57    trace. 


Sodium  Sulphate 

"       Chloride 

"       Carbonate 

SUica. 

::} 

2.52.*... 
1.61...'. 

29.00 

.21.... 

.60.... 
36.70 

. . . .     4.72 

..   10.39 

, ...   41.86 

66 

Alumina 

Total  Solid  Matter.. 

. ...  trace. 
57.63 

88.  MeMra  ViauA  Frire—MaxMonneuve,  Subsection  of  Lot  6,  Longue '^^^  °^„ 

„    ,  .-  >         -a        Messrs.  V 

PoxtUe.  '  k  Fi^re. 

This  boring  was  made  in  the  hope  of  striking  natural  gas.  Bed  rook 
was  anoountered  after  the  drill  had  passed  through  90  feet  of  drift  At 
460  feet  good  wat«r  was  met  with  which  rose  to  within  10  or  12  feet 
of  the  surface.  The  boring  was  continued  to  a  depth  of  1,190  feet, 
when  water  strongly  impregnated  with  sulphuretted  hydrt^n  was 
struck,  which  rose  to  the  surface  and  flowed  at  the  rate  of  6,000  gallons 
in  24  hours. 

The  final  depth  reached  was  1,500  feet  and  it  is  stated  that  the 
only  rock  encountered  was  limestone. 

On  the  oompletioD  of  the  well  a  sample  of  the  water  was  collected. 
This  was  anal^ed  in  1890,  by  Dr.  Frank  D.  Adams.     The  water  when 
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rsMiTed  for  auftljua  bad  «  faiot,  yet  decided  odoar  ol  snlphnrattad 
bjdrojen,  nod  oontained  &  trifling  amonnt  of  •edimeiii.  Tbe  coloor  of 
the  deu  water  in  a  oolumn  2  feet  in  height  wm  light  yellow  ;  the  teat* 
mildly  taline  ;  the  reactioa  faintly  alkaline.  The  ipeoific  gravity  at 
16.5*  G.  waa  1.00631.  The  total  dinoWed  matter  by  direct  experi- 
ment, dried  at  180*  C.  in^I.OOO^parU  by  weight  of  water  waa  7.4129. 
The  water  contained  for  1,0U0  parte  l^  weight  :— 

Potaasa 0.t»0 

Soda 3.3899 

Litbia undetermined. 

Lime 0.836 

SlroDtia UBdetermined. 

Magnesia 0.1165 

Ferrous  Oxide . .  undetermined. 

Alumina   trace. 

SnlpburicAcid 1,6636 

Boracic  Acid undetermined. 

Carbonic  Acid 0.3819 

Phosphoric  Acid undetermined. 

Chlorine 2.4623 

Iodine 0.000037 

Bromine undetermined. 

Silica 0.-0135 

Organic  Matter undetermined 

Total 8.130327 

Lees  Oxygen  equivaleatto  Chlorine 0.6655 

7.574827 
Sulphuretted  Hydrogen — when  rec«Ted. . .  0.0098 

The  conslituenta  may  be  aaaumed  to  exist  in  tbe  water  ctHubined  aa 
follows  ;  tbe  oarbonatei  being  calculated  as  moao-carbooatea,  and  all 
the  Milta  being  estimated  ae  anydroua. 

Calcium  Carbonate   0.0856 

Magnesium  Carbonate 0.2447 

Potassium  Chloride 0.0301 

Sodium  Chloride 4.0968 

Sodium  Sulphate 2.6624 

*  OeoIoKioil  Survey  of  Cuiada.    Report  nf  Progren,  VOL  IV,  18  B. 
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Otlfflnm  Sulphate 0.0867 

Alnmiu tnoe 

Sitica 0.0185 

7.3587 

Oarbonio  Acid-half  com bioed 0.1658 

Carbonic  Acid-free 0.0503 

7.5748 

These  quaDtities  if  calculated,  for  purpoMB  of  comparison  witJi  th« 
other  waters,  as  grains  per  Imperial  gallon,  would  be  as  follows  : 

Calcium  Bicarbonate 8.617 

UagnsBium  Bicarbonate 26-103 

Potassium  Chloride 3.107 

Sodium  Chloride 282.606' 

Sodium  Sulphate 300.368 

Calcium  Sulphate 6.069 

Silica 0.945 

Alumina .    trace 

626.715 
Free  Csrbonic  Acid 3.621 

Total 630.236 

DRT  WELIB. 

33.^The  Sxcelnior  Woollen  MiUa—967  Ontario  streef.  D 

This  well  is  300  feet  deep. 

S9.—Th«  Gouiil  Cold  Storage  Company— W  WiUiam  atraet. 

This  well  was  sunk  to  the  depth  of  500  feet  At  that  level  the  drill 
was  lost  in  a  crevice  in  the  rock  and,  not  being  recovered,  operations 
were  not  resumed. 

50.— The  Laurie  Engine  Company— 1012  St.  Catherine  Street. 
This  hole  was  bored  a  short  distance  from  the  well  previously  men- 
tioned.    {See  page  48.)    It  has  a  depth  of  700  feet 

60  and  61. —The  Montreal  Oa»  CompoMy-Hochtlaga. 
Two  borings  were  made,  about  600  feet  apart,  the  respectire  depths 
being  1850  and  2560  feet.    Of  the  deeper  well  a  set  of  20  specimens 
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wu  obtained  from  Hr.  W.  Bell  for  axuniaktion.  They  were  taken 
from  between  the  2200  and  2373  toot  levels.  Withoat  exoeption  they 
were  fonnd  to  be  fine-grained,  impare,  ■iliAeoos  dolomites,  asKxriated 
with  thin  beds  of  dolomitio  shale.  At  the  2373rd  foot  level  the  limestone 
was  ao  impure  that  the  chips  retained  their  original  forms  after  boil- 
ing in  dilute  hydrochloric  add. 

For  porpoees  of  oomparison,  typical  speoimeos  of  the  rock  of  the 
Caloiferoni  from  Laohnte  and  8te.  Anne's  were  examined,  as  weO  as 
some  from  the  Ohazy  and  Trenton  fonnatiooa.  It  was  found  that  the 
CalciferouBspecimena  were  identical  in  character  with  the  rook  obtun- 
ed  frwn  the  boring,  and  it  seema  highly  probable  that  the  Qas  Com- 
pany's borings  terminated  in  the  Caloiferoos  iaodrock  formation. 

At  2,200  feet  and  2,325  feet  respectively,  chips  were  found  which 
are  evidently  of  igneous  origin,  one  a  dark  basic  mica  trap,  and  the 
other  a  much  deoomposed  porphyrite.  These  two  are  probably  frag- 
ments of  dykes  which  are  oonneoted  with  the  intmsion  of  Mount 
Royal. 

6£. — Montreal  Oat  Companjf — OttauM  tirael. 

After  boring  through  90  feet  of  "  hardpan"  and  960  feet  of  lime- 
stone, operations  were  discontinued. 

There  are  two  other  wells  which  are  worthy  of  mention,  although 
they  have  not  been  included  in  the  list  given  above,  becsnse  in  one 
case  the  well  is  not  actually  on  the  Island  of  Montreal,  and  in  the 
other  case  the  well  was  bored  at  a  later  date  than  Deoember31, 1903, 
having  been  completed  in  the  spring  of  1901. 

7%s  Laprairie  Pre§ged  Brick  Companj/ — Laprairi«. 

A  boring  was  made  through  1,000  feet  of  shales,  without  meeting 
limestone  and  without  obtaining  water.  This  boring  not  being  actually 
on  the  Island  of  Montreal  is  not  included  in  the  tabulated  list. 

C6te  (2m  Neige»  Cematery — Montreal. 
This  well  is  of  espeoial  interest  on  account  of  the  fact  that  it  starts 
at  the  surface  in  the  Eesezite  intrusion  of  Muunt-Royal — which  un- 
derlies the  greater  part  of  this  cemetary-^^nd  continues  down  this 
intinsion  to  a  depth  of  486  feet.  Whether  the  Essezite  maintains  a 
uniform  character  throughout  this  whole  distance  is  not  known,  but 
the  powdered  rock  brought  up  from  depths  of  483  feet  and  ISO  feet, 
and  a  fragment  of  the  rook  from  a  dq>th  of  486  feet  have  been 
obtained  fr<Mn  Mr.  William  Bell  who  drilled  the  hole  and  th^  show 
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that  the  well  ended  as  it  began  in  Essexite.  Thin  sections  made  from 
the  fragment  obtained  from  the  bottom  of  the  well,  show  that  the 
Easezit«  there  is  of  medinm  grain  and  very  bade  in  character  being 
composed  essentially  of  f^roxene  and  Horableade  with  acoesBOry 
Ma^etite,  Biotite,  Apatite  and  Fyrite.  It  is  possible  that  a  little 
Olirine  ia  also  present.  This  rock  therefore  represente  the  Pyroxenite 
differentiation  facies  which  ia  oEten  largely  developed  at  the  surface.  It 
closely  resembles  certain  black  rarieties  tii  the  rock  found  in  the  ceme- 
tary  near  tJie  contact  of  the  Nepheline  Syenite  intrusioD  where  this  ia 
quarried  at  Ontremont.  The  rock  from  486  and  486  feet  contains  a 
certain  amount  of  plagioclase. 

The  precise  level  of  the  spot  where  this  boring  was  commenced  has 
not  as  yet  been  determined,  but  b  probably  somewhere  about  600  feet 
above  sea  level,  so  that  the  bole  penetrates  the  mountain  down  to 
about  the  level  of  the  St.  Lawrenoe  River. 

It  yields  bat  little  water.  Ur.  Bell  states  that  he  pumped  1,500 
galloDS  when  testing  it. 

OHEinCAL  OOMFOSinON  OF  THE  WATEBS. 

Uoet  of  the  waters,  as  has  been  shown,  are  potable,  but  some  of  Chemioal 
them  are  hard,  owing  to  a  oonaiderable  content  of  lime  or  magnesia  ^^^^Kten. 
salts  and  are  therefore  unsuitable  for  use  in  steam  boilers.  Others, 
however,  are  soft  and  adapted  for  such  use.  Some  few,  on  the  other 
hand,  are  impregnated  with  sulphurous  compounds  or  are  too  saline 
in  character  to  be  of  use  except  for  cooling  purposes.  As  has  been 
mentioned,  a  throughly  satisfactory  comparative  study  of  the  compo- 
sition of  the  various  waters  cannot  be  made,  owing  to  the  fact  that 
those  of  which  analyses  exist  have  been  analyzed  by  different  chemists 
who  mpy  have,  and  in  all  probability  have  to  a  certain  extent  at  least, 
followed  different  plans  in  combining  the  difiierent  acids  and  bases, 
tlie  amounts  of  the  several  acids  and  bases  actually  determined  not 
being  stated.  The  analyses,  furthermore,  have  been  mode  merely  for 
technical  purposes  and  are  in  most  cases  incomplete.  A  comparative 
examination  of  them,  however,  brings  out  some  interesting  points. 

Or.  Sterry  Hunt,  many  years  ago,  made  a  somewhat  extended  study  ^i  cluaee  of 
of  bhe  waters  of  the  mineral  springs  which  at  many  points  rise  through 
the  unaltered  palieozoic  strata  of  the  Provinces  of  Quebec  and  Onta- 
rio *  and  found  that  these  might  be  divided  into  six  classes  as  follows : 

'Geok^y  of  CaoadK,  p.  631  et  Bsq. 
14_o— 5 
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Olui  I.  Skline  VRtors  contaioiiig  Bodium  chloride  withlkrgQ  propor- 
tions of  calcium  and  tnagDesium  chlorides,  sometimM  with  ralphates. 
Oalcinm  and  magnesium  carhooatea  are  present  only  in  very  small  quan- 
tities or  are  altogether  wanting. 

Olan  n.  Saline  waters  which  differ  from  the  first  in  coataioing  be- 
side sodium,  calcium  and  magnesium  chlorides,  considerable  propor- 
tions of  calcium  and  magneeinro  bicarbonates,  the  latter  carbonate 
usually  preponderating. 

Clui  in.  Saline  waters  which  contain  beside  sodium  chloride,  a 
portion  of  sodium  carbonate,  with  oalcinm  and  magoesium  bicarbo- 
natee. 

daw  17.  In  these  waters  sodium  carbonate  preponderates.  Thej 
contain  but  a  small  proportion  of  sodium  chloride,  and  generally  hold 
a  much  smaller  amount  of  solid  matter  than  the  waters  of  tbeprSTiouB 


CIam  V.  Waters  containing  a  large  proportion  of  free  sulphuric  acid. 

ClMi  TI.  Neutral  saline  waters  in  which  calcium,  magnesium  and 

alkaline  sulphates  predominate,  chlorides  being  present  only  in  small 

amount. 

CImm  to  The  waters  from  the  deep  wells  of  the  Montreal  district  cannot  of 

Hontre^"        course  in  the  majority  of  caaes  be  classed  as  mineral  waters,  being  for 

*r**^"*       the  most  part  of  potable  quality,  but  those  among  them  which  are 

saline  waters  can  be  so  classed,  and  all  of  them  rising  from  the  same 

great  plain  as  the  wat«r8  studied  by  Dr.  Hunt  might  be  expected  to 

possess  t^e  same  general  characters  in  respect  of  the  natttre  of  the 

dissolved  materials,  although  containing  tbese  in  lesser  amount. 

An  inspection  of  the  analyses  given  in  this  R«port  will  show  that 
there  are  among  them  no  representatives  of  Dr.  Hunt's  classes  I 
and  Y,  white  some  of  the  waters  do  not  seem  to  be  referable  to  any  of 
the  classes  which  he  has  established  but  to  present  intermediate 
characters. 

Class  TI  is  represented  by  Messrs.  A.  S.  &  W.  S.  Masterman's  well, 
although  the  water  is  not  a  very  highly  saline  one. 

To  Class  III  is  to  be  referred  the  water  of  the  well  put  down  by 
Messrs.  Belding,  Paul  &  Co. 

Several  of  the  waters  are  clearly  referable  to  Class  IT  of  Dr.  Hunt's 
series,  being  characterized  by  a  predominance  of  sodium  carbonate. 
Of  these,  the  water  of  the  Laurentian  Baths,  that  of  the  Montreal 
Locomotive  and    Machine  Company,  that   of   the   Canadian  Pacific 
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Btulway  ohops  at  Hocheloga  and  of  Mr.  Galibert'd  well  mvy  be 
iostaaced.  The  water  obtained  hy  the  Wire  and  Cable  Company 
belongs  to  this  class,  although  it  contains,  in  addition  to  the  sodium 
carbonate,  a  coneiderable  proportion  of  calcium  carbonate  and  some 
magneiinm  carbonate,  thus  resemblini;  the  water  from  St.  Ours, 
analyzed  by  Dr.  Hunt. 

Class  YI  is  represented  by  the  water  obtained  by  Messrs.  Dawes 
&  Co.,  at  Lachine. 

The  waters  from  the  well  owned  by  Messrs.  Viau  &  Fr^re  and  that 
of  Messrs.  J.  H.  R.  Molson  &  Brothers,  on  the  other  hand,  are  not 
referable  to  any  of  Dr.  Hunt's  classes,  containing  as  they  do  large 
proportions  of  sodium  chloride  and  sodium  sulphate,  with  smaller 
amounts  of  calcium  or  magoeaium  carbonnte  ;  the  latter  water  which 
is  much  lees  saline  than,  the  former  coataiuing  in  addition  a  notable 
quantity  of  sodium  carbonate.  In  the  case  of  the  Yiau  well,  however, 
as  mentioned  below,  it  is  known  that  water  enters  the  bore  hole  at 
two  distinct  levels,  the  two  waters  differing  in  character. 

Among  the  waters  of  the  first  four  classes,  Dr.  Hunt  considers  the  Source  of  the 
chlorides  of  the  alkalies  and  alkaline  earths  (calcium  and  magnesium)  alkaline 
which  they  contein,  to  have  their  origin  in  the  limestones  of  the  oarbonMesi. 
underlying  palaeozoic  strata,  from  the  Potsdam  or  the  Trenton  inclu- 
sive; while  the  sodium  and  pola«sium  carbonates  he  believes  to  be 
derived  from  the  argillaceous  sediments  which  make  up  the  Utica  and 
Hudson  river  formations,  these  sediments  conteining  alkaline  silicates 
whose  slow  decomposition  yields  to  the  infiltrating  water  the  alkaline 
carbonates  and  silicates  which  characterize  the  waters  of  Class  IT. 

The  waters  of  the  latter  class,  however,  on  the  Island  of  Montreal 
cannot  find  their  origin  in  strata  of  these  ages  for  the  borings  all  start 
in  much  lower  rocks.  If  they  derive  their  alkaline  carbonates  from 
shales,  it  must  therefore  be  from  the  shaly  beds  interstratified  with  ' 
the  Trenten  or  Chazj  limesteoes,  of  the  same  age  as  those  which  Hunt 
supposes  to  be  the  source  of  these  salts  in  the  waters  of  the  Caledonia 
and  Fitzroy  Springs  oE  the  Ottawa  Valley.'*  In  confirmation  of  this, 
it  will  be  noted  that  the  several  wells  above  mentioned  as  affording 
the  softalkaline  waters  of  ClassI  Vare  all  comparatively  shallow  borings, 
ranging  from  266  feet  to  567  feet  in  depth. 

As  an  evidence  that  the  different  classes  of  waters  have  their  origin  Waters  of 
in  different  strata.  Dr.  Hunt  further  mentions  that  springs  which  are  clmwe'MiBinK 
unlike  in  composition  are  often  found  in  close  proximity  and  apparent-  ^"^  the«>me 

•  Geolt^y  tA  Can»dB,  p.  562.  "*' 
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\j  liaiDg.  trooi  ft  oommon  Asaura  or  dislooation ;  and  he  mentioiu  unong 
others  &  oaae  in  th«  Seigoioriw  of  Nioolet  and  La  Bue  dn  Febrre, 
when  six  aprings  rue  through  the  Utica  shale  along  a  line  in  a  dia- 
tance  of  about  eight  miles.  Ot  these,  two  belong  to  Class  II,  two  to 
Glass  III  and  two  to  Claw  IV.  Them  last  Dr.  Hunt  considers  to  be 
probably  derived  from  the  shales,  while  the  otiiers  have  their  source 
in  the  nndarlying  limestones  and  are  more  or  less  modified  in  their 
•scent.*  A  somewhat  similar  diversity  of  origin  must  be  ascribed  to 
the  waters  of  the  Montreal  district,  where  an  equally  wide  range  in 
cotupoeition  is  presented  in  an  area  which  is  much  more  limited  in 
extent.  As  has  been  mentioned,  the  highly  saline  waters  here  usually 
come  from  the  deeper  wells,  and  an  excellent  case  in  point  is  afforded 
by  the  boring  pat  down  by  Messrs.  Viau  &  Fr^re,  at  Maisonneuve,  in 
which  "  good  water  "  was  struck  at  450  feet  which  rose  to  within  10 
or  12  feet  of  the  snrface,  but  the  boring  being  continued  to  greater 
depths  in  the  hope  of  obtaining  gas,  highly  saline  and  sulphurous 
water  was  met  with  at  1,497  feec,  which,  minj^ing  with  that  first  en- 
oouDtered,  roae  to  the  surface  and  overflowed  at  the  rate  of  5,000  gal- 
lons per  day. 

Additkcwl  Much  additional  information  regarding  these  waters,  bearing  npon 

miLy  be  looked  the  question  of  their  composition  in  relation  to  the  depths  from  which 
I^^H"        they  rise,  will  undoubtedly  be  accumulated  as  time  goes  on,  additdona] 
wells  are  bored  and  a  greater  number  of  the  waters  are  analyzed. 

Another  point  on  which  additional  information  may  be  looked  for 
is  the  question  as  to  whether  any  change  will  be  observed  in  the  cha- 
racter of  the  water  yielded  by  a  single  well  as  it  continues  to  be  pump- 
ed for  a  series  of  years.  The  only  well  in  the  district  from  which  any 
information  has  been  obtained  on  this  point,  up  to  the  present  time, 
is  that  put  down  by  Messra  Robert  White  &  Co.,  at  the  Laurentjan 
Baths.  Four  analyses  of  this  water,  taken  at  intervals  during  a  pe- 
riod extending  over  twelve  years,  have  been  given  on  page  47.  A 
consideration  of  these  will  show  that,  while  the  total  amount  of  dis- 
solved matter  has  varied  considerably  in  different  years,  the  relative 
proportions  of  the  several  salts  held  in  solution  by  the  water  has  not 
OD  the  whole  altered  much.  There  is,  however,  on  the  whole,  a  slight 
falling  off  in  the  amount  of  sodium  carbonate  and  a  slight  inorease  in 
sodium  sulphate  present,  as  the  years  have  passed. 

'Chemical  Kid  Geological  Eusaya.  p.  157. 
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From  the  exumination  of  the  available  data  in  connectioD  with  the  (leDeral  con- 
auaiy  wells  which  hare  been  sunk  on  the  Island  of  Montreal,  it  seems' 
certain  that  there  le  no  distinct  water-bearing  horizon  in  the  farm  of  in- 
terstratified  permeable  beds.  The  water  pasaea  through  the  limestone 
series  in  large  amount,  following  underground  chaoaels  whioh  have  the 
form  of  irregular  flsanres.  These  fissures  no  doubt  reeult  from  the  enlar-  Water  oartit 
gement  of  joint  and  bedding  planes  or  of  irregular  cracks  in  the  lime-  • 
stone,  by  the  solvent  power  of  the  waters  passing  through  them. 
These  enlarged  fissures  evidentijr  form  an  irregular  and  complex  system 
of  water  channels  passing  through  the  limestonee,  and  occur  at  all 
depths  below  the  surface  hitherto  reached  hj  boring.  The  fact  that  the 
waters  follow  the  courses  of  irregular  fissures  and  not  of  well-defined 
porous  beds  is  conclunively  demonstrated  by  the  very  difierent  results 
obtained  by  borings  put  down  in  the  immediate  vicinity  of  one  another. 
As,  for  instance,  on  the  property  of  Messrs.  William  Dow  &  Co.,  the  C.F. 
R,  workshops  at  Hochelaga,the  Excelsior  Woollen  Mills,  and  elsewhere; 
wells  afibrding  an  abundant  supply  of  water  being  situated  in  the 
immediate  vicinity  of  equally  deep  borings  which  supply  little  or  no 
water.  The  lAurie  Engine  Company,  having  bored  a  hole  to  the 
depth  of  700  feet  without  striking  water,  in  another  boring  a  few  feet 
away  obtained  water  at  a  depth  of  300  feet.  The  character  of  the 
water  also  obtained  from  wells  in  the  immediate  vicinity  of  one  ano- 
ther differs  greatly,  as  well  as  the  height  to  which  the  waters  rise 
within  the  boring.  A  striking  instance  of  this  is  afforded  by  the  three 
wells  at  St.  lAurent  which  were  put  down  by  the  College,  the  Convent 
and  Mr.  Consineau.  In  these,  the  water  was  struck  at  depths  of  487, 
2S0  and  128  feet,  respectively.  The  water  in  the  first  stands  at 
13  feet  and  is  soft  and  slightly  sulphnrous,  that  in  the  second  rises  to 
the  surface  and  is  very  hard,  while  in  the  third  well  the  water  riaw  13 
feet  above  the  surface  and  is  of  moderate  hardness. 

In  some  cases  the  fissures  eon  be  distinctly  recognized  in  boring  the  Fiuurea  in 
well,  the  drill  dropping  into  an  open  space,  this  open  space  being  in  J!^^^^^^ 
some  instances  empty  but  in  other  cases  carrying  an  abnudant  supply  '"  t>a"°fC> 
of  water.  In  the  case,  for  example,  of  one  well  put  down  by  the  Gould 
Cold  Storage  Co.,  as  has  been  mentioned,  the  boring  tool  became  so 
firmly  jammed  in  a  transverse  fissure  that  the  hole  had  to  be  aban- 
doned. 

In  the  wells  put  down  by  Mr.  J.  N.  I>rummond  of  Petite  C6te  and 
by  the  Montreal  Milling  Co.,  at  Outremont,  "  breccia  "  and  "  honey- 
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comb^"  respectively,  wer«  sUtod  to  form  the  wRter-beuing  rock.  Theee 
probably  represent  impare  beda  or  fianires  imperfectly  clenred  out,  the 
more  soluble  materid  luiTUig  been  abetnuted.  In  the  cue  of  the 
LanrentiaD  Baths  well  oa  Craig  street  and  Dr.  Craik's  well  at  Petite 
CAte,  the  water  rises  from  shaly  layers  which  probably  represent  the 
insoluble  residtie  of  a  bed  of  ar^Ilaceous  limestone,  into  which  the 
water  moving  throught  the  Gssnres  bad  here  found  its  way. 

Many  details  of  evidence  in  support  of  the  fact  that  the  movement 
of  the  waters  is  through  fiMurea  will  be  met  with  in  the  daocriptions 
of  the  various  wells,  already  given.  The  accompanying  graphic 
diagrams  of  the  wells  will  show  the  great  variations  in  depth  at 
which  water  was  struck  in  the  wells  in  question,  the  height  to 
which  water  rises  in  tfaem,  and  in  the  thickness  of  tbo  drift ;  all  these 
haviug  been  plotted  with  reference  to  sea  level 

The  course  of  the  underground  waters  is  also  without  doubt  in  many 
places  rendered  still  mora  irregular  by  the  dykes  and  sheetA  of  imper- 


The  amount  of  water  now  pumped  daily  from  the  wells  is  very  large 
and  most  of  them  are  not  by  any  means  pumped  to  their  full  capacity. 
In  fact,  the  capacity  of  many  of  them  has  never  been  determined,    ' 
since,  when  found  to  yield  sufficient  for  the  purposes  required,  no 
determination  of  the  maximum  yield  was  ever  attempted. 

An  inspecUon  of  the  Tabular  Statement  of  the  wells,  acoompaoyiug 
this  report,  will  show  that  at  a  very  moderate  estimate  the  wells 
already  bored  would  yield  2,500,000  gallons  per  diem ;  which  is  almost 
exactly  one  tenth  of  the  daily  average  amount  of  water  pumped  by  the 
UoQtreal  Water  Works  for  the  use  of  the  city. 

The  waters  obtained  differ  greatly  in  character.  Tery  many  of  tiiem 
are  soft  waters  of  excellent  quality.  Others  again  are  hard,  while  a 
few  are  snlphurous  or  highly  saline.  As  has  been  shown  it  is  impossible 
to  predict  what  the  character  of  the  water  obtained  at  any  point  will 
be,  if  any  be  obtained,  for  waters  of  very  divene  characters  are  pumped 
from  wells  situated  in  the  immediate  vicinity  of  each  other  or  indeed 
may  be  obtained  from  the  same  well  as  in  the  case  of  number  78.  The 
question  of  the  probability  of  obtaining  water  and  its  character,  if 
obtained,  is  however  discussed  on  page  72. 
<  The  source  of  the  undergroand  water  is  in  all  probability  the  higher 
portion  of  the  plains  along  the  4aiik  of  the  lAurentian  country  in  the 
northwestern  part  of  the  geological  mi^-sheet.     It  is  scarcely  likely 
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that  very  much  of  it  is  derived  from  the  Laurentian  country  itaelf, 
although  there  is  reason  to  believe  that  aome  of  it  may  be.  Moat  of  it 
probably  passed  underground  into  the  paltaozoic  strata  along  the  flank 
of  the  Lanrentian  phiteau.  Here  the  rain  water  would  B'"Tr  into  the 
soil  which  almoet  everywhere  mantles  the  underlying  rocks,  and, 
passing  down  to  the  surface  of  theae  rocks,  would  flow  along  it 
until  cracks  or  fissures  vera  met  with,  down  which  it  would  pass.  An 
abundant  suf^ly  of  water  is  actually  obtained  in  many  plaoes  in  this 
district  by  driving  pipes  down  into  the  lower  portions  of  the  drift 
which  hero  constitutes  the  soil,  and  thus  tapping  the  supplies  of  water 
passing  over  the  surface  of  the  underlying  rock.  The  paleozoic  plain 
along  the  foot  of  the  Laurentian  plateau  may  be  taken  as  having  an 
average  elevation  of  about  300  feet  above  sea  level,  while  the  surface 
of  the  Island  of  Montreal  is  much  lower.  The  underground  waters 
thus  move  to  the  south  under  considerable  head  or  pressura,  and  when 
the  channels  through  which  they  pass  are  tapped  by  borings  in  the 
vicinity  of  Montreal  the  water  rises  by  virtue  of  this  pressure,  in  a 
very  few  cases  actually  reaching  the  surface,  but  in  the  other  caaes 
remaining  at  different  distances  below  it.  In  only  five  wells  on  the  The  water 
Island  does  the  water  rise  more  than  200  feet  above  sea  level ;  the  mnace  in  tx 
wells  in  question  being  the  Park  well,  the  wells  of  Messrs.  Nantel  and  ^"^^ 
Goyer  at  C6te  des  Neigea  (where  the  water  rises  340  feet  above  sea 
level),  and  the  wells  of  Messrs.  Drummond  and  Stewart  at  Petite  Cdtn, 
where  the  water  rises  225  feet  above  sea  level.  In  only  eleven  of  the 
wells  does  the  water  rise  to  the  surface  and  in  only  six  does  it  over- 
flow. These  latter  are  the  wells  at  the  Turkish  Baths,  Laurentian 
Baths,  Montreal  Oold  Storage  Co.,  M.  Cousineau,  Messrs.  Viau 
Fr^re  and  Messrs.  Charles  Ourd  &  Co.  It  will  be  noticed  that  the 
five  wells  above  mentioned,  in  which  t^e  water  rises  above  the  200 
feet  level,  are  all  situated  on  the  slopes  of  Mount  Eoyal,  and  it  is 
doubtful  in  bow  for  the  drainage  from  the  mountain  itself  affects  them. 
It  is  just  possible  that  the  Potsdam  sandstone  which  outcrops  imme- 
diately along  the  edge  of  the  Laurentian  plateau  carries  water  which 
subsequently  rises  through  fissures  in  the  limestone,  and  it  would  be 
very  interesting  if  a  boring  sufficiently  deep  to  tap  the  Potsdam  sand- 
stone were  made  on  the  Island  of  Montreal,  in  order  that  it  might  be 
ascertained  whether  this  formation  carries  any  considerable  supply  of 
water.  A  study  of  the  records  of  the  borings,  however,  would  indicate 
that  the  water-bearing  channels  lie  chiefly  in  the  Trenton  and  Chazy 
limestones  ;  the  deeper  wells  afibrding  but  little  water,  or  water  which 
is  very  impure. 
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Onann  dF  TTpon  ite  ionrce,  the  kind  of  rock  treveraed  uid  its  Bolveat  power, 

in  wkMn.  the  prmence  of  diMoIved  c»rboDic  acid,  etc.,  depends  the  cbAractor  of 
the  water  in  any  particular  well.  It  can  be  readily  nnderstood  that 
water  passing  through  the  Fotadam  aandatone  or  the  underlying  Iah- 
rentian  rocks  and  rising  in  fissures  tiirough  the  overlying  strata  to  the 
anrface  wonld  probably  be  soft.  If,  on  the  other  hand,  the  water  has 
traversed  the  limestone  or  dolomite  thronghoat  it*  entire  oonrse, 
following  tortoooB  channela,  a  considerable  amount  of  lime  salts  might 
be  taken  into  solution  and  the  water  might  thus  beccmie  hard  or  pos- 
sibly impure  from  the  presence  of  saline  and  snlphuroue  compounds. 

In  conclusion,  it  may  be  asked  as  a  practical  question,  what  the 
chances  are  of  obtaining  water  by  boring  in  the  Island  of  Montreal. 
ixmig.  ^  ]^g^  l,^Q  Bbown  it  is  never  possible  to  predict  with  certainty  that 

water  can  be  secured  by  boring  at  any  particular  spot,  but  a  simple 
calculation  based  on  the  actual  results  obtained  by  the  wells  (89  in 
number)  which  have  up  to  the  present  time  (January  1,  I90J)  been 
put  down  in  this  area,  shows  that  the  chances  of  obtaining  a  targe 
supply  of  water^that  is  to  say,  more  than  5,000  gallons  per  diem — 
are  about  7  to  2.  That  is  to  say,  water  will  be  obtained  in  seven  out 
of  every  nine  wells  that  are  bored  ;  while  water  of  potable  quality 
and  in  large  amount  will  be  secured  in  rather  more  than  six  out  of 
every  ten  trials  or  in  about  two  out  of  every  three  holes.  In  some 
of  these  however  the  water  will  be  hard. 
Depth  to  A  second  practical  oonclnsion  which  can  be  drawn  from  the  results 

UiHdk  ihould  *Idch  have  been  preaented  in  this  Report,  is  that  if  a  bcAitog  is  put 
ba  carried.  down  and  water  is  not  obtained  by  the  time  a  depth  of  760  feet  has 
been  reached,  it  is  better  to  abandon  the  hole  and  sink  another, 
rather  than  to  continue  boring  deeper,  even  if  this  second  hole  has  to 
be  put  down  in  the  immediate  vicinity  of  the  first,  since  it  has  been 
shown  that  at  depths  greater  than  this  abundant  supplies  of  good 
water  are  rarely  obtained,  the  water  (if  any  be  found)  being  in  the 
great  majority  of  oases  small  in  amount  or  too  impure  to  be  of  any 
value. 

As  has  been  stated  in  tba  sketch  of  the  geology  of  the  district, 
the  maximum  thickness  of  the  several  formations  of  the  Ziower  Silu- 
rian, as  determined  from  their  field  relations  by  Sir  William  Lc^n 
and  others,  is  as  follows  in  descending  order  : — 
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Lorraine 2000  feet. 

TJtioa 300    " 

Trenton  Oroap 600     " 

Cbwy 300    " 

CMciferoaB 460     " 

PotBcUm 700    " 

Total 4360     " 

Omittdng  the  first  two,  the  supposed  inKdmiim  thickness  of  the  lost  Thicknen 
fonr  would  be  2,050  feet.  "*  "" ' 

Theoe  detenninationB  fa&ve  oot  been  Bubetantikted  by  the  complete 
1(^  of  the  Turkish  Bath  well  or  hj  a  study  of  the  materials  obtained 
from  the  dry  well  bored  on  the  property  of  the  Montreal  Oas  Co.,  at 
Hoohelaga.  In  the  case  of  the  first  mentioned  well,  from  the  fossils 
in  the  rock  chips,  determined  by  Dr.  Ami,  and  from  oertun  acoessory 
chemical  teeis,  the  approximate  •thickness  of  two  formations  was 
obtained.    The  seotaon  ia  descending  series  gave  the  following  : — 


of  tbefoima 


!  (drift) 60  feet. 

Trenton  Group tt£K)     « 

Oha^ 786     " 

Calciferona 126     " 

Total 1660     " 

The  bottom  of  the  Calciferous  was  not  reached,  and  it  is  possible 
that  some  of  the  npper  beds  of  the  Trenton  have  been  removed  by 
erosion,  and  that  the  Chazy  alotxe  is  represented  in  its  entire  thickness. 

At  the  Oas  Company's  well,  an  examination  of  the  borings  obtained 
between  the  2,200  and  2,373  feet  levels  showed  that  they  were  deriTsd 
from  the  Caloiferous  sand-rock ;  and  at  2,S50  feet — the  bottom  of  the 
well — the  Potsdam  sandstone  had  not  yet  been  encountered.  Corre- 
lating this  result  with  the  abore,  and  allowing  600  feet  and  785  feet 
for  the  maximum  thickness  of  the  Trenton  and  Chazy  respeotiTely,  the 
Oalciferoos  would  have  a  thickness  of  over  1,000  feet.  This  disore- 
panoy  between  the  determination  of  the  thickness  of  the  several  for- 
mations as  they  outcrop  at  the  surface  and  the  results  obtained  from 
the  borings  can  be  accounted  for  in  two  ways.  In  the  first  place,  Taulta. 
faults  may  exist  which  have  obscured  the  relation  of  the  rocks  in  the 
field.  These  might  easily  occur  and  escape  observation,  as  the  strata 
14—0—6 
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are  almost  fiat  and  so  contintioasly  covered  bj  the  drifl  that  the  rock 
crops  out  in  comparativelj'  few  places. 

Mr.  LeRoy,  who  has  made  the  geological  map  and  section  which 
accompany  thin  Report,  has  in  the  latter  shown  a  fault  in  the  line  of 
the  intrusion  of  Mount  Boyal,  and  it  eeema  probaVIe  from  the  thick- 
nesfl  of  the  TJtica  shale  in  the  harbour  at  Montreal  that  a  fault  occurs 
along  the  east  side  of  the  Island,  between  the  Trenton  and  Utica  for- 
mationa.  This  belief  is  strengthened  by  the  results  of  a  boring  at 
Laprairie,  where  1,000  feet  of  shale  were  traversed  and  no  limestone 
encountered. 

But  it  would  seem  in  the  seoond  place  thai  there  must  be,  in  addi- 
tion to  any  faulting,  a  very  considerable  thickening  of  the  several  for 
mationa  of  the  Lower  Silnrian  ae  the  distance  from  the  old  Archnan 
shore  line  increases. 

While  therefore  the  explanation  of  the  phenomenon  is  as  yet  uncer- 
tain the  fact  remains  that  the  limAtone^olomite  series  has  a  mnoh 
greater  thickness  than  niiftbC  be  expected.  It  is  hoped  that  the  logs  of 
future  wells  may  throw  additionsl  light  on  this  very  interesting 
anomaly. 
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To  the  Director, 

Oeological  Survey  of  Canada. 

Sir, — Herewith  I  beg  to  band  yoa  the  detailed  annual  report  of  the 
Seotion  on  the  mineral  iodnstries  of  Canada  for  1901.  The  prelimi- 
nary summary  statement  for  that  year,  which  was  completed  on 
February  26,  ia  of  course  replaced  by  the  rerised  statement  herein 
contained. 

The  work  of  the  Section,  as  in  the  past,  has  consisted  not  only  in  iJie 
preparation  of  the  annual  report,  but  in  the  collection,  recording,  &x., 
of  technical  information,  and  in  making  investigations  into  a  great 
variety  of  matters  pertaining  to  the  economic  mineral  resources  and 
the  mineral  industries  of  the  country,  as  well  as  in  answering  the 
numerous  enquiries  on  these  subjects  constantly  coming  to  hand. 

During  the  summer  my  own  time  was  occupied  making  field  studies 
of  the  copper  ore  deposits  in  the  Bruce  mines  district,  and  of  their 
geological  conditions  of  occurrence  in  collaboration  with  Mr.  T.  C. 
Denis,  B.  Sc.  Appreciative  acknowledgement  is  made  of  the  impor- 
tant aid  in  tie  whole  work  of  the  Section  rendered  by  Mr.  J, 
McLeish  and  Mrs.  W.  Sparks. 

Thanks  are  also  due  to  those  who,  although  too  numerous  to  men- 
tion individually,  by  answering  our  circulars  or  letters,  provided 
much  valuable  material.  Our  acknowledgments  are  also  due  to  the 
provincial  mining  bureaus  of  Nova  Scotia,  Quebec,  Ontario  and  Bri- 
tish Columbia,  as  well  as  to  the  Dominion  Cuatoms  and  Inland 
Revenue  departments  for  aid  received. 

I  am,  iit, 
Your  obedient  servant, 

ELFRIC  DREW  INGALL, 
Mining  Engineer  to  the  Geological  Survey. 

Section  of  Mines, 

November  6,1902. 
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EXFLAlf  ATOBT  NOTES. 


VBAR  AND  TOM   DSED. 


The  year  referred  to  throughout  this  report  is  the  calendar  year, 
except  for  the  figures  of  imports,  vhioh  refer  to  the  fiscal  year  ending 
June  30.     The  ton  is  that  of  2,000  pounds,  nnleea  otherwise  stated. 

EXPORTS   AND  IHPORTB 

Tba  figures  gjven  throughout  the  report  referring  to  exports  and 
imports  are  compiled  from  data  obtained  from  the  books  of  the  Cus- 
toms JDepartmeat,  and  will  occasionally  show  discrepauoies,  which, 
however,  there  are  no  means  of  cjrreoting. 

The  exports  and  imports  under  the  heading  of  each  province  do  not 
necessarily  represent  the  production  and  consumption  of  the  province ; 
e.g.,  materii^  produced  in  Ontario  is  often  shipped  from  Montreal  and 
entered  there  for  export,  so  falling  under  the  heading,  Quebec. 

Note. — N.E.S.=Not  elsewhere  specified. 

VALUES   ADOPTED. 

The  values  of  the  metallic  minerals  produced,  as  per  returns  to  this 
Department,  are  calculated  on  the  basis  of  their  metallic  contents  at 
the  average  market  price  of  the  metal  for  the  current  year.  Spot 
values  have  been  adopted  for  the  figures  of  production  of  the  non- 
metallic  minerals. 

QSRBBAl.  N0TB8. 

As  in  the  past,  oare  is  taken  to  avoid  interference  with  private 
interests  in  the  manner  of  publishing  results,  and  all  returns  of  pro* 
duction  of  individual  mines  are  treated  as  confidential,  unless  otherwise 
arranged  with  those  interested.  The  confidence  of  the  mining  com- 
munity, thus  gained,  has  resulted  in  an  inoreaningly  general  response 
to  our  circulars,  although  to  complete  our  data,  personal  application  is 
still  necessary  in  a  small  number  of  instances,  and  a  yet  more  prompt 
response  on  the  part  of  all  applied  to,  will  help  still  further  towards 
an  earlier  publication  of  the  material. 
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In  vi«v  of  critioisms  of  theM  atatutics  which  have  been  made 
reoently,  and  from  time  to  time  in  tlie  put,  it  may  ba  well  to  take  thb 
opportanity  to  explain  the  working  methodB  adopted,  in  order  to  pre- 
vent the  miannderstandings  which  underlie  sncb  criticiflnu  and  sng- 
gestiona,  and  to  correct  the  impreaaion  which  they  might  convey  to  the 
public,  that  the  reporta  are  in  any  way  unreliable. 

The  fignrea  given  throngboat  the  reporu  are  baaed,  as  far  as  poa- 
aible,  nptxi  retnms  obtained  diiect  from  the  varioua  operators,  or  fnun 
official  data,  and  the  totals  have  for  some  years  been  checked  by  oom- 
parison  with  railway  shipments,  exports,  and  all  other  available  sonroea 
of  information.  It  can  be  therefore  fairly  claimed,  that  they  are  ae 
accurate  as  it  ia  poaaible  to  make  sucb  figures. 

After  inveatigation  of  the  subject  we  have,  however,  found  that  in 
the  nature  of  things,  export  and  railway  figures  can  only  be  taken  as 
approximately  correct  in  most  instances.  In  the  case  of  the  export 
figures,  entries  are  made,  as  a  rule,  by  those  having  no  technical 
knowledge  of  mineral  aubtances,  and  in  the  caae  of  the  railways,  but 
few  of  the  shipments  are  actually  weighed,  so  that  car-load  lots;  for 
instance,  may  differ  considerably  frtun  the  theoretical  load  of  the  car. 

The  lists  of  operators  given  throughout  the  report  are  not  pat  for- 
ward as  complete  in  every  case,  only  those  reporting  their  production 
being  included.  Producers  finding  their  names  omitted  are  invited  to 
communicate  with  this  office  that  they  may  be  included  in  the  next 
issuob 

CORR  BCTIOMfl —  ALTSR  ATIOKB. 

Corrections  and  alterations  have  been  made  throughout  thi^  report 
wherever  they  seemed  to  be  called  for,  according  to  more  complete  and 
reliable  dabt  available  since  previous  issues. 

The  tabulated  statement  given  in  the  folded  sheet  at  the  beginning 
of  the  report,  repreaente  a  compilation  of  all  the  similar  statements 
found  in  previous  reports,  re-modelled  and  further  revised  wherever 
poasiUe. 
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Comparing  the  mineral  prodootioo  for  1901  with  that  for  the  previous  Minbr.\i 
year,  we  find  an  increase  in  the  grand  total  of  ralnea  of  t2,207,!i7l  op  Canada' 
equivalent  to  3-42%.     This  is  a  considerable  falling  off  from  the  ratios 
for  the  previous  period  of  four  years  as  shown  in  the  subjoined  table, 
a  similar  result  being  shown  by  the  mineral  industries  of  the  neigh- 
bouring repnblio  to  the  south  of  us. 


Ykah. 

Casada. 

UKITEI)  ^atbb. 

Incraase 

Production 

looraaae 

Production 

p.c. 
342 
3006 
28-18 
34  89 
2690 
8-79 

s 

12 
11 

2 

40 
9» 
3.1 
33 
53 
40 
00 
BO 
23 

p.c. 
2-60 
1010 
89-86 

ion 

1-33 

■21 

« 

14 
14 
12 
9 
8 
8 

03 
02 
Si 
38 
66 
73 

im 

1897 

1890 

1886 

}      „..( 

7 

89 
78 

The  results  shown  above  are  to  be  accounted  for  mostly  on  the  basis 
of  the  large  falling  off  in  the  output  of  the  gold  of  the  Yukon  district. 
This  was  inevitable  if  the  history  of  »U  other  placer  districts  was  to 
be  repeated  in  this  instance.  The  time  invariably  comes  when  the 
rapid  working  out  of  the  richer  spots  is  accomplished,  and  the  sensa- 
tional features  characterizing  the  starting  of  work  in  such  a  disti-iot 
give  way  to  the  steadier  and  more  reliable  results  following  on  the 
inangnration  of  veil  organized  effort ;  and  the  further  stage  reenlting 
from  the  discovery  and  development  of  bodies  of  gold-bearing  quartz, 
will  it  is  hoped  follow  shortly. 
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or  CANAnA. 


A  moat  grfttifjiiig  faot  is  that  the  above  mentioned  falling  off  hae 
been  more  than  offwt  bj  the  growth  in  the  aggregate  valae  of  the 
remaining  mineral  prodacta,  amounting  to  OTer  IS  per  cent,  comparing 
their  totnl  valuea  for  this  year  with  umilar  figures  for  1900. 


pROJlCtl*. 

Quantity. 

VALlfc 

IncreMB.    Deorewe. 

Increwe. 

rjecrewe. 

iiitmic- 

9B76 

IK  a. 
IS-M* 

P-c- 

iWffi 

'  i67-85' 

188  93 

"'"'38-67 
1918 

68  32 

■■*89-2l' 

p-c. 
'"iS-M 

GolT 

Pig  iron  (from  CiDkdiu  ore  only). . , 
Pig  iron  (fmn  both  home  ud  impor- 

134-88 
IStll 

17ftl 

Niokrf;;;.'.:;:;. :::::::":. .::::,:;■ 

3978 
2397 

38  01 

iroi 

132fi2 

7-8T 

le-M 

Aiibeniu  mod  MbeMic  

' * "  9*67 

8i-33  i                  1 

iiw 

12  40 

On  reference  to  the  figurea  given  above,  an  idea  will  be  foiined  of 
the  oonditiuD  of  the  variouB  mineral  induatriee,  h  oompnred  with  laat 
year.  All  but  two  of  the  itema  show  increases  in  quantity,  although 
in  some  iaatancea  a  decrease  appears  in  the  value  oolumos,  owing  to 
lower  prices  being  realised.  The  lead  mining  and  natural  gas  indus- 
tries show  a  decided  falling  off,  an  does  also  the  gold  as  a  whole.  la 
this  latter  case  the  proportion  of  decrease  due  to  the  Ynkoa  region 
is  somewhat  modified  by  increaees  in  some  of  the  other  districts.  In 
all  the  remaining  metal-mining  indnetries  large  increases  oi  produc- 
tion are  recorded,  more  or  leas  oSset,  however,  in  every  instance  except 
nickel,  by  lower  prices.  Large  proportional  increases  in  the  figures 
are  reported  for  alt  the  non-metallic  minerals  except  natural  gas,  and 
gypeum  and  atbestus  brought  higher  prices.  In  ooal,  coke  and 
cement,  however,  a  falling  off  is  shown  in  the  aggregate  values.  To 
the  coal  industry  this  was  mostly  due  to  the  lower  valuation  put  upon 
Nova  Scotia  coal. 
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Pbopobtionati  Vallk  or  Du-febekt  Minkeal  Produots,  1901. 

MiKERAI. 

Producta. 

Contjri- 
butidg 
over 
10  p.  c. 

CoDtri- 

buting 

10  ILDd  1 

Oontli- 

lp.o. 

Total 

OP  Canada. 

1.  Gdd 

2.  Ooai 

3817 

17'99 

iiu 

6-89 

4-89 

aw 

357 

2'47 
1'80 
184 
1-82 
1  61 
125 

ri4 

» 

■61 
■51 
403 

6'04 

7.  Lead. 

a  BuiHiug  itooe  (e»tiniat«il).   

11.  Pifclroa  (from  CuuMliui  ore) 

14.  Iron  oi*  (expOTtrd) 

IP.  Grpaam 

100  00 

Total 

5418 

39-80 

The  relative  imporbmce  of  the  various  branches  at  the  miDeral 
indoatr;  are  illnstrated  b;  the  figures  in  the  foregoing  table.  As 
usual,  gold  and  coal  are  the  two  moat  important  by  a  considerable 
amount.  The  group  of  metallic  products  is  to  be  credited  with  over 
63  per  cent  and  coal  and  coke  with  nearly  20  per  cent,  and  these  two 
important  classes  together,  account  for  over  83  per  cent  of  the  whole. 


Nova  Scotia •  8,300,719 

New  BnuiBwick I  467.986 

Quebec I  3,761,639 

Ontario 14,361.886 

ManiUiba  and  Northwest  TerritoriM  including  Yukon..  19,207,940 

Bnti»h  Columbia. 20.472,840 

Total 66,712.708 


The  relative  contribntions  of  the  different  provinces  to  the  grand 
total  are  set  forth  above.  It  will  be  seen  that  the  falling  off  in  the 
Yukon  gold  now  givee  British  Columbia  front  rank.  Western  Canada 
is  to  be  credited  with  nearly  60  per  cent  as  against  the  40  per  cent 
contributed  by  the  territory  lying  east  of  Lake  Winnipeg. 
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(Jf  til"  v«IuK  of  the  oilwral  mlwUnc«  esportad  by  Cmi*!*,  over 
•(tin  liuir  U  ni|.r«<««tit«d  by  gold.  Th«,  with  th*  other  metallic  pro- 
ilui'U  wij.|inr,  iron,  itMl,  Iron  ore,  load,  nickel— together  with  co»l 
Mnd  kImhIim  ooniUtut*  the  cliief  export*  and  aggregate  over  90  per 
><nrit  of  tli«  whole. 


I,lt43 

;Kl.H,7.'-<i 

otbrr  thM  iron  or  slwl. 

«    156.757 

UI7,47l 

Mi™...       

IS3.5fi3 

.MWt 

£980 

XiXl '-'.'.'.'.'.'.'■' 

:5i,a» 

t.Ml 

OiU-TUlIp 

©1 

i\m 

Oil  rffinnl.. 

6R 

no 

361.973 

iMlTimllir^.^; ::::::::. 

»1 

IM.«V 

riuiul««o  nriidif 

13' 

a.«N.Ati 

ax?;? 

ui.w:3 

nMnufaeluiw  of 

l.-'W 

Jitt'.SSA 

lVrii«L 

A.SSJ 

SJt         

"i-K- 

'^[w*! 

SuhI  Mid  mvrl 

117.  «5 

iu,^\ 

SU.w 

±'>:^rs" 

l.\X« 

SUtr       

:■ .  •• 

i.s.tM:v 

Si.vi*  un«i\'U).*)iC      

i.-:.«~ 

:t&\-,s.i 

.        .pv^ttt.      ,   -   . 

3e.« 

i.»i*.i^-: 

*Hb-t.ni>-:«.-., 

i!m« 

T.*-:  .. 

Mf,«i!.:« 
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From  the  forc^iag  table  it  irill  b«  seen  that  whilst  of  our  exports,  Mikbbal 
the  prodnotB  of  the  mine  ar«  destined  for  mAnj  different  oonatrieB,  the  of  Canam. 
United  Bta4«B  lakes  9fi  per  cent  and  the  others  comparatively  insif^ni- 
ficent  amounts. 


lUPORTS. 
>  MiKBBAL  PBODDOTO,   FO 


Imports. 


Fiscal  Ybah  1900-lMt 


'  Alum  >ud  oIumiiiouB  c&ke . 

Almniniuro 

AnchoiB  

Antimony 

Asbeatus  (tod  mfrs.  of.   ... 

AaphiUum  

Bells  aud  Ronga 

Bismuth 

BlMt  [umsu  aloe. 

BoniK 

Biicks  nud  tilea 

BuhntonM 

Buildioff  (tone  and  gnnitr 

Cement 

Ch»lk 

C1»I»- ; 


UUjs. 
Cod.. 


I    tax  and  pitch 

Coke 

Copper  uid  mfra.  of.   

,  Coppuru 

Cryolite 

,  Crucibles,clay  or  plumbaf 
I  Earthenwiire     

Felepar,  quartz,  flint,  tc. 

Fertilixets - 

'  Fuller'p  earth   

I  Gold  and  Bilver,atid  mfn.  of 

Graphite,  and  mfrs.  of, 

'  Gt  indatonee 

I  '!ypaum,plaateroI  Faris,ftc 
I  Iron  ana  ateel— 

Pigs,  Bcrapa,  blooms,  &c. 

Rolled— bars,  platn.  ftc , 

.         including  chrome  steel. 

]      FotTo-ailioon,  ferro-man 

gMwwo,  &c 

'  Manufactures  of,  mac 
I  nery,  hardware,  &c . 


8,016 
19,567 
24,714 

S,361 


11,639 

141,351 

13,ie;.534 

88,093 

660,138 

1,103,319 

14,330 

2,158 

3H,874 

1,114,877 

39.116 

12,Ni6 


74,206 


6,633,166 
38,954 


Lead,  and  mfrs.  of 

Lithaige. . 

Lithographic  abine  . . . 
I  Mantranese.  oxide  of . . . 
I  Marole,  and  mfrs.  of... 

!  Mercury 

I  Metallic  alloy*— 

I       Brass,  and  mfix.  of i 

Britannia  metaL I 

Metals,  N.E.S.,andmfn. 

of  

.  Mineral    and     bitiuninousl 

'     subatnncea,  N.B.S 

•  Mineial  and  metallic  pig- 
I  menta,  paints  and  roloim 
!  Mineral  watera 

Nitrate  of  aoda,  tc. .  . 
I  Oresof  metala,  I<i.K.3. 
I  Faraffine  wax 

Petroletun,  and  products  of 

Phosphate  (fertilizer) 

PhoaphoTua... 

Platinum 

Precious  stones 

Pumice 

Salt 

Saltpetre 

Sand  and  gravel 

Slate,  and  mfts.  of . .   . .   . 

Sulphate  of  oopper 

Sulphur 

Sulphuric  acid 

Tin,  and  manufacturee  of.. 

Whiting 

Zinc,  and  manufactures  of. 

Total 


774.922 
71,621 
29,408 


982.840 

19,977 

3,438 

20,363 

740,481 

S,B16 

373,974 

46,804 

43,891 

72,187 

78,190 

270,608 

6,272 


The  above  table  illustrates  in  a  roaxh  way  the  needs  of  the  com- 
munity in  regard  to  mineral  substances  and  their  products,  which 
might  possibly  be  met  to  a  greater  or  less  extent  in  the  future  with 
the  further  discovery  and  development  of  our  own  reaources.     The 
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most  proioincDt  items  ara  cottl,  whose  imports  ainoiiQt  in  value  to 
ftbont  on«^aartar  of  the  tot»],  and  manufactures  of  macbineiy, 
acoonnttag  for  about  ooe-thtrd  of  the  whole,  or  together  adding  up  to 
about  fi8  per  oent.  The  items  going  to  m«ke  up  the  latter  will  be 
found  in  exletuo  in  their  appropriate  connection  later  in  the  report. 
Their  bearing  is  rather  on  the  manufacturing  than  in  connection  with 
the  mineral  indostriee.  In  regard  to  the  coal  item,  61-5  per  cent 
represents  imports  of  anthracite  of  a  quality  of  which  we  hare  as  jet 
none  in  this  country. 


ABBA«ivx  ABRASIVE  MATERIALS. 

MATUMUi. 

(;rind<toik«.  Ortndatoneo,  woodpnlp  stones,  scythe  stones,  •Jcc,  have  for  many 
yexra  been  made  in  the  eastern  provinces  of  Canada,  from  the  mill- 
stone grit  of  the  Carboniferous  formation,  which  occupies  a  large 
portion  of  the  surface  of  the  eastern  half  of  the  province  of  Nov 
Brunswick,  and  the  northern  and  northwestern  part«  of  Nova  Scotia. 

Owing  to  the  cessation  of  work  at  one  of  the  large  quan-ien  in  Nova 
Scotia,  the  production  of  grindstone  in  1901  was  less  than  that  of  the 
previous  year.  The  total  output  amounted  to  4,561  tons,  valued  at 
t4S,d60,  the  decrease  being  968  tons.  In  the  province  of  New  Bruns- 
wick, from  which  the  greater  part  of  the  production  was  obtained, 
there  was  a  slight  increase ;  in  fact  this  province  has  been  Bt<>adily 
increasing  its  output  of  grindstone,  &c.,  for  the  post  six  or  seven  years. 

The  grindstones  sold  are  nearly  all  shipped  in  a  Gnisbed  condition 
and  are  worth  about  $10  a  ton.  Woodpuip  stones  of  about  2|  tons, 
sell  for  from  (40  to  H5  each.  At  many  of  the  quarries  there  is  a 
considerable  production  of  foundation  and  building  stone,  besides  rough 
stone  for  breakwater  and  harbour  works. 
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Stktiitioa  of  production  by  prorioceB  since  1686  tm 
1.  below. 

Tabu  L 

Abrasive  Uatii»iU.s. 

Annual  Pboduction  or  GsiNDaroNK. 


I  Nova  Scotia.     New  Bbuksitick. 


CalbkdaB  Ybar.  , 


j  1895... 
1B96... 


Tons. 

Value. 

1,785 

24,000 

i,no 

39,030 

1,971 

20.400 

712 

7,128 

850 

6.B36 

1,980  I  19,800  1 
2,462  27,610 
21.000 
16,000 
14,000  ■ 
1,400 
1,407  {  iT.eoo 
1,432  I   12.3G0 


22,787 

23,577 
17,378 
16.717 


17,9; 


,  1898. 

I  1899. '  1,378  !   10,300  , 

1900. 1,411  I   12,000  \ 

I    1901 358  3,200 


18.S10 
3,1  S5  I  24,640 
3,518  j  32,436 
3,133 

4,138 


Vriue. 


48,  ue 
64,006 
61.129 
30,863 
42.340 
42,587 
61,187 
88,379 
33,717 
31,982 


42,340 

44,776 
43,205 
,630  '  53,430 

,581  I  45,690 


s 

■5 

•11  68 

12  10 

8  87 

907 

8  87 

9  61 

969 

834 

8  71 

9  W 

897 

926 

907 

969 

96S 

9-97 

The  localities  ffhere  opemtionB  are  being  carriod  on  have  been 
known  and  worked  for  maoy  years.  The  principal  quarries  are  situa- 
ted in  the  province  of  New  Brunswick  on  the  Bay  of  Chalaur  at  Clif- 
ton and  Stonehaven ;  on  Miramiobi  Bay  in  the  vicinity  of  Newoaatle ; 
and  along  the  shore  of  Shepody  Bay  in  the  Bay  of  Fandy  ;  while  in 
Nova  Scotia  the  points  to  which  attention  has  been  chiefly  directed, 
are.  at  Lower  Cove,  Cumberland  Basin  and  at  Woodboume,  Ficton 
county.  A  large  proportion  of  the  production  is  exported,  chiefly 
to  the  tJnited  States.  Statistics  of  exports  and  imports  are  given  in 
Tables  2  and  3.  Almost  $30,000  worth  of  grindstones,  Ac,  were  im- 
ported in  1901,  principally  into  the  provinces  of  Ontario  and  Quebec 
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Griikdstanea. 
EnpOTta. 


(ibological  scutst  of  casada 

Tabli  2. 

Abbahivi  Matibuls. 
ExpoKTM  or  Gbindhtonkh. 


CtlendAr  Year. 

Vriue. 

Calmdu-YMr 

1 
Vlu,.      1 

IWM 

•28,186 

1893. 

21,672 

188^ 

12,579 

18,723 

1887 

28.76» 

1898. 

19.139    1 

28,176 

29,962 

lae* 

SS,IW8 

1890. 

lS,fi64 

1899* 

28,4S3     I    1900*.. 


*  tnoluding  xUnv  for  the  nuuiufacturr  of  KrindiitoDM. 


Tabu  3. 

.\BBAHIVI  MArBfllALI 

s. 

l'-iK.l  Year.                      Duty. 

Ton.. 

Value. 

IK 

2.071 

■•JS 

1,J»9 
1,721 
2,116 

1.381 
1,484 

1I9I8 
1.770 
1,862 
1,521 

•11,714 
16,896 
30,654 
3i;4«i 
30,471 
16,060 

H816 
18.263 

26,564 
20,669 
16.991 
19,761 
20,987 
24,43t; 
22,834 
26.S61 

1881 

1887     1   

1888 

1889 

1891. 
I8II2. 
1893. 
1891 
1896. 
1896. 

1999. 

otIot 

1901 

Mill  nut  lew   thou   36 

inclira  in  diwiipter IB  p.c. 

32,943 
6:i2D 

38,068 
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A  list  of  qu&ny  opentors  is  appended  herewith,  some  of  wbom,  Abbasivi 
howftver,  did  not  manufacture  any  grindstones  during  the  year. 

Nova  Scotia — 

The  Atlantic  GrindBtone  Co.,  Lower  cove,  Cumberland  county. 
J.  W.  Sutherland,  Quarry  Island,  Woodbonme,  Piotoa  county. 

New  Bbcnswick — 

Henry  Tower,  Lower  Bockport,  Westmoreland  county. 

H.  C.  B«ad,  Sackville,  Westmoreland  county. 

A.  D.  Richard,  Dorchester,  Westmoreland  coifnty. 

W.  B.  Deacon,  Shediac,  Westmoreland  county. 

C.  K  Fish,  Newcastle,  Northumberland  county. 

J.  B.  Read,  StoDeharen,  Gloucester  county. 

Messrs.  Lombard  &  Co.,  Clifton,  Gloucester  county  and  Boston, 

R.  W.  Knowles,  Clifton,  Gloucester  county. 

Corundum. — The  production  of  corundum  in  Ontario  in  1900  and  Corundum. 
1901,  was  as  follows : — 


1900.. 
1901.. 


QuMtity. 

Vilue. 

3  tons. 

1      300 

444       ■' 

53,115 

This  is  almost  all  the  result  of  the  operations  of  the  pioneer  com- 
pany in  the  field,  the  Canada  Corundum  Company,  Ltd.,  Toronto. 
Fifty  men  were  employed  throughout  the  year.  The  company's 
mine,  '  The  Craig  Mine,'  is  situated  in  the  township  of  Raglan, 
Renfrew  county.  The  present  mill  was  greatly  enlarged  durmg  1901. 
It  is  operated  both  by  steam  and  water  power,  has  been  built  in  a 
very  suitable  location,  and  ia  filled  with  the  latest  machinery  for  the 
crushing  and  separating  of  the  mineral.  It  is  now  proposed  to  erect 
a  mill  with  ten  times  the  present  capacity.  The  product  is  sold  in 
Canada,  the  United  States  and  Great  Britain,  and  a  large  market  for 
it  is  available  in  Germany,  France,  Italy,  Holland,  Belgium  and 
Sweden.  The  Imperial  Corundum  Company  and  the  Crown  Corun. 
dum  and  Mica  Company,  both  of  Toronto,  did  a  considerable  amount 
of  development  work,  the  former  on  lot  14  and  part  of  lot  15,  con- 
cession 8,  and  the  latter  on  lot  14,  concession  9,  township  of  Methuen, 
Peterborough  county. 
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Abiuhivk  Statistics  of  importa  of  buhratooes,  em«ry  &Dd  pumico  stones  are 

given  hereunder. 

Tabli  4. 
Abbakive  Matiuals. 

iHPOMn  Of  BVHI 


FiioJ  Ymt. 

Valw. 

Fbol  Ymf. 

Value. 

812.049 
-.1            6,SS7 
.   1          1M43 
.   1          13,242 

■  J        ^^66 

4,617 

4,062 

.    ,             3.546 

4,763 

.\4ae 

.   '            2,606 

1891 

1892 

1893 

1894 

1896 

1898 

1897 

1898 

ie9w 

1900 

1901' 

•a 

2.172 

S 

1881 

1882 

1883 

1884 

188G 

1887 

1888 

188» 

1890 

Fiona  Ye«r. 

En«ry. 

Mfre.  of 

1886 

8  B.066 

•  4,920  ' 

11,877 

6.832 

1887 

12,023 

4,001 

188B 

IS,  Me 

a,666  ; 

1892 

17,783 

6,492 

14,433 

2,223  ' 

1894 

lesD 

1897 

16.318 

11,231 

17,661 

16,478 

1899 

21,454 

22.343 

1901 

16,311 

22,190 
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SEOnOK  OF  MINES 

Tabl*6. 

Abhabivb  Matebials. 

IhFOBTS  op  FCMIOK  9TONK. 


Fi»c«l  yew. 

Valua. 

1885. 

1886 

S   9,384 
2^777 
3,6W 

^390 
^232 
3,003 
3^696 
3,283 
3,798 
4.180 
3,009 
R^721 

5,616 

mi 

1892. 

1898. 

189B. 

189S.   

1897 

1898.   

189a 

•1901. 

Imports. 
PnmiceStone. 


*  Pnmioe  and  piimice  stooe,  gTound  or  DUftnmnd.    Duty  free. 


ASBESTUS.  ASBBBTDB. 

The  proinction  of  ubeetus  in  Canada,  for  which  the  mines  in  the  Produotion. 
Eastern  Townahipa,  province  of  Quebec  have  become  widely  known, 
has  been  steadily  increasing  year  by  year  since  the  beginning  of  opera- 
tions about  1680.  The  year  1901  has  witnessed  a  particularly  large 
increase,  the  production  (sales  and  shipmenta)  amounting  to  32,892 
tons,  valued  at  $1,248,646,  an  average  for  all  grad'>B  of  $37.96  per  ton. 
In  addition  there  was  a  production  of  the  short  fibred  '  asbestic '  of 
7,325  tons,  valued  at  $11,114  or  an  average  of  $1.S2  per  ton.  The 
grand  total  of  asbeetus  and  asbestic  for  the  year,  therefore,  amounted 
to  40,217  tons,  valued  at  $1,259,759. 

Prices  of  first  grade  fibre  varied  from  $150  to  $200  per  ton,  and  of 
seoond  grade,  from  $75  to  $125  a  ton.  'Thirds'  and  paper  stock 
whioh  preponderate  in  quantity,  sold  from  $12  to  $60  and  asbestic 
from  $1  to  $3  a  ton. 
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AsBnrcB.  Sutiatica  of  production,  oxporta  and  iinporte,  are  given  in  T»blaa  1, 

PndBctioD.     2, 3  and  1  following. 


Abbibtch. 
pBODDonoH.— 1696  TO  IWl. 


— 

Tomu         V»lue. 

per  too. 

laae-Aitxrtu 

AibMtic 

«!"^i!s 

•  38.84 
9.00 

12,200 

«  129,838 

•         86,09 

•  30,26 
2,66 

A«b«rtic 

1898-AibMtui 

A.b«lic 

I99»-A»b««tu« 

17,240         46,S40 

30,M2 

S  440,388 

•         14.83 

16.124 

7,681 

*  476,131 
16,066 

>  29.46 
2.10 

23.78B 

•  491,197 

«        M,66. 

17,790 
7,746 

t  468,835 

•         36,34 

26,eS6 

•  486,849 

•         19.03 

21,im 
7.620 

•  729.88(5 
18,610 

<  83.76 
2.46 

Aabeotic 

29,141 

•  748,431 

t          2&.«8 

fS 

11,248,645 
11,114 

•     1:d 

A»b«tic 

4ft  217 

•  1269,76918           31.32 
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Tabu  3. 


PBOODOnOM.  arc.— 1880  to  18B6. 

Cklendu  Year. 

Pboddotios. 

Enport., 
Average 

value 
per  ton. 

Tom 

ftOOOlbe.) 

Vdoe. 

per  ton. 

880 
640 
810 
9eG 
1,141 
^440 
3:468 
4,819 
4^404 

^^ 
8;766 

t 
24,700 
3S,100 
62.660 

68,760 
76,097 
142,441 
206,261 
236,976 
266,007 
426,664 
1,260,240 
998  876 
390,462 
310,166 
420,836 
368,176 

•  cts. 

Into. 

11 

70.66 
64.44 
76.62 
70.07 
60.S5 
07.24 
69.82 
68.66 

1881 

SB 
66 
71 
86 
68 
69 
49 
67 
89 
137 
107 
64 
49 
06 
42 

00 
00 

98 
80 
37 
64 
14 
90 
77 
81 
76 
19 
02 
16 
06 

188S 

1887 

issa 

1893 

189B 

Tabu  3. 
ABBBms. 
ExvoBn. 


OklendarYear. 

Tons. 

Value, 

value 
per  ton. 

1892 

6,380 
6:917 

7,987 
7442 
11.842 
16,670 
16,346 
17,883 
16,993 

338,707 

477,837 
421,690 
667,967 
473,274 
494,012 
473,148 
698,106 

•69.36 
67.24 
66.82 
66.86 
47.96 
30.40 
32.19 
26.46 
39.61 

1896 

1896 

1897 

1898 

1899 

1900 

flat  olMs 

6,166 
2,210 
M:904 

$363,766 

107,471 
698,691 

raB6 

4&63 
24.04 

l3rf     ..    

ToUl,  1901,,. 

32,269 

1,069,918 

33.16 

U— »— 2i 
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FiwalYew. 

VftllM. 

«    6T< 

1886. 

18H8. 

1890. 

loai 

1893. 

19,181  1 

18M. 

36,0m 

1896. 

23.900 

1897 

1898. 

A^M 

1900. 

The  [ubefltuB  production  ia  Canada  ia  oonfined  alaiMt  entirely  to  the 
proTioce  of  Quebec,  in  the  district  of  Black  I^e,  Tbetford  and  Dan- 
ville in  the  Eastern  Townships.  The  Mbeetus,  (or  more  properly 
ohrjBotile)  occurs  in  serpentine  areas,  occurring  at  intervals  along  a 
belt  of  country  extending  from  the  Vermont  boundary  to  the  Gasp^ 
Peninsula.  The  economic  occnrrenoes  of  the  mineral,  however  are 
reetricted  to  the  districts  mentioned  above.  The  mineral  occurs  in 
small  veins  distributed  throughout  the  rock  and  mining  is  conducted 
in  almost  every  case  by  open  quarrying,  some  of  the  workings  having 
now  attained  considerable  depth.  The  rock  mined  b  submitted  to 
crushing,  and  the  aabeatus  ia  Beparat«d,  sorted  and  graded  according 
to  the  length  of  fibre,  by  the  aid  of  special  machinery. 

Asbeatus  is  also  found  in  some  serpentines  of  the  Laurentian  areas, 

as  for  example  at  Pointe  au  Chdne,  in  Argenteuil  county,  where  a  mill 

was  formerly  erected,  but  baa  since  been  removed  and  also  in  Denholm 

township,  and  at  other  pointe  in  the  counties  of  Wiight  and  Labelle, 

Following  is  a  list  of  firms  engaged  in  mining  aebeetuB  : — 

Bell's  Aabeetus  Ca,  Ltd.— 

Geo.  B.  Smith,  Mgr Thetford  Mines,  Que. 

King  Bros. — 

B.  Bennett,  Mgr "  "        " 

Johnson's  Company "  "         " 
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Beaver  Asbeatua  Ca,  Ltd —  AasKmiB. 

C.  H.  Van  Noatrand 230  Broadway,  New  York. 

Standard  Aabestns  Co. — 

R.  T.  Hopper.    Montreal,  Que. 

Manhattan  Asbeatns  Co. — 

J.J.  Fenhale Black  I^ke,  Que. 

Canadian  Asbestos  Co. — 

R.  Stather,  Secy "        "  " 

nnion  Asbestos  Mine "        "  " 

James  Reed,  M.D Reedsdale,  Qne. 

A.  H.  Murphy Black  Lake,  Que. 

Asbestos  and  Asbestic  Co.,  Ltd. .  .Danville,  Que. 
BromptoQ  Lake  Asbestus  Co. — 

B.  Qreenshields Montreal,  Que. 

Ottawa  Asbestus  Sfliniag  Co Ottawa,  Ont. 


CHBOMITE.  C 

Chromite  or  'ohromic  iron  ore'  was  mined  as  usual  in  small 
quantitieB  in  the  Eastern  Townships,  Quebec.  Shipments  were  made 
from  Coleraino  and  Black  Lake  stations  on  the  Quebec  Oentrnl  Rail- 
way and  reached  a  total  of  1,274  tons. 

Iq  the  absence  of  complete  direct  returns  from  producers  this  is  the 
figure  which  has  been  adopted  as  the  production  for  the  year.  The 
proportion  of  high  and  low  grade  ore  in  these  shipments  were  accor- 
ding to  Mr.Obalski*  as  follows  : — 

Ist  claea  ore,  concenCr&tea,  etc,    C9S  toDB  ralued  at    99,424 
2nd        "  "  682  "  7,320 

Total 1274  16,744 


Prices  for  the  year  averaged  about  $18  for  high  grade  ore  and  from 
$10  bo  {12  for  second  grade. 

Statistics  of  production  are  given  in  Table  1.  The  output  practi- 
cally dates  from  1894  although  there  was  a  small  production  in  the 
years  1886  and  1887. 

'Miniag  Operatioai  in  the  Province  of  Quebec,  1901.    J.  ObalakL 
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Cmbohits. 
PiodnettiMi. 


oiolooioal  bortbt  or  canada 

Table  1. 

C&BOMm. 

Anhiial  Pboddotios. 


CklendATYMT 

Tom 

(2,000  Ibi.) 

prioo 
per  ton. 

Vklue. 

S    Cte 

* 

1886 

1887 

Ifl88tol803 

1894 

18BB 

1896 

1897 

1898 

■     60 
38 

DOOOtpUt 

Zm 

2,637 
•2.021 

16  76 
16  00 

aooo 

13  00 

11  63 

12  81 
12  00 

10  ae 

11  56 
ISM 

9tf 
870 

20,000 
41.300 
27:0O< 
32,474 
24^!i&2 
21^842 
27.000 
1S.744 

*  Bailway  thipmniti. 
Statistics  of  ezporta  since  188S  an  girea  in  Table  2  following.  Pre- 
▼ions  to  1900  the  ore  wm  all  exported,  during  the  past  two  ^ears 
however  small  quantitiea  have  been  shipped  to  tfae  Electiic  Reduction 
Works  Ca,  at  Buckingham  and  nsed  in  tfae  mannfactare  of  ferro- 
chrome  of  which  latter  product  there  was  shipped  from  Buckingham 
dnring  1901  about  182  tons. 

Tabu  2. 
CHBomriL 
ElPOHle. 


0»lend«-Y.«i-. 

t™. 

Value. 

18B6 

1    42,236 

897 

2,106 

2B,3(H 

898 

1,683 

20,783 

900 

.168 

901 

2,269 

A  lint  of  some  of  tiie  chief  prodnoere  of  chromite  in  Canada  is 
given  hereunder. 

Coleraioe  Mining  Oo. Montreal,  Que. 

Coleraina  Chrome  Co,,  W.  H.  Lambly. .  ,  Inverneaa,  Que. 

Messrs  Nadean  and  Topping Black  Lake,  Que. 

Montreal  Chrome  Iron  Ca,  H.  Leonard .  D'Israeli,  Que. 
Messra  Beebe  and  Sons Boston,  Mass. 
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COAL.  Coal. 

With  the  exoAption  of  a  small  oatpat  of  anthnunte  coal  from  the  Prodoctioii. 
mines  sitnated  in  the  Caaoode  ooal  baain  of  the  Nort^-weat  Temtories, 
which  in  1901  amoanted  to  on);  14,742  tons,  the  entire  product  in 
Canada  consists  of  bituminous  coal  and  lignite. 

The  chief  ooal-bearing  areaa  at  prewnt  vorked,  are  the  Nova  Scotia 
coal  fields  in  rocks  of  Carboniferons  age,  the  Cretsoeous  coal  of  Yaa- 
conver  Island,  British  Colamlna  and  the  more  recently  opened  fields 
of  the  Crow's  Nest  Fsss,  B.O.,  also  fonnd  in  the  Cretooeoos  rocks. 
Ligaitic  coal  of  good  quality  is  iniaed  at  Lethbridge,  Alberta  and  in 
the  Souris  river  district,  Assiniboia. 

The  production  of  coal  in  Canada  is  now  double  what  it  was  in 
1890,  and  over  four  times  the  output  of  1880.  The  production  in 
1901  reached  a  total  of  6,227,352  tons  of  2,000  pounds  (5,560,135  tons 
of  2,240  pounds)  valued  at  {12,005,665,  being  an  increase  in  quantity 
overtheoutput  of  1900  of  618,686  tons  or  over  11  per  cent.  The 
aggregate  value  of  the  coal  mined  in  1901  was  somewhat  less  than 
during  the  previous  year,  owing  to  the  high  priues  obtained  for  coil  in 
Kova  Scotia  in  1900  not  being  maintained  during  the  past  year. 

Statistics  of  production  by  provinces  for  1900  and  1901,  are  given 
in  Table  1  following,  while  in  Table  2,  a  comparison  between  the  two 
years  is  shown. 

Tabu  1. 

COAt. 

pBODPono'*  BT  PanviHOEa,  1900  abu  19m, 


p„.„.. 

1900. 

1901. 

Toi». 

V»lu;. 

Tons. 

Value. 

Nova  Scoti*. 

British  Columbia 

North-west  Territoriee  includ. 

3,623,636 
1,623,180 

SC1.9CiO 
10,000 

•8,068,260 
4,347.804 

339,376 
16,000 

4,168,068 
1,660,MS 

391,139 
17,830 

9  6,496,982 
4,447,809 

1,008,917 
51,867 

Tot»l 

8,603,666 

n3.290,429 

6,227.362 

$12,006,660 
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Table  2. 

PBonucnoH.    Comparihon  op  IBOO  and  1901. 


ProvinM. 

iNOntASl  DM  DtORKABI. 

Tom. 

Peropnt. 

Vdue. 
* 

Percent 

NowScoti. 

BritUh  ColumbU 

ing  Yukon      . .   

Sew  BruMwiok 

Dombion 

i   584,632 
i     37,336 

i     39.819 
1       7,630 

.■      14  76 
(        2-30 

i      11  13 
(      76  30 

.11,691,288 

i      100,00s 

i      169,643 
i       36,867 

d     19  67 

i        BW 

i      20-80 

t  2i5n 

>   619,6Se 

•      11  04  1  dl,ZS*,S24 

d       9-67 

t  Increue.    if  Decre*s4-. 


AbKVAL  PaoDUCTIOK 


Cslendar 
Year. 

Tont 

Villi*. 

*v3r 

IwrTon. 

IncTcue  I.) 

ID  Tonnaee. 

Incr.  (.■) 
paroent. 

ISrtB..   .. 

2,lHa63 

$3,739,840 

»1  77 

1887 

2,439,330 

4,388.306 

181 

i   312,677 

(  14  8 

1888 

2,602,662 

4,874,140 

180 

i   173.222 

i    71 

im 

:;608,ao3 

4,8H287 

1  84 

i     66,761 

t    3-1 

1890 

3,084,682 

6.676.247 

1  K4 

•   426,379 

>  16-0 

1801 

8.677,749 

7,019,426 

1  116 

t   493,067 

.-  16- 0 

1892 

3,287.746 

6.363.767 

1  IH 

d  290,004 

d   8-1 

1893.   ... 

3.783.499 

7,369.080 

1  1« 

i   490,764 

i  10-1 

1894.   ..- 

8.847.070 

7,420,468 

193 

-■     63,671 

{    17 

18l» 

3,478,344 

6.739,163 

1  94 

<(  868.726 

d   9-6 

1806 

8.746,716 

7.226,462 

I  93 

i   367.372 

i    7-7 

1S97 

3,788,107 

7,308,697 

1  93 

i     40.391 

i    I-l 

1898 

4.172;6S2 

8.222,878 

1  B7 

i  386.478 

.-  10 '2 

1899 

4.926.061 

10,283.497 

200 

.■  752,469 

.■  180 

1900 

6,608,666 

13,290,429 

287 

>   683,616 

•  13.9 

1001 

8,227.302 

13.006,966 

1  93 

>   618.686 

tll'04 
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In  wpiba  of  the  opening  np  of  new  mines  in  the  weatom  proriacefl,  Coal. 
the  co»l  fletds  of  N«iw  Scotia  not  only  continue  to  Bapply  the  greater  Production 
part  of  the  Cutadian  prodnot,  saarly  67  per  cent  in  1901,  bnt  they 
have  also  dnring  the  past  three  or  four  years  been  increating  ttieir 
proportion  of  the  total  ontpat,  as  evidenced  by  the  following  taUe 
which  shows  the  peroeotaKe  of  prodnotion  to  be  credited  to  the  several 
provinces  atvarioiis  periods  since  1874. 


Provinc". 

1874. 

1880. 

18S0. 

1898. 

1699. 

1900. 

1901. 

p-tt 

91 
8 

P.C. 

79 
SO 

p.c, 

71 
2B 

Bl-4 
30-3 
8-3 

p.0. 

689 

290 
71 

P.O. 

64-6 
28-9 
6-5 

p.e. 
i»;8 
60 

NorthwertT«rritorie«l 

; 

The  Statistics  of  production  since  1866,  showing  the  inoresse  each 
year  and  the  yearly  average  valne  per  ton,  are  given  in  Table  3,  while 
statisticu  of  exports  and  imports  are  given  in  Tables  4,  5,  6,  7  and  8 
following.  Changes  in  the  Dominion's  foreign  coal  trade  were  oom- 
paracively  unimportant ;  exports  were  somewhat  less  than  during  1900 
bnt  still  larger  than  any  other  previous  year.  Imports  of  both  anth- 
racite and  bitaminons  ooal  were  greater  than  in  1900. 

TABUt4. 

ESPORTH.  I 


Calbkdab 
Yus. 

Pboduci 
Canada. 

Not 
Pboduce. 

Oalemdai 
Tear. 

P^"""^"    i        Not 
Canada.    I  ^'""'^^ 

Tons. 

Tons. 

Tons.      ;      Tons. 

■m 

5,403 

12,809 
14,026 
4^990 

4;629 
5,468 
81468 
14,217 
14,246 
37,676 
44,388 
62:666 

n,oo3 

78,443 

89,098 

1 
688.^            8tS16 

310,988 
260,848 
248,636 
301.817 
^,9&9 
8061648 
432,188 
.%fi,382 
412,683 
486,811 
474,406 
427.937 
620,703 
680,966 

1889 

971,269 
823,733 
960,312 
1,103,694 
1,011.236 
1,106.681 
986.130 
l.ieO.029 
i;2n3:i69 
1,787,777 

82,634 
77,827 
9^,988 

102,827 
80,786 
96,886 

116,774 

101,848 
99.189 

101,004 
62,776 

1891 

im:::::::" 

1894 

I^:::::;::' 

188S 

liS: ::::::: 

1886 
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Tabu  6. 

Coal. 

EiPOBTS.— Nova  Rootu  and  Bbitibh  Coldhbia. 


C^endkr  Ym. 

Nov*  Saitm. 

'Biitiab  Colunibw. 

Toot.       1      VJue. 

Tom.            Value. 

1874 

1879 

1876 

1877   

1878   

1879 

262,124 

179.626 
126..^20 
173,389 
154,114 
113,742 
199,552 
193,081 
216,954 
192,796 
222,709 
176,287 
240,469 
207,941 
166,863 
186,608 
202,387 

•647,589 
404,351 
263,543 
352,453 
393,795 
203,407 
344,148 
311.721 
390,121 
336,088 
430,330 
349,650 
441,693 
390,738 
830,115 
396,830 
426,070 

61,001       •  278,180 
65,842           356,018 
116,910  1         827,754 
118,252  ,         690,263 
16.%734           698,870 
186,091            608,846 

1881 

1882 

1883 

1884 

1885 

1886 

1K87 

1H88 

1889 

1890 

187,791 
179,552 
271,214 
SM5,478 
260,191 
274,466 
356,667 

406.  on 

470.683 
606.882 
767.734 
699.716 
708,228 
770.439 
728,383 
679.799 
&30;341 
813,843 
781,809 

622,966 
628. 4S7 
946,371 

1892 

1893 

1894    

1896 

1896 

181,W7            407,980 
208.198  1         470,696 
310,277           633,398 
241.091  1         534,479 
380,149  :        787.270 

1898  

1899t 

309,  lo'* 
459.260 

629.363 
827.941 

*S«-  ruit-note,  table  16. 
tSince  1899,  eiiurU  b;  proTinrea  have 
gKtion  ReiMTt. 


t  been  publiihad  in  Trade  and  n, 


IllPORT«  OF  Bmiii 


Fiiwal  Year 

Ton.. 

Value. 

Fi-ad  Yew. 

Ton^ 

Value. 

1880... 
1B81.. 
1882,, . 

467,M9 
587,024 
636.374 
911,829 
1,118.619 
1,011.876 
930,949 
1,149,792 
I,2S1.2S4 
1,248,540 
1,409,282 

t 

61 
68 
81 
98 
70 
39 
64 
26 
61 

n 

99 

1891 
1892 
1893 
1894 
1899 
1896 
1897 
1898 
1899 
11100 
1901 

1,698,866 
1,616,220 
1,803,164 
1,369,509 
1,444.928 
1,638,489 
1,643,476 
1,684,024 
2,171,358 
2,439,764 
2,616,892 

H060,896 
4,099,221 
3,967,764 
3,319,094 
3,321.387 
3,299,036 
3.264,317 
3,179,596 
3,691,946 
4,310,964 
4,966,025 

1884.., 
1MH5. . . 

1887., 

1888,  . 

1889,  , 
18U0.  ,. 

*Daty,  53c,  per  ton. 
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TaBLB  7. 

Impobtb  of  Anthbacite  Coal. 


OOAI. 

Imports. 


Fiical  Ye«r. 

Tom. 

Vdu*. 

Fiscal  Year. 

Tom. 

Value. 

516,739 
672,092 
688,373 

754,891 
868,000 
910,324 
998.428 

1,100,168 
t2.I38,62r 

1,291,706 

liwiisss 

60 
87 

S6 
36 
83 
44 

60 
62 

76 
81 
27 

1891 

67 
06 
60 
22 
43 

ec 

96 
01 
60 
01 
83 

•8 
8 
6 
6 
6 
6 

6 
6 
6 

7 

1881 

1893.....'.   .. 

1894 

1895 

18S3 

1889 

1901* 

*Coal  aothracite,  and  anthracite  ooai  diut.    Duty  free. 

tin  Table  7,  Importa  of  Anthraoito  Coal,  a  very  cDOsiderable  increase  will  ba 
noticed  in  1888  over  1887,aQ  increase  of  over  Dinety-four  per  oent,  the  falling  off  again 
in  1869  beiuK  quite  as  remarkable.  The  average,  values  per  ton  for  the  three  yeara 
1887,  1888  and  1889,  were  (4.02,  82.47  and  £4.03  respectively.  Although  a  duty  of 
fifty  cents  per  ton  on  anthracite  coal  vaa  removed  May  13,  1887,  it  is  hardly  thought 
this  wonld  account  fur  the  changea  indicated,  and  unless  some  error  may  possibly 
have  crept  into  the  Trade  and  Navigation  Report,  no  explanation  is  available. 


Table  8. 

Coal. 

Ihfoktsof  Coal  DtsT. 


Fiscal  Year. 

Tons. 

li 

Value.      ;    Fiscal  Year. 

1 

Tom,. 

Value. 

3.66S 
837 

8,154 
12,782 
20,188 

iS;S? 

28,808 
39.980 
53,104 

«    8.877 
066 
900 
10,082 
14.600 
20.412 
36,996 

34,730 
47,139 
29,818 

I«9I 

60.127 

82,091 
109,586 
117,573 
181,318 
210,386 
220,862 
229,445 
276,547 
33o;i74 
414.433 

936,130 
m:840 
44.474 
49,810 

52,221 
03,742 
59.609 
46,666 
44.717 
98,349 
276.869 

1882 

1895 

1896 

1897 

1898 

1887 

1901* 

'Duty,  20  p.  c  not  over  13c.  per  ton. 

An  approximation  to  the  consumption  of  cool  iu  CauadfttSufficiently 
accurate  for  purpoees  of  comparison,  may  be  made  as  follows,  if  wu 
assttme  the  figures  of  imports  for  the  6scal  year  to  represent  closely 
enough  the  importation  during  the  calendar  year. 
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36  s  obolooioal  flubtbt  of  oamada 

Coal.  Tom.  Toii«. 

ConsumMion  ProdaotioQ  Tftble  3. . . . .  6,227,352 


IkmsumMioli 
nCMUtds. 


Expwta  of  oo«l,  (he  pro- 
dncl^on  of  Cuwdft, 
T»ble  i 1,573,661 

Home    oonsnmption    of 

C«iiKlUn  ooaL 4,653,691 

Imports  of  bitnmiiioa* 
antbracito  &ad  ooftl 
dost,  Tablea  6,  7  ud  8  i,8fi4,107 

Exports  of  ookl  not  the 
production  of  Ckiuuln, 
Tabl«4. 53,894 

Home    conaumption    of 

imported  ooal 4,810,313 

Tot&l  oonanmption  of  coal 
in  Canada,  home  and 


mported »,463,90'1 

Table  9  embodiea  similar  calculation))  for  each  year  since  1686. 
Therein  is  shown  the  consumption  of  Canadian  and  imported  ooal  and 
the  peroentage  of  each,  as  well  as  the  total  consumption  per  capita. 
It  will  be  seen  that  not  only  the  total  oonsnmption,  but  the  oonsump- 
tion  i>er  capita  also  has  been  steadily  increasing.  The  total  c<msaiDp- 
tion  in  1901  was  greater  than  in  1900  by  1,281,452  tons  or  15-6  per 
cent. 

An  interesting  feature  to  be  deduced  from  the  abore  figures  is  the 
relation  between  the  total  production  as  given  in  Table  3  and  the  total 
consumption.  Thus  in  1901  the  production  amounted  to  65*8  per 
cent  of  tiie  consumption  as  compared  with  68'6  per  cent  in  1900,  63'7 
per  cent  in  1899,  661  per  cent  in  1898  and  63-9  per  cent  in  1897.  In 
1890  the  proportion  was  62-4  per  cent  and  in  1886,  60-8  per  cent. 
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Tabls  9. 
Coal. 

CoNSDMFnOK  OF  COAL  IN  CANADA. 

Coal. 

C^leadar 

CaiuKlun. 

Imported. 

ToWl. 

|.s 

a 

14 

Too* 
JO 

» 

K 
W 
12 
37 

r6 

>9 

^6 
r7 

S3 

S2 

S9 
Bl 

Tom. 
81 
80 
B3 
SI 
67 
32 
29 

18 
C2 
66 
SS 
81 

., 01 

4,361,563 
4.810,218 

TODA 

26 

rs 

19 

SS 
12 
41 
19 
M 
81 
11 
62 
S4 
43 
02 
04 

46-7 
37-8 
Hi 
47'8 
467 
44-4 
476 
485 
46-7 
4S1 
47  8 
480 
47  0 
46-7 
49-1 

54 
64 
62 

Be 

62 
63 
65 
62 
61 
64 
64 
62 
62 
63 
63 
60 

Tono. 

1  -788 
3         '871 

2  1137 
6         -946 

2  1081 

3  1163 

6  1133 

4  1198 
G       1130 
3       1066 
9      1140 

7  1'143 
0        1200 
0       1-464 
3      1621 
9       1-761 

1887 
1888 

1891 

1896 
1897 

SovA  Scotia 

NoroSooW. 

Detailed  statisbicB  of  production  of  co&l  in  thiB  province  &re  given 
in  Tables  10,  11,  12,  and  13.  Id  Table  10,  the  output,  sales  and  col- 
liery cousumptioD,  are  sbown  botb  in  tons  of  2,240  poonds  and  in  tons 
of  2,000  pounds.  The  production  shows  a  considerable  incream  over 
the  previous  year  and  ia  the  largest  in  the  biatory  of  coal  mining  in 
this  province.  It  reached  a  total  of  4,158,068  tons  (2,000  pounds) 
being  an  increase  over  1900  of  534,633  tons  or  nearly  15  per  cent. 
The  price  of  ooal  at  shipping  point,  which  rose  to  an  average  of  |2.60 
per  long  ton  in  1900,  fell  off  ^ain  during  1901  and  averaged  about 
$1.75  for  the  year.  The  various  tables  require  but  little  comment. 
It  will  be  noted  that  the  Dominion  Coal  Company  supplies  by  far  the 
greater  part  of  the  output,  over  67  per  cent,  being  more  than  alt  the 
other  mines  of  the  province  combined.  In  the  table  of  distribution  of 
ooal  sold,  increased  shipments  to  all  marketa  are  shown  with  the  excep- 
tion of  New  Brunswick  and  the  United  Statea.  The  consumption  of 
coal  in  Nova  Scotia  has  been  increased  by  the  operations  of  the  Dom- 
ioioQ  Iron  and  Steel  Company.  While  some  email  ahipmente  have 
been  made  to  Europe,  theae  had  not  attcdned  much  importance  before 
the  close  of  the  year.  The  future,  however,  would  appear  to  hold 
bright  prospects  for  an  increased  demand  in  this  direction. 
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SBCTIOM   OF   MINES 
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2,0001 
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894 
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QKOLOGICAL  fiURTET   OF  CAXADA 

TabM  12. 
CnJ. 
V   COLUKBIIS   IIC'IIKU  THI  CALBKIIAH  VBAB.   1 


JcmiDi   76.220 

JuKke 1.221 

Sootu. 776 

.  SpringliiU... 460,965 

Fietov  Countit, 

Ac»di» 302.683 

Uanfa Z227 

InlavnloDu] 234,990 

Intmuu  County. 

M»bou 1.030 

I  Pt.Howl  34,108 


Vietoria  Cimn/y. 

NcwCunpbelton U,1S1 

Capt  BrrtoH  CouyUji,       I 

Uoroinl™  Cori  Cu. 2.869.197 

Novk  Seoth  Stml  and  CoaI 

Co 264,616 

GowrwwidBlockboaK....  22,90G 

Sydney moas 

ToUL 4,278.l»7  : 


Tabue  U. 

Coal. 

— UieTBiBirrioti  o 


Calend&i  Ycmn. 


XovA  Scotia,  tnuiBiiorted  by  laud. . 


Total,  Nova  Scotia. . 

New  Brunawick 

PtiDcn  Edward  Island 

(>uelwa 

Newfoundland 

Unil«d  State* 

Other  tx 


Total-. 


l,Ote.388  2fl  a 

438,834  131 

69,046  21 

1,031,49^'^  ,  30  7 


3.3W,6»5       1000 


1,291,644 
386,976 
76,324 

l,31^93n 
124,266 

623,sno 


NlW    Bltt)N8WlCK. 

There  has  been  m  coosiderftble  i^ 


srai  of  activity  in  coal  mining  in 
this  province.  Oldoperatorshareincreased  their  onlput,  while  sevenU 
new  oompanies  are  in  the  Geld.  The  sales  and  shipments  for  1901 
have  been  returned  u  17,630  short  tons,  valned  at  |51,8S7,  which  is 
a  substantial  increase  over  the  operations  of  previous  years. 
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The  early  oompletion  of  the  New   Braaswick  Co&l  and  Railway  Coal. 
Company  line  between  Newcastle  and  Fredericbon,    at    present    in  New 
coarse  of  conslrnction,  it  is  expected  will  reenit  in  an  extensive  dove-    ™"*'" 
lopmenC  of  the  cool  areas  between  Little  river  and  Newcastle  river 
in  the  Grand  Lake  district. 

At  Dansinane  on  the  Intercolonial  Railway  in  King's  county  some 
woi^  of  an  exploratory  character  was  undertaken,  while  at  Coal  Branch 
in  Kent  county  a  shaft  was  oommenced  on  coal  Beams  in  that  vicinity, 

Tabue  14. 
Nbw  Bbdkbwiok  ;— Pboddction. 


Calendar  Year 


10.040  '    »    : 

6,730  i 


6,673 

11,7SS 

7.U0 

13,800 

'•*'' 

11,030 

6,768 

9,876 

6.300 

B.8S7 

6,460 

10,364 

9,800 

14.S60 

7,600 

11,280 

8,000 

9.000 

fi,iao 

9.240 

16,000 

51,867 


NOKTBWEST  TSRRITORIBB   :  K 

T 

At  Eatevan  and  Coal  Fields  in  Assiniboia,  and  Lethbridge,  Anthra- 
cite and  Canmore  in  Alberta,  mining  operations  were  carried  on  with 
increased  vigour  and  enlarged  output.  Important  developments  have 
taken  place  at  Frank  and  Blairmore  to  the  east  of  the  Crow's  Neot  Pass 
coal  areas,  and  a  considerable  output  from  this  district  in  ,tbe  imme- 
diate future  is  probable.  The  product  of  a  number  of  coal  deposits  of 
U_B— 3*     . 


ib.  Google 


34    B  QBOLOGICAL  SORVKT   OP  CJtSkDA 

Goal.  tha  Yukon  district  hu  kIbo  beea  atUized  to  a  nnftll  extent  during  the 

NoRh-wMt      put  jroAT,  being  nld  in  I'awBon  And  vicinity. 

Temtorim. 

The  total  product  of  the  Territoriei,  excluding  the  Yukon,  for  the 
year  has  b  en  estimated  at  3t)5,279  tons,  valued  at  9922,687  and  made 
up  as  follows : 

Estevan  and  Coal  Fields 46,000  tons. 

Lethbridge. , 217,034     ,. 

UiacellaDeous  small  min»t ...    4,000     n 

Anthracite  and  CaniDure 103,341      ,. 

Blainnore. 16,000     >• 

Total 386,276     -, 

Of  thifl  amoaat  14,742  tons  is  anthracite  coal,  the  balance  bituminous 
and  lignite. 

The  total  salea  in  the  Yukon  are  reported  as  6,864  tons,  valned  at 
Dawaon  at  186,230. 

Table  16  fcdlowing,  gives  statistics  of  producti(Mi  in  the  North-weat 
Territories,  not  including  the  Yukon  ; — 

Table  15. 

COAU 

NoBTH-WBST  TnBrroim  ;—Pboi motion. 


CdradvYea 


Ton*. 

Vkloe. 

V»lu«per 

ton. 

183.3^4 

97,364 

179,640 

1  W 

174,131 

437,243 

JW,870 

4e9,WVi 

250 

338,396 

199,991 

48B,9Hn 

246 

(106,  »il 

287,163 

667,803 

260 

3S4.800 

811.500 

343 

351.9W 

338 

,» 

i 

The  various  mines  at  Coal  Fialds  and  Hoche  Ferc^  have  been  con- 
solidated under  tbe  general  management  and  direction  of  the  Sonria 
Coal  Mining  Co.,  Ltd. 

At  Frank,  Alberta,  a  mine  has  been  opened  up  and  operated  by 
the  Canadian  American  Coal  and  Coke  Co.     According  to  Hr.  Frank 
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aauL.]  BEcnoN  of  hikes  35  a 

B.  Smith,  inspeotor  of  ooftl  mioes  for  the  North-weat  Territories,  the  Coal. 
seam  ha-t  an  averoge  bhickneas  of  12  feet,  and  the  miae  is  capable  of  North-imt 
producing  an  average  of  200  tons  per  day  which  wiihin  a  few  months    ""'"'**• 
was  to  be  increased  to  600  tons  per  day.     The  coal  is  bitnminoas, 
and  is  reported  equal  in  steaming  qualities  to  the  Croir's  Nest  coal. 
The  ooaking  quality  has  also  been  tested  hj  the  weotion  of  six  bee- 
hive ovens  at  the  mine. 

Id  the  Yukon  district,  co/ti  has  so  far  been  found  and  developed  at 
three  points,  Cliff  creek,  Book  creek  and  Five  Fingers. 

The  Cliff  creek  mine  is  located  on  the  east  aide  of  the  Yukon 
river,  about  60  miles  below  Dawson,  and  1^  miles  back  from  the 
river.  The  property  from  which  several  thousand  tons  have  been 
mined  and  shipped  to  Dawson  and  vicinity  is  owned  by  the  Korth 
American  Transportation  and  Trading  Co.  The  deposit  occurs  in 
Eandstones  and  shales,  apparently  of  Laramie  age,  and  the  seam  is 
seated  to  be  about  15  feet  thick. 

The  Rock  creek  coal  mines  are  located  on  the  river  of  the  same 
name,  about  7  or  8  miles  from 'the  Klondike  river,  and  16  miles  from 
Dawson.  The  Alaska  Exploration  Company  has  been  operating 
here  during  the  winter  of  IQOO-lOOl,  the  coal  being  brought  out 
daring  the  sleighing  season.  Lack  of  traoaportation  facilities  however, 
interfered  and  work  ceased  in  April  1901.  A  number  of  private  indi- 
viduals are  also  said  to  have  coal  claims  in  this  vicinity,  but  little 
has  been  done  beyond  proepectung. 

Seams  of  coal  above  Five  Fingers,  on  the  Yukon  river  and  nearly 
SOO^miles  above  Dawson,  were  discovered  by  Wm.  Ogilvie  in  1887,  and 
their  exploitation  was  mentioned  by  him  in  the  Annual  Report  of 
the  Department  of  the  Interiorfor  1900.  A  mine  is  reported  to  have 
been  in  operation  at  ibis  point  during  1901,  but  no  records  of  produc- 
tion have  been  obtained. 

British  Columbia  :  Britiih 

Ooltimbia. 
The  coal  production  of  this  province  is  derived  from  two  distinct 
fields  vis ;  from  the  collieries  on  Vancouver  Island  and  from  those  near 
the  Crow's  Keat  Faas. 

The  total  sales  and  shipments,  &c.,  fur  the  year  1901,  were  1,660,515 
tons,  an  increase  of  2-3  per  oent  over  the  year  1900.     This  figure  does 
'  not  include  the  ooal  used  in  coke  ovens  which  amounted  in   1901  to 
321,296  tons  of  3240  Ins.  or  947,773  short  tons. 
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Statiitics  of  output,  home  consumption,  quantity  sold  for  export  tc, 
ire  shown  in  Table  16. 


Tabu 

16. 

COAI. 

Bhitihh  Coll-mb 

A  :— Pkoducticin, 

lit 

Cftlendw!    output    ^-^ei 

Sold  (or 

PaODCtTlON.' 

Prioe 

YMt 

2.240  lfc«,    |||i 

2,240  It*. 

,V»lue. 

Ton.. 

■      Ton,, 

!,3401b« 

S 

2,340  lbi>. 

!  2,000  lb.. 

• 
400 

18S6-68..1       10.000 

11,200 

$ 
40.000 

l8Sa-89..l       26,:-98 

28.446 

400 

101,5!(2 

lawT 

1,98!)  ■ 

2,228 

400 

7.9Wi 

1860.. 

-.1       14,247 

16.967 

4  00 

.W.9N* 

1S61.. 

..1       13.774 

15,427 

4  00 

55,«« 

1B62., 

18.118 

20.292 

400 

72,472 

1861. 

21.346 

Fnrni 

1836  to  1873   iiii'lu- 

2:t,906 

4  00 

89,»0 

1864.. 

■x.es2 

the  oil  twit 

i.  taken 

I       32,068 

400 

114.928 

1869.. 

32.819 

!       36.767 

400 

131,276 

1806.. 

25,116 

28.129 

4  OU 

100.460 

1867, 

31,2S9 

1       34,988 

400 

124,996 

1868.. 

..,       44.006 

49,286 

400 

176,020 

1869.. 

35.802 

40.098 

4  1)0 

143,20!< 

1870.. 

...       29,g4S 

3.'i,424 

4  00 

119,372 

1871  2 

3.'      148,4.5!! 

1      166.274 

4  DO 

593,8.30 

1874.. 

81,647  1 

25,023 

66.038 

81,061 

1       90,788 

3  00 

243,183 

im. . 

110,14C  1 

31.262 

6e.3!>2 

97.644 

'      109,361 

3  00 

292,932 

1876.. 

. .      199.192  ■ 

17,86« 

+122,329 

140,186 

1     197,007 

300 

420,666 

1877.. 

1H052  i 

24,311 

ll.'-i.-Wl 

139,692 

166,466 

300 

419,076 

I87S.. 

. ,      170,840 

»>.1H6 

164,682 

190,848 

1     218,750 

300 

572,644 

1879., 

-.1      241,301 

40,2M 

192,096 

232,390 

,     260.277 

3  00 

(i97,170 

1880. 

.   '      2«7,69S  ■ 

46,513 

225,848 

272,362 

3DB.04B 

300 

817.086 

1881.. 

..;      228.357 

40,191 

189,328 

229,614 

!     387,066 

300 

688,642 

1«82.. 

..1      2N2,]Sn 

96,161 

232,411 

288,671 

323,201 

300 

860.716 

1H88.. 

..1      213,299 

04.786 

H!l,9e7 

214.3&3 

240,076 

300 

643,069 

\m. 

..|      394,070 

87,388 

306,478 

393,866 

.     441.130 

300 

1,181,608 

188B.. 

.-1      365.996  < 

ft5,227 

237,797 

333,024 

1      372,987 

300 

999,073 

1886.. 

..|      326,636 

H6.1«7 

249,306 

335,102 

!      376,416 

.100 

1,006,576 

1887.. 

.   1     413,38(1 

a9.216 

334,839 

4.'M,065 

486,142 

300 

1,302,165 

1888.. 

,-|      489,301  ! 

15,!163 

366,714 

481,667 

'      5.19.4(17 

300 

1,446.001 

1889.. 

..       579,830  1 

24,574 

443.679 

668,249 

636.439 

300 

1890.. 

..|      B7B,]40 

77,076 

.'W8.270 

e8.\a46 

797.586 

300 

2,' 

18»1. . 

.   1  1,029,017 

!02,fi97 

806.479 

1,009.176 

i,i:to,277 

300 

3.' 

1892. 

,.      820,336 

96,223 

ftJO.r.79 

8.36,802 

1     937,218 

300 

% 

18SS.. 

,.|     !»7H,294 

W7,861 

768,917 

976.788 

1.093.980 

300 

3!; 

1891. 

..    1,012.963 

«5.77fi 

827.M2 

993,418 

1,112,628 

300 

1896.. 

fl;fil,654  ; 

88,349 

766,334 

944,683 

1,068,045 

300 

2!; 

1896.. 

..       894,Wt2  ; 

!Gl,g64 

634,288 

896,222 

1,003,769 

300 

2.'- 

1897., 

..'      892,296 

'■>0,310 

619.860 

910,170 

1.019,390 

3  00 

2,730,610 

1898.. 

1,136,019  1 

I74,!«8 

762,863 

1,127,816 

1 1,263.164 

800 

3;383;448 

1899.. 

. .    1,306,324  , 

2fi,06K 

761,711 

1.277,769 

1  ',4.31.101 

,100 

3,833,307 

1900. 

..    1,590,178  , 

>.T6,064 

914,184 

1,449,268 

i  1,623.180 

300 

4,347,804 

1901. 

..,  l,tl!)l,557  1 

)6H,440 

914,183 
byiddimt 

1,483.603 

!  1,660,615 

300 
dd  -Sold 

4,447,8CU 

•Th» 

Home  Conaumptiona 

orKxport,, 
the  '  Home 

tS2,93 

9  OF  thin  UDOi> 

t  WftH 

ijxirtedu 

m1b»  without  the  divt 

Cmwum 

ption'uid  'So 
T^leS,  thecMi 

dforE 

port.' 

.'The 

loW  for 

Ixport'  eolu 

mndono 

■gr«>Mth 

ey  ihould 

withChoM 

lifl^ren 

V  expl. 
haano 

z  that  the 

diM  in  the 

two  cut 

f  ue  from 

e  to  find 

out  the  cu. 

eofthed 

ifference. 

TTwo 
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BECTIOM   OF   HINB8 


Statistics  of  coal  proda< 


a  in  1901  are  given  in  the  Annual  Report  Coal. 


of  the  Minister  of  Mines  for  the  province  u  follows  : 


Sales  and  output  fob  yeak. 
Toiu.  of  2210  lbs. 

1 

Ton*. 

i 

I 

CwL  j     Tons. 

Owl 

„       *.xportMU.aA 

Tot»l»l8» 

U«<i  und«  <»lli«ybuile™  Ac 

41S,TW 

895,197 
,       18.S65 

18 
10 
16 

1  1,327,868 
1     164,736 

03 

01 

27,977 
1        6.7M 

01 

17 

U«)d  in  iii»kiDg  ooke , 

Stock  on  (»nd  tint  of  yew 

„      l»!.lofj«»r 

Output  of  oollieri™  for  ynx 

231,220 
1,713,829 

04 

22,272        M 

1,091,667 

Statistics  of  labour  and    wagee  are   given   in   the  same  report  as 
follows.    Nnmber  of  bands  employed,  dtaly  wages  paid  etc. 


U.VDBBOROUNn. 

Amove 

.o„„. 

TOTAl, 

CHABAtTEIl  OC  LaBOUH, 

■s*, 

x"^ 

1^ 

s 

■5>. 
1-^ 

III 

47 

1,739 
327 
602 

84 
132 

28 
103 

t    4S6 

4  00 
340 
266 
286 
1  flO 
1  40 
1  36 

40 

»    400 

816 
27B 
164 
64 

noJ> 

WhitCB- 

MechAiio  A,  skilled  labour 
,Boy. 

anr;::;;:;;;;::.::::. 

213 

216 
22 
36 

407 

3  16 
1  15 
1  16 
1  20 

280  < 
300 

130  ! 
1  90 

3,041 

933 

3.974 

During  the  year  1901,  the  Vancouver  Island  coal  mines  yielded  a 
total  output  of  1,313,202  long  tons  of  coal,  of  which  50,458  tons  were 
used  in  making  coke.  This  is  somewhat  less  than  the  output  of  the 
previous  year.     The  export  trade  was  less  by  about  55,000  tons  prob- 
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Mj  dve  to  the  iocrsMed  om  of  oa)  m  fa«l  in  California.  The  exports 
of  VftDcouver  IsUtnd  coal  are  made  priadpalljr  to  the  state  of  Califonua 
but  also  to  the  Hawaiian  islands  and  Alaska.  Coal  for  use  as  fuel  is 
supplied  to  a  Inrge  extent  to  the  Australian,  Japanese  and  Chineee 
mail  steamera. 

The  following  statistics  of  receipt*  of  ooal  in  the  Californian  market 
are  given  as  illustrating  the  position  which  Britixh  Columbia  ooal 
occupies  in  this  market. 


Hritihh  ColumtHa 

Auatnlis 

Engli-h  .nd  WpUb 

EsMtfrn  (Cumberlaiid  uitl  AnthrBcile)  . 
Seattle  (Wuhington) 

Mount  DLahle]  Coo*  Baj  and  t«j»! '.'.'.'. 
■fB.\»n  ftud  Rocky  Mountain*  (by  nit),  ■ . 

Tot»l 


2,240  It*. 

4240  lbs. 

TB6.917 

710.330 

178.563 

175,SI9» 

52.270 

17,319 

260,590 

3«,574 

160,9ir, 

143,318 

l,S8a.l2» 

l,eH785 

The  folluwing  companies  operated  coal  mines  on  Vancouver  Island 
during  1901:— 

The  New  Vancouver  Coal  Mining  and  Land  Company,  Limited, 

operating  the  Nanaimo  colliery. 
The  Wellington  Colliery  Company,  Limited,  operating  the  Wel- 
lington oolliery  in  Cranberry  district,  the  Wellington  Colliery 
in  Comoz  district,  and  the  Alexandria  Colliery  in  Cranberry 
district. 
The  total  output  of  the  Crow's  Nest  Pass  Coal  Company  in  ISjl 
from  their  Coal  Creek  and  Michel  collieries  was  379,35S  long  tons,  of 
which  180,768  tons  were  used  in  making  coke,  the  increase  over  1900 
being  more  than  C'3  per  cent.  ' 

Further  details  relating  to  production  and  collieries  working  will  be 
found  in  the  Annual  Report  of  the  Minister  of  Mines  for  British 
Columbia. 

COKB. 

More  than  twice  as  much  coke  was  made  in  1901  as  in  1900.  The 
.inauguration  of  extensive  iron  smelling  operations  at  Sydney,  Nova 
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Booti&i  employing  coke  as  fuel,  and  the  oootinued  building  of  new  coke  Coal. 
OTens  at  Femie  B.C.,  to  supply  the  incceasiog  detoand  for  fuel  used  in  cuke. 
the  reduction  of  British  Columbia  oree  are  mainly  responsible  for  ^^ 
this  greatly  increased  output.     The  production  in  1900  amounted  to 
36S,531  tons  valued  at  $1,228,225,  the  increase  in  quantity  over  the 
previous  year  being  over  132  per  cent. 

Statiatics  of  production,  exports  and  imports,  are  given  in  Tables 
1,  2,  S,  4. 


Table  1. 

Coke. 

,         Cnlendar  Ytnr, 

,     t™. 

VJue. 

Value. 

'  1888 

35,390 

•101,940 

»2  8B 

1887 

«l,428 

136,961 

3  36 

166.048 
16(5,298 

'  1890  

66,450 

296 

1892 

56,i.'a 

160,249 

236 

88,044 

148,561 

256 

I  1898 

53,8n6 

148,047 

268 

49,619 

176,467 

100,820 

360,022 

347 

1  1901 

3WS681 

1,228,226 

Calendar  Year. 

Nova  Sootia. 

Britiih  ColumWa. 

Tons. 

VriUfl. 

Tan*. 

Vah». 

I8il7  

41,632 
481400 
62,469 

61^767 
323.694 

• 
99,960 
111,000 
178,787 
223,305 

S9o^sao 

19,164 
39,200 

n2,sai 

• 
85,C07 
175,000 
171,266 

426,746 
837,666 

1890 

1900 
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Tabu  3. 
Coke. 

Ex  PORTS  OF  COEC 


Ciil«nd»r  Yeu-. 

j      r^ 

Vdue. 

IW 

2.9S7 

6,0TH 

1808 

8,774 

8,391 

ISPS 

5.567 

18,7ai 

IMO. 

«,329 

ISLZTH 

1901 

87,005 

17«,9!Kl 

Ihfo 

Taul*  4. 

COKI. 
■TK  or  UVRN  COKK 

i         Ton^ 

Fitnl  Ymt. 

Vmlue. 

1880. 

8.897 

t 
l<l,35.-l 

1H82. 
18KI. 

1884. 

M.i57 
8,M3 

11,207 

36,670 

.■te,.5HH 
44,818 
41,391 

18B7. 

!^llo 

56.222 

91,902 
133,344 
177,606 

18BU. 

t8m. 

1891, 

.   ,             39,067 
.%,fl64 
38.6SS 
43.4IW 

urn 

l«il4 

41.821 

42.fl»4 

156,277 

176.996 

1897 

18SIK. 
18HS. 

It3..<00 

18S,00O 
i4i,aM 

2(i7,&l0 
347.940 
362,826 

606,839 
680.13S 

1901. 

Dutj 

frw,           808,786 

It  will  be  seen  that  both  the  exports  and  imports  have  been  ii 
ing  rapidly  in  amount.  The  ezporlt  are  principally  from  British 
Columbia,  over  63,000  tons  having  been  exported  from  that  prorinoe 
during  the  past  year.     The  increase  in  imports  amounted  to  over  €4 
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per  cent.     A  large  portion  of  the  imported  coke  is  used  in  the  iroa  Coal. 
furnaces  at  H&milton  a&d  Midland,  Onb  Coke. 

In  No\&  Scotia  the  total  quantity  of  coke  made,  was  242,996 
tons,  of  which  222,694  tons  were  used  or  sold  during  the  year,  the 
balance  remaining  as  stock  on  hand.  Over  200,000  tons  of  this  pro- 
duct was  consumed  at  the  iron  blast  furnaces  at  Sydney  and  New 
Glasgow, 

The  production  of  ooke  in  British  Columbia  is  given  in  the  provin- 
cial report  as  follows : 


Saies  ajid  Output  for  the  Yew. 


Sold  for  couBuinptioD  in  Caiutda. . . 

..      export  to  United  SUter. . . 


loUJaalM  ... 
Slock  on  hiuid,  first  of  y 


3,SHi 

2,SU4 


DiB,  taken  from  Btook  rluring  the  year.  I 
Output  for  year 


Peat. — During    the    past    few    years  many  companies  have  been  Peat, 
organized  to  manufacture  peat-fuel  from  peat  boga  in  the  provinces  of 
Ontario  and  Quebec.     Some  of  these  have  met  with  indifferent  suc- 
cess, while  others  are  still  in  the  experimental  stage  or  developing 
their  properties. 

Sales  of  peat  during  the  past  two  years  have  been  reported  as 
follo'^ : —   . 

Tons.         Value. 
Year  1900 400         81,200 
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COPPEK. 


Copper  production  in  Caoadk  bu  increasnl  from  less  than  19  million 
poanda  in  1900,  tour«r37  million  pounds  in  1901.  InlSSo  the  produc- 
tion kmounted  to  but  little  over  three  and  a  half  million  ponnda  and 
was  all  derived  from  mines  in  the  provincea  of  Ontario  and  Quebec. 
In  1891  it  had  advanced  to  nearly  nine  million  pounds. 

Buginning  with  1S94,  British  Columbia  began  to  become  a  factor  in 
the  yearly  output,  although  for  two  or  three  years  following,  the  pro- 
duct from  this  province  was  aoaiewbat  ofTset  by  decreaaes  in  the  output 
from  Quebec.  From  1896  each  year,  with  the  exception  of  1899 
HhoiVed  a  anbstantial  increase,  until  in  1900  a  product  of  18,937,138 
pounds  was  reached,  which,  as  already  mentioned,  was  almost  doubled 
in  1901. 

Although  still  far  behind  the  two  chief  copper  producing  oonntriea, 
the  United  States  and  Spain,  this  year's  output  plaoea  Canada  pretty 
much  on  a  par  with  tbe  most  important  of  the  other  countries  pro- 
ducing this  metal. 

The  production  in  1901  reached  a  total  of  37,829,019  pounds,  valued 
at  16,096,681  or  an  average  of  16-117  cents  per  pound.  The  fall  in 
the  price  of  copper  did  not  ooour  until  the  latter  partof  December  and 
affocted  but  slightly  the  average  price  for  the  year. 

The  various  provinces  contributed  to  the  output  in  the  following 
proportions  :  British  Columbia  73  per  cent,  Ontario  23  per  cent  and 
Qubbec  4  per  cent  In  1900  the  proportions  were  British  Columbia 
53  per  cent,  Ontario  3S  per  oent  and  Quebec  12  per  cent. 
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Froduoticu. 


Calendar 
Year. 

LU. 

iDcreue 

Value. 

Increase 
Deoreaae. 

Average 

PriOB 

Lb«. 

• 

% 

1886. 

1807 

1S8B. 

1889, 

1890. 

1891 

1892..   ... 

1893. 

1894. 

18B6. 

1890...   . 

1897 

1888. 

1899: 

.S606,000 
3.2BO,m 
8,He2,8W 
6,809,762 
6,018.671 
8,938,921 
7,087,275 
8,l»,e66 
7,708,789 
7,771,639 
9,398,012 
13,800,802 
17,747,136 
lfi.078,476 
13,937,138 
37,837,019 

244.576 
3.302.440 

t 

386,650 
366,798 
927.107 
938.341 
947,153 
1,149,698 
818.680 
871.809 
786,960 
836,228 
1,021,960 
1,001,660 
2,134,980 
2,655,319 
a.065,922 
8.096,681 

! 

Cta. 
11-00 
U-2fi 

6 
70 

99 
60 

18,762 
660.309 

4'86 

162 

70 

16' 6C 

1.246.B». 

23 

40 

_9^ 
10,812 

0 

99 

W76 

16 '76 

796,061 
3.916.260 

11 

48 

69 
40 

1 

15 

202.446 

21 

37 

12>87 
1166 
10-75 
966 
10-76  ' 

1,841.646 
1.033.381 

20 
14 

62 
40 

a31,018 
53.229 

38 
6 

79 
60 

401,067        4 
,_82-860  1 

81 

134,849 

99.268 

16 
13 

46 
47 

1,621,878 

30 

86 

186.732 

22 

21 

10-88  ' 

3,907.790 

41 

60 

479.700 

46 

94 

11-29 

4.4(6,334 

33 

48 

633.320 

42 

17 

1203 

2,668,661 
3.858,668 

16 
26 

04 
69 

620,339 

24 

37 

17-fil 

1900...,, 

410,603 

16 

46 

1619 
16117 

1901 

18.889,881 

99-76 

3,039.669 

84 

*  Ttie  produotioa  is  altogether  tepr«seiited  by  the  copp  r  omitainecl  in  ore,  n 
fto.,  prodncrd  and  shipped  valued  at  the  averi^e  market  price  for  the  jeai  fa 
copper  in  New  York. 

Notn. — In  the  above  table,  increasee  are  shown  underlined,  and  decreasse  ii 
<Hdinar]r  way. 
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OoppiB.  The  exports  utd  imports  of  copper  u  obtained  from  the  Customs 

Exporu.  ratnraa  kr«  shown  in  Tsblea  2,  3  and  4. 

Table  2. 
Exports  ok  Cornw  in  Obi,  Matts,  ktc. 


CalendM'  Year. 


1S85. 

1H86. 

1887.  

1888. 

1888. 

137,966 

367,260 

168,467 

I8»l 

1892. 

::::::":::■:::::  wio^ 

...     1     277,632 

'  4,792,301 

1,036,389 

8,742,362 

6,462,052 

1897 1  14,022,610 

ItlSB .'  11,672,381 

•~ 11,371,766 

.   .■■  23,631,623 

I  32,488,872 


860.330 
840,243 
1,190,908 

1,741,886 
3,404,908 


Tablk  3. 

COPPIH. 

luFORTH  OK  Piua,  Old,  Sckaf.  i 


Yew. 

Lba.        ;      ValuH. 

Fiscal  Yuar. 

Lbs. 

ViJue. 

• 
31,900              2,130 
9,800                1.167 
20,200                1,984 

124.500            20,278 
40,200              3,180 
28,600                2,018 
82,000                0,969 
40,100                2,607 
32,300  1            2,322 
32,300  1            3,288 

112.200  ;          11,521 

1891 

1892 

107,800 

101,200 

72.062 

86.906 

49;000 

1,000,000 

1,666,000 

1.144,000 

10,462 

16,831 
7,887 
6.770 
9,226 
^*48 
80,000 
246,740 
180;990 

189S 

1897 

IK98 

189B 

1900 

Copper. 
CoMiw 

old  Mid  Bcnp  or  in  blook' 
n  rw  or  inBot. 

TolMl.  190 

Dutyfrae 

37,300 
914,300 

4,739 
147.635 

061,600 

162.274 
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TAilIJE4. 
lUFOKTO  OF  MANdr&OTl-B 

■H. 

Copper. 
Imports. 

Fi8C*l  Ye»r. 

Value. 

> 
133,061 
1W,163 
220,236 
247,141 
134,634 
181,469 

1882 

1^:: 

1886.. 
1886.. 
1887,. 
1888.. 

889.. 
1890.. 
1881.. 

892.. 
1893.. 

sra,36B 

3ra^469 
402,216 
472,668 
668,622 
422,870 

176|404 

261,615 
286,230 
281,687 
786,629 

661,686 

1899.. 

Duty. 

Free. 

iim. 

Copper  in  bults,  bwi  and  rods,  in  ooilii,  or 

unnumufMrtnred 

'^ffii'Ss.fr"  °'  ""^  "'  '^°- 

Copper  tubing  in  lenstha  not  lew  than  6 

feet,  and  not  ooliahad,   bent  or  otherwiae 

manufaoturBd 

Copper  poHbtb,  for  u»e  in  calioo  printing,  im- 
ported bf  calico  printers  for  use  in  their 

Pounds. 

3.102,800 
2.587,400 

208,780 

• 

621,614 
208,477 

48,389 

■     ■ 

Copper  and  manuracCureg  of  ■— 

Nails,  tacks,  rivets  and  bum  or  vrashers. . 

Wire,  plain,  tinned  or  plated 

Wirecloth.*o 

30  p.  c. 

15    .. 

2e  ,. 

30    „ 

556,847' 

6,086 
102,664  ■ 

47,627 

There  are  nnmerous  occurrences  of  copper  ores  in  this  province 
chiefl;  in  the  Eastern  Townahips,  from  which  there  haa  been  a  small 
annoal  prodnotion  for  many  years.  At  present  the  output  is  derived 
almost  entirely  from  the  pyrites  deposits  in  the  county  of  Sb«r- 
brooke  tbe  ore  being  mined  primarily  Eor  its  sulphur  contents. 
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The  prodactioQ  in  1901  amoanted  to  1,527,442  lbs,  valued  at  $246,- 
176  aad  wu  leu  than  that  of  the  previous  ycKr  by  692,358  lbs,  or  & 
decrettae  of  31  per  c«nt. 

StatisticB  of  production  Binc«  1886  are  given  below. 


Tabm  ^ 

CofPML 

Qlbb 

Ic:-Piioi.i 

C^ndsr  Y.n 

730,81 1  : 
741, 9?i 

e9e,4t;ii 
a64,(Mj 

4R0.a4N 

aoe,or.7 

a61,90:i  : 
279,424  ■ 

287,494  ' 

Sfie,4iK 

246,17N 


Ontario  ; 

The  nickel-copper  ores  of  the  Sndbury  district,  have  been  the 
BOnroe  of  tbe  greater  part  of  the  copper  production  in  this  province 
for  the  past  ton  or  twelve  yeara.  A  good  deal  of  attention  has  been 
paid  to  thia  diatriot  during  the  pMt  two  jeara  and  the  new  works 
inaugurated,  notably  those  of  the  Mond  Nickel  Company,  are 
beginning  to  result  in  a  considerably  increued  output.  A  consider- 
able amount  of  development  work  is  also  in  progress  on  the  copper 
properties  in  the  vicinity  of  Bruce  Mines,  Rock  lAke  ta. 

The  production  in  Ontario  in  1901  reuhed  a  total  of  8,69&,831  lbs. 
valued  at  $1,401,507,  being  an  increase  in  quantity  over  the  previous 
year  of  1,955,779  lbs.  or  29  per  cent,  and  is  also  the  largest  yearly 
production  recorded. 
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Sutisticn  of  prodnotion  since  1886  are  given  in  Table  6  below. 


Tablk  6. 

COPPKK. 

Ohtakio  ; — Phodcohom, 


Otitario> 


Clendar  Year. 

Pounds. 

Value. 

1886. 

i 

• 
18,160 

36,284 

201.678 
206,233 
4W,120 
2M,e3S 
391,461 
497,864 
492,414 
344,698 
621,023 
1,007,5.19 
l,007,8n 
1,091,216 
1.401,S07 

1892 

1893 

1894 

1895 

1897 

1,466,752 
1,.W3;066 
3.627,217 
2.303,785 
3,841,604 

1900 

British  Colombu.  B 

C 
The  output  of  copper  in  this  province  advanced  from  a  little  leas 
tJian  5,0C0  tons  in  1900  to  nearly  14,000  tooa  in  1901,  the  increaae 
being  177  per  eent.    Statistiee  of  prodaotion  since  1894,  the  output  of 
which  year  was  leas  Chan  200  tons,  are  given  in  Table  7  following. 

Tablk  7. 
British  Columbia— PRODi'cmON. 


CriendsT  Year, 

OT«.,^.tte, 

Increase. 

Value. 

Lbs. 

Lbs. 

% 

324.680 

962,840 
3,818,656 
6,326,180 
7.371,678 
7,722,691 
9,977,080 
27,603,746 

2,866,716 
1,606,634 
1,9*6,498 
4601913 
2.2S4,4«9 
17,626,666 

"ito" 

301 
39 
36 
6 
39 

177 

•  31,039 
102,626 

416,469 
601,213 

874,788 
1,369,948 
1,616,289 
4,448,896 

1897 

1899 

1901 
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Corm,  The  ontpnt  hj  district  for  the  pMt  two  jMra  wu  u  follows  : — 

Britiih 

ColombiA.                                                                                               1900.  1901. 

Lt».  Lba. 

EMl£ootena]f 2,147  3,272 

Wat  Koolenajf— 

Nelson 36,929  1,599,419 

Tndl  Creek 2,071,865  8,333,446 

Grend  Forks,  Kettle  River  uid 

Osoycos 5,672,177  14,511,787 

Ashcroft,  Kunloc^ 39,920 

Coatl  Dittrielt 2,193,962  3,115,872 


9,977,080      27,60;',T46 

A  comparison  of  the  two  yean  shows  kh  incroMe  in  production  in 
each  s«paist0  district.  The  increase  in  the  Nelson  division  sppears 
espectftlly  large,  owing  to  its  smsll  ontput  in  19C0.  The  Hall  Mining 
and  Smelting  Company,  owners  of  the  Silver  iCing  mine,  treated  over 
20,000  tons  of  ore  from  that  property  which  averaged  3-8  per  cent  of 
oopper,  besides  1 6  - 1  ounces  of  silver.  The  same  property  shipped  to 
the  smelter  in  1900  only  about  700  tons  of  ore. 

The  ore  shipped  from  the  Bossland  district  in  1901  contained  over 
four  times  as  much  copper  as  in  the  previons  year,  although  the  total 
quantity  of  ore  shipped  inore«sed  only  30  per  cent  The  oopper  con- 
tent of  these  ores  appears  to  have  been  somewhat  variable.  The 
average  poroentage  of  oopper  in  the  ore  shipped  in  1901  was  1-47  per 
cent,  while  in  1'jOO  it  was  only  -476  per  cent.  In  the  yeara  1899, 
1898  and  1897  it  was  1-6^  per  cent,  2-35  per  cent  and  132  per  cent 
respectively,  while  in  each  of  the  three  preceding  years  tt  w«a  over  2 
per  cent.  There  were  only  six  mines  in  this  district  which  shipped 
over  1,000  tons  during  the  year  1901,  viz. :  LeRoi,  LeBoi  No.  3,  Ross- 
land,  Great  Western  Mines,  Ltd.,  Centre  Star,  War  Eagle,  and  Iron 
Mask. 

Up  to  1999  productive  operations  in  the  Boundary  district  bad  been 
almost  altogether  oonfined  to  the  mining  of  (ree-miUing  gold  ore  at 
Camp  McKinney.  In  1901,  however,  ceveral  copper  properties  in  the 
district  which  had  been  undergoing  extensive  development  during  the 
prvvions  few  years  commenced  shipment,  and  the  total  output  for  that 
year  from  all  the  metal  mines  was  103,42i>  tons  of  ore,  with  a  copper 
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content  of  6,672,177  pounds.  lo  1601  the  output  increased  to  Coppbb. 
396,210  tons  of  ore,  containing  14,511,787  pounds  (^  copper,  or  over  ^(i"li 
SO  per  cent  of  the  total  copper  output  o£  the  province.  "  For  yeais 
it  has  bean  recognized  ae  a  fact  that  this  district  contained  tremen- 
dously large  bodiee  of  ore,  but  it  has  also  been  admitted  that  the 
valnes  of  such  oree  approached  so  near  that  line  which  divides  profit 
from  loss  that  it  haa  been  a  very  eerioos  queetioa  aa  to  just  which  side 
of  the  line  thej  would  finally  be  placed.  The  question  was  one  entirely 
dependent  upon  the  eoonomies  which  could  be  brought  about  in 
mining  and  smelting,  and  in  the  handling  of  a  large  output.  It 
is  authoritatively  stated  that  certain  of  the  larger  properties  have 
reduced  the  cost  of  mining  to  about  $1  per  ton,  and  the  cost  of 
matting  the  ore  to  from  $1.36  to  $1.60  per  ton.  On  such  figures 
as  these  there  is  a  fair  margin  of  profit  on  most  of  the  ores  of 
the  district,  and  it  is  a  matter  of  much  importance  to  this  section 
that  such  results  have  been  obtained,  as  it  renders  of  value  many 
deposits  at  present  unworbed.  At  the  same  time  it  must  be  recog 
nized  that  such  lov  working  costs  are  only  possible  after  the  evpendi 
ture  of  immense  amounts  of  capital  and  by  treating  a  large  tonnaga 

As  in  the  Kossland  district,  the  output  has  been  derived  from  a  faw 
mines;  in  fact  three  properties,  the  Old  Ironside  and  Knob  HiL 
group,  the  Mother  Lode  and  the  B.  C.  contributed  over  90  per  cent 
of  the  total  output  of  ore. 

The  increase  in  the  productiou  of  copper  in  the  Coast  district 
amounted  to  over  42  per  cent.  "  In  addition  to  the  Van  Anda  Smelter 
on  Texada  island  in  the  Nanaimo  mining  division,  which  has  been  in 
operation  for  some  years  and  has  been  fully  described  in  previous 
reports,  two  new  smelters  are  in  course  of  erection  on  TanoQuver 
Island,  both  in  the  Yictoria  mining  division,  viz.  :  The  Tyee  Copper 
Company's  smelter  at  I^ysmith  and  the  Northwestern  Smelting  and 
Refining  Co.'s  smelter  at  Crofton. 

"  CrofUm  SmelUr. — The  Northwestern  Smelting  and  Befioing  Co.'s 
smelter  is  being  constructed  at  Osborne  bay,  on  the  east  coast  of  Van- 
couver island,  and  here  the  townsite  of  Crofton  has  been  laid  out. 
The  smelter  will  treat  the  ore  from  the  Lenora  and  other  properties, 
and  a  line  of  narrow  gauge  railway  is  being  built  from  the  mine  re- 
ferred to,  to  Osborne  bay. 

The  ore  bins  have  a  capacity  of  1,600  tons,  and  a  trestle  railway 
has  been  laid  over  l^e  top  of  these  for  convenience  in  unloading  the 

'Report  of  ch«  Minuter  of  Mine*,  Britiih  ColnmbU,  1901  p.  935. 
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ora  oara.  From  the  bino,  tb«  ore  goM  to  the  ornaher  uul  Mmpling 
baQdiDg,  and  n  thcnoe  dtschhrged  into  tiM  famaoe  ora  bios,  frtnn 
vUch  it  is  taken  to  ^e  faraBoe  aa  Imnd  vwqi.  The  plant  ctnuiits 
briefly  ol :  'Riree  200  h.  p.  boilers ;  one  600  h.  p.  On^iBS  enfine ;  one 
450  ton  wRtor-jnoketod  faraaoe ;  obb  66  ton  wkter-jaoketod  funutce ; 
one  Benemer  eoBTerter.  The  main  floe  will  be  200  feet  long  and  12 
feet  wide,  oommnnicating  with  a  large  ezpatudon  chamber  where  t^e 
dnat  Mttlea,  and  from  whioh  the  ga*ea  will  enter  the  hritk  smoke 
stack,  12  feet  in  diameter  and  126  feet  high. 

"  The  initial  capacity  of  the  smelter  will  be  400  to  900  tons  per  day, 
bfit  the  plant  is  being  bnilt  with  a  view  to  allow  of  the  treatment  of 
1,250  tons  per  day.  A  wharf  has  been  bnilt  extending  750  feet  into 
the  bay. 

"  TifM  Smdtm: — The  l^ee  Copper  Company's  smelter  is  in  course  of 
omstmotion  at  Lkdysmith  on  Oyster  harbour,  and  is  designed  to  treat 
the  ora  from  the  Tyee  mine  and  other  properties. 

"  The  smelter  fs  0xp«ot«d  to  be  in  oper»tioa  by  September  I,  1902. 
The  plant  will  consist  briefly,  of  a  ISO  toa  water-jaokebed  famace,  a 
complete  sampling  plant,  the  bins  having  a  storage  capacity  of  1,600 
tons,  an  80  horse-power  Ct^'liss  engine,  and  an  80  horse-power  tnbular 
boiler.  The  smelter  died  is  60  by  60  feet,  and  the  engine-room  50  by 
70  feet,  with  ample  space  for  further  extension. 

"  The  ora  from  the  sampler  goes  direct  to  the  roast  piles,  and  after 
bomin^  to  Hm  bins  at  the  rear  of  the  smelter.  The  slag  will  be 
shotted  with  water  and  flnmed  into  the  lagoon.  Grading  has  been 
done  for  consideraUe  eztenaion.  The  converter  plant  will  not  be  in- 
stalled at  present^  bat  fo«adati(MU  will  be  put  in  SO  that  this  may  be 
d«ie  at  any  tiaoe. " 


Gn4>hibe  was  miaed  in  Canada  in  1901  in  the  provinces  of  Sew 
Bmnswick,  Qaebec  and  Ontario  and  the  total  output  of  cmde  ore 
was  2,210  tons,  valued  at  $38,780.  350  tons  of  this  was  milled 
at  Buobingham,  producing  some  200  tons  of  the  finished  product.  The 
value  of  the  crude  ore  ranged  from  tlS  to  fBO  per  ton. 

*R«pore  of  the  Hiniitcr  of  MinM,  British  Colqmbia.  IBOl  p.  L122: 
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re  (^ven  in  Tftble  1  below.  QBAratn. 

PradQction. 
Tabls  1. 
UBAPBtTC 

Anhdal  Proddctioh. 


CklendAT  Year. 

Tom. 

Value. 

1S86 

500 
300 
160 
242 
176 
260 
187 
nJL 
S 
220 
139 
436 

Jaoo 

1,5«) 

223 
6,160 
9,406 
16,240 
1^688 
24,179 
31,040 

1888 

1888 

1898 

18BS 

18S6 

897 

1899 

i,is6 

BOl 

The  exports  luid  imports  of  graphite  are  shown  in  Tables  2  and  3. 


Table  2. 
Grafhitb. 

EXPOBTO. 


CaleDdarYear. 

Value. 

Oaleudar  Year. 

Value. 

•  3,686 
8,017 

iloso 

638 

laai 

•       223 
4,8S3 
fl;480 

3^490 
46,197 
86,102 

1888 

189G 
1891 

1900 

1893 

/Crude 

23,880 

«30,536 

4,667 

«35,102 
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Quratn. 

TabuI 

Impsrtt. 

GBAraitB. 

Ivrosn  0 

pRaw 

*KD  Makufactcud  Grafhiti 

Fiscal  Yeak. 

Pliimbaso. 

plumb-go. 

Bl«ck-l«d.  j    (^u^ 

«2.738 
1,203 
2,181 
2:141 
2.152 

21.789 
26,605 

26,201 
23,085 

2,479            28,M4 
1,028    :        2C,132 
3,147            21,161 
2,891            2i002 
3,729    1        24.487 
.      6,622    1        23,211 

3,802    1          7,824 

1890 

1891 

7,217 
2,088 

2,177 
2,586 
2,865 
1,40« 
1,863 
4.87!l 
4,437 

10.276 
8.292 
13,660 

IS9i 

17,614    .        ]fl,686 

17.868 
19,638 
21,334 
22,078 

20.674 
^663 
36,490 
38;t40 

1898 

ISM 

Crucibles,  cUy  or  plumtift- 

Du.,. 

25    „ 

82,367 

126,646 

•11,016 

38,874 

«2,357 

«26,64e 

»49,S90 

la  Mew  Brunswick,  the  M&rble  Core  Mine,  near  Fftirrille  St&tiDn, 
the  product  of  which  is  uoed  in  the  icAnufactare  of  paint,  wm  oon- 
tinaed  in  opention  b;  the  Canada  Faint  Co.,  of  Montreal. 

ComparatiTelf  litbl«  work  waa  done  in  graphite  mining  in  Quebec 
during  the  year.  The  Calnoiet  Graphite  Co.  did  some  work  on  Iota 
16A  in  range  II,  and  16B  in  raoge  III,  of  the  township  of  Greaville 
and  shipped  the  ore  to  Jeree;  City.  At  Buckingham  the  North 
American  Graphite  Co.,  put  through  their  mill  a  quantity  of  ore  from 
the  Black  Donald  mine  in  Ont«rio,  as  well  as  some  local  ore. 
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The  Ontario  QraLphite  Company  conlinae  to  operate  the  Blaok  Otvarmn. 
DoD&ld  mioe  in  Bronghom  township,  Renfrew  oaaaty,  Ontario,  with 
increoBod  outpnt.  This  company  has  hitherto  shipped  the  ore  in  its 
crude  form  to  United  States  buyers,  but  a  mill  is  sow  in  oourae  of 
erection  and  the  year  1902  will  probably  witness  the  manufacture  of 
graphite  goods  at  this  mine. 


Probably  the  moet  important  item  to  record  in  the  working  of  the 
gypeum  deposits  in  Canada  in  1901,  is  the  commenoement  of  active 
operations  in  Manitoba,  at  Oypsnmville,  at  the  head  of  Portage  bay, 
Lake  Manitoba.  The  development  of  these  properties  was  referred  to 
in  the  report  of  this  Section  for  1 900,  and  during  the  post  year  several 
hundred  tons  have  been  mined  and  milled.  This  ia  doubtleas  bnt  the 
beginning  of  an  industry  that  will  rapidly  grow,  as  the  population  of 
the  province  inoreasee  and  the  value  of  the  product  becomes  known. 
The  total  product  of  gypsum  in  Canada  in  1901,  including  all  grades  of 
product  was  293,799  tons,  valued  at  $340,148,  being  an  increase 
over  the  output  of  the  previous  year  of  41,698  tons,  or  166  per  cent  in 
quantity,  and  $81,139  or  31 '3  per  cent  in  value.  The  greater  part  of 
the  prodnct  is  crude  gypsum  and  is  chiefly  derived  from  the  old  work- 
ings in  Hants  county,  Nova  Scotia  and  Hilbborough,  New  Brunswick. 

Statistics  ot  production,  exports  and  imports  ore  given  in  the 
following  tables : — 


Production  1897. 

T<^8. 

Value. 

Value 

238,416 
1,9S6 
9,319 

187.918 
4,7W 
61,880 

«    ft 
0.82 
2.13 

PlwUrotPwiB  and  terra  alb* 

239,881 

»M,631 

1-03 
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Pcodnodoti  i898> 

Tom. 

VJue. 

TklM 

per  too. 

S08,0«l 
1.688 
9,612 

« 
174.446 
4,674 
B3,49B 

0.64 

.67 

Cdcmed  UKl  Und  pluur 

ToUl 

MII.2B6 

2S2,6IS 

1.06 

Tom. 

VkluG. 

Value 
per  ton. 

•     fc 
085 
S.13 
6-61 

Crudegypnim 

Ckleinerl  ud  Und  plubir 

23S.819 

717 

1(^080 

» 
198,831 

s,2ie 

66.363 

ToUl 

M4,ew 

»7,SI9 

1.06 

Production  1900. 

Ton.. 

Value. 

Value 
pcrtoD. 

240,970 
1,62S 
9,606 

t 

300,338 
4,806 
63,880 

tc 
OSS 
8  15 
660 

PluMr  ot  Puis  uid  terra  klb> 

262,101 

259.009 

102 

Tont 

ValuTL 

Value 
per  ton. 

38(^286 
3,139 
10,374 

286,877 
14,674 
88,897 

t    0. 

064 
464 

fi-65 

Calcined  and  land  plaeter 

PUeter  of  Parii  Mid  terra  alba 

293,789 

340,148 

lie 
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Tabu  1. 

Gtfbcu. 

Amndal  Pbodootion. 


FroduDtion, 


.  Colmdar  Y(«r. 

t™. 

Value, 

par  ton. 

162,000 
1M,008 
176,887 
213,273 
22B,50» 
203,606 
241,048 
192,668 
228,631 
226,178 
207,032 
239,691 
319.256 
244,666 
282,101 

•178,742 
167:277 
179,393 
206,108 
194, 0-W 
206,261 
241,127 
196,160 
202,031 
202,608 
178,  Oil 
244,681 
232.61B 
267,329 
269,009 

»1  10 
102 
1  01 
096 

0  86 
101 
100 

1  02 
0  90 

0  au 

0.86 

1  03 
106 
106 
1  02 

iMs:::::::::::::::; :::;:: 

1890 

1893 

1898 

170,100 
121,0«i 

136,947 

189,709 
6,692 
7,800 

0  90 

1  56 

3  78 
13  00 

■»«■  Sifrr.';'::::::- 

293,799 

340,148 

1  18 

Anndai,  Fboddctlo.v  e 


Calbkdab 
Ykar. 

Not  A  Scotia. 

New  Bbbnbii                    aeio. 

Manitoba. 

Tons. 

Valuo. 

Tods. 

29.102 

441369 
40,866 
39,024 
36,011 
39,709 
36,916 
52,1)62 
66,949 
G?,I37 
82,668 
86,083 
116,792 

IS 

V.                     Value. 

Tons. 

Value. 

1887 

1689.::.: 

1890 

1891 

1892   

1893 

1894 

1896 
1896  .   ., 

1897 

1808 

1899 

1900 

1901 

116,346 
124,818 
16.^0^.^ 
181,288 
161,934 
197,019 
162,754 
168,800 
156,809 
138,690 
156.672 
132,086 
126.764 
138,n2 
170,100 

S 
116,346 

120,429 
142,850 
154,972 
153,955 
170,021 
144,111 
147,644 
138,929 
111,261 
121,754 
106,610 
102,056 
108,828 
136,917 

a                11,716 

«                        10,200 
4;                        13.128 
3C                         8,076 
K                           18.300 
6f                             5,399 
41                           10,193 
a                         6,187 
«                         4,840 
5t                         7.786 
m                         4,661 
121                             4,201 
161                             3,978 
14f                         4,331 
188                         6,692 

6M 

« 

7,800 
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Tablb  3. 

Otpsuk. 
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CftlsD 

Nova  Scotia. 

New 

Oktabio. 

TOTAI. 

Tom. 

VJoa. 

Too.. 

VJuft 

Torn,. 

V,lne. 

To.^ 

Vdue. 

1876 

88.060 

86,193 

S.420 

«  5,420 

91,485 

91,618 

187K 

4,925 

6,eni 

120 

S    180 

92,766 

94,386 

1877 

106.900 

6.030 

6,030 

111,980 

187B 

9S,S23 

71,353 

8,791 

8.791 

579 

720 

18S0 

125,685 

ni.S33 

10,376 

876 

1,240 

136,930 

124,080 

10,310 

16,025 

1,040 

1882 

13S.426 

121,070 

15,597 

21,681 

J,  249 

160,272 

147,597 

107,558 

100,446 

21,800 

32,75! 

l.&i 

13a  141 

1886 

81,887 

77,898 

19,140 

CT,730 

535 

787 

97,062 

106,415 

114,118 

23,498  1    40,550 

538 

1887 

112.567 

106,910 

19,943  ■   39,ZP5 

226 

337 

132,724 

124,818 

120,429 

070 

910 

125,508 

121,389 

1888 

146,304 

142,850 

31,495      50,862 

4W 

692 

1890 

138,707 

»,03l      .=)a,201 

20B 

256 

176,691 

192,264 

140,438 

27,536 

41.300 

162,372 

167.463 

43,623 

189,860 

119,069 
133,369 

46,538 
67,503 

160,412 
189,486 

168,124 
193,244 

1896 

120,601  1    06,117 

9fl.2ie 

931474 

70,399 

81.433 

108,094 

169,614 

174,907 

1899 

104,790 

99,9(i4 

96,831 

12 

201.626 

mi 

236,247 

231.694 

*t^xport«d  from  Britiih  Columbia. 


Tabm  4. 
GxpoBTS  or  Qroi'nd  Gipfwu. 


Cl™d«Ymc. 

Nova  Scotia. 

New 
BnuiBwicli. 

Ontario. 

Total 

« 

9 

• 

688 

22;i82 
20,064 

$763 
^448 
8.123 
19,834 
15,837 

1892 

2,124 

1.270 
1,659 

1,548 
206 

17,930 

18,827 

42 
761 
84 

1898 

20 
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Qmxm. 
Ihfobts  of  QTPtuM,  Era 


ImportB, 


Orude  Gypium. 

Ground  Gypamn. 

PluM-otPMil. 

m«»jyeM. 

TODB. 

Valua. 

PouDds. 

Value. 

PonndB. 

V»lua 

iseo 

1,8B4 

■3,203 

1.606,678 

•  5,948 

667,876 

•  2,376 

1S81 

1,731 

3,442 

1.844,714 

4,676 

674,006 

2,804 

1882 

2.132 

3,761 

769.460 

2.676 

761,147 

Zm 

1B83 

1.884 

3,001 

1.017.906 

2,079 

1,448,660 

7,867 

1884 

8,416 

687.482 

1,986 

782,930 

6,226 

1S86 

""um 

3,354 

461,400 

1,177 

689.621 

Xm 

1888  

1.870 

2,429 

224,119 

676 

830,378 

^46s 

1887 

1.B67 

2.492 

13,266 

73 

694,146 

4,842 

1888 

1.2SB 

2.193 

106,068 

668 

942,338 

6,662 

1889 

1.360 

2,472 

74,390 

372 

1,173,996 

8,613 

1890 

1,060 

1,928 

434,400 

2,136 

683,436 

6,004 

1891 

376 

640 

30,600 

216 

1,036,600 

8,412 

1892 

626 

1,183 

310,260 

2,149 

1,168,200 

6,696 

1893 

496 

1,014 

140,830 

442 

662,130 

3,143 

1894...     . 

1,660 

28.270 

198 

422.700 

2,386 

1885 

'"".'m 

960 

30,700 

88 

209,200 

1,619 

1886 

1,046 

848 

64,600 

196 

297,000 

2,000 

1897 

772 

4^000 

123 

969,900 

4,489 

18B8 

1.147' 

1.743 

36,700 

283 

329.600 

2;026 

1809 

32C 

692 

33.900 

338 

496,300 

3,120 

1900 

77 

956 

6,800 

69 

849,100 

6,492 

1001 

286 

1,126 

•66,400 

1,097 

602,200 

3,978 

•Eqiii  Talent  to  218  bairelf . 

Crude  gypaum,  duty  Free.    Ground  gypaum,  duty  10%.    Plaster  of  Paria,  duty 

12Jc  per  100  Iba. 


Iron  Ore. — The  produotioa  of  iron  ore  in  Coiutda  in  1901  wm  313,-  p,^uotion  of 
646  tons,  as  cximpsred  with  122,000  tons  produced  the  previoos  year,  iron  ore. 
The  inorease  was  therefore  191,646  tons  or  1B7  pet  cent.  This  lai^e 
inoreMe  is  due  almost  entirely  to  the  extensive  operations  at  the 
Helen  mine,  Miohipiooten,  Ontario,  as  the  output  of  the  other  iron 
producing  distriote  remained  much  the  same  as  during  the  past  year 
or  twa 

In  the  province  of  Nora  Sootia,  statistics  of  whose  production  are 
given  in  Tablea  1  and  2  following,  the  output  during  the  past  five 
years  has  been  considerably  lees  than  during  the  previous  10  or  10 
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Irok.  yean.    With  the  opening  up  uid  development  of  Uie  eztensiTe  and 

Prodiiction  of  easily  worked  depoaite  on   Bell  ialMtd,   NewfoandlAtid,  it  has  been 
iTOD  ore.  found  mora  eooDomical  to  use  these  orea  in  the  Novm  Sootia  tummcea 

irith  a  raaatt  of  a  temporary  decline  in  the  local  prodnctioa  of  ore. 

In  Qaebeo,  bog  iron  oraa  have  been  need  in  the  fnmacei  at  Dnun- 
mandville  and  Radnor,  aa  in  the  past,  in  the  manufacture  of  obarooal, 
pig-iron,  and  the  production  baa  not  varied  much  from  16,000  to 
20,000  tons  per  annum  in  the  last  16  years. 

l^e  production  of  iron  ore  in  Ontario  has  increased  from  a  little 
over  25,000  tons  in  1899  to  over  272,000  tons  in  1901.  This  b  due,  as 
before  mentioned,  to  the  opening  up  and  development  of  large  bodies 
of  hematite  ore  at  Michipicoten,  I^ke  Superior.  Previous  to  1899, 
production  in  this  province  iras  practically  confined  to  the  districts 
traversed  by  the  Kingston  and  Peonbroke  Railway  and  the  Central 
Ontario  Railway.  The  development  of  the  Helen  mine,  however,  by 
the  Lake  Superior  Power  Oompaoy,  haa  raeulted  in  a  rapidly  increas- 
ing output  whkh  ii  shifted  to  several  furnaces  within  the  province, 
as  well  aa  exported  U>  the  United  States. 

There  is  a  small  yearly  production  of  iron  ore  in  British  Columbia, 
used  chiefly  for  fluxing  purpoaea  in  the  smelting  of  the  other  metal- 
liferous ores  of  the  province : — 


Tablb  1. 
laoK. 

PBODVtmoH  OF  Oss  BT  PsoviMon. 


NovkScotuL 

Quebec. 

Ontaiio. 

Bhtiih 
Columbia. 

Tods. 

Ton*. 

Tom. 

To-. 

Torn 

44.388 
13,53S 
42,011 
54.161 
49,306 
B3,G49 
78.368 
102.201 
89,8W 
83,792 
68,810 
23,400 
19,079 
28.000 
18,940 
18,tllB 

16,032 
16,006 

16,894 

3,W1 
3,796 

64,381 

78.687 
84,181 

76,611 

103,948 

126,603 
109,991 

'& 

60,706 
68,313 
74,817 
122,000 
813,646 

18,401 

10,710 
U6S3 
22,305 
14,380 
22,690 
22,076 
1^492 
17,783 
17,630 
22.436 
17,873 
19,420 
19,000 
lfi;489 

18B0 

mi 

1882 

990 
l|l20 

2,071 

iliio 

7,0M) 

18,270 

2,  no 

21,111 
2S,126 

82,9W 

arsCssa 

1896 

1897  

1898 

1'JIW 
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Table  C 
mON  ORE 

^wtuclton  of  Canadian  Ort  Tona 

Oonaya^Xieita^CanadianOrtinCapttiiailJiiraatmt    7b<cll 
CenmntfUaA  ^fbreifn.  On  in.  CanaJimfurntiau,     7>»a 
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Tabls  2. 

NoTA  Scotia  i—Ahndal  Prohootion  c 
(Previous  to  1886). 


Calendkr  Yeai. 

Tom. 

1376 

1877 

1878 

137B 

16,274 

36,600 
w:886 
Bl,193 
39,843 
42:i3B 
e2,410 
H88e 
48,129. 

1882 

1888 

1881 

Tablb  a 
Exports  of  Irok  Orb. 


Calendar  Ymt. 

Toiiii. 

V»lne. 

2,419 

,'.m 

1,911 
811 
278 
9,638 
13,511 
762,283 

1,S71 

183 
4,146 

»5S 

1897 

1900 

inoi 

ExpoRix  OF  Iron  Orb. 


Iron. 
Nona 


FiK*l  Year. 

Tom. 

V«Iue. 

Fi>«a  ye«. 

Tons. 

Value. 

3,662 
30,621 
44,677 
43,835 
44,914 
25,306 
64.3Cr 

7,542 
23,345 
13,544 
24,763 
13,811 

S 

7,530 
76.474 
114,850 
136,463 
138,776 
tlC.649 
132,074 
23,039 
71.934 
39,945 
60,281» 
31,376 

1891 

14,648 
7.707 
7.81 1> 

im 

2.315 
14 

1,320 
260 
1,849 
4,327 
58,401 

« 

32.582 

36,936 

26,114 

9.028 

6,743 

35 

2.492 

402 

4.968 

7,689 

150.657 

1893 

1894 

1896 

1897 

1887 

18X9 
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Pig  Iron  and  Sted. — The  snooeesfnl  opentioQ  of  the  recently  con-  Iron. 
strnctod  iron   famocee  in   Sydney,   N.8.,  tuid   Midland   Ontario,  is  p;g  jtoi 
evideuoed  by  the  largely  increased  prodnetion  of  pig  iron  in  1901.  ^'•^ 
From  an  outpat  in  1900  of  96,675  tons  valued  at  $1,601,698,  the  pro- 
duction of  pig  irun  has  advanced  in  1901  to  a  total  of  274,376  tons 
valued,  at  |3,612,923.     The  quantity  of  ore  entering;  into  this  year's 
product  was  166,613  tons  mined  in  Canada  and  361,010  tons  imported 
from  Newfonndland,  the  United  States  and  Cuba,  or  a  total  of  617,623 
tons.    Of  the  total  product  of  pig  iron  18,048  tons  or  about  6'6  per 
cent  was  charcoal  iron  and  the  balance,  286,328  tons,  made  vith  coke 
as  fuel. 

Owing  to  its  relatively'  higher  price,  the  charcoal  iron  oonBtituted 
8-6  per  cent  of  the  total  value.  In  1 900  the  oharooal  iron  constituted 
18  per  cent  by  weight  and  21  per  cent  by  value  of  the  whole. 

Before  1696,  the  ores  used  in  Canadian  furnaces  were  derived 
entirely  from  Canadian  mines.  Beginning  with  that  year,  however, 
imported  ores,  chiefly  from  the  United  States  and  Newfoundland, 
b^an  to  be  used,  the  imported  ore  in  1901  amounting  to  nearly  70 
per  cent  of  the  total  used. 

In  the  tabulated  statement  showing  ^e  mineral  production  of 
Canada,  the  production  of  pig  iron  from  Canadian  ore  only,  is  giv^n. 
This  baa  been  arrived  at  by  separating  the  total  production  at  each 
furnace  into  two  classes,  vie  :  pig  iron  from  Canadian  ore,  and  pig 
iron  from  imported  ore,  the  Beparatioilft>eing  made  on  the  basis  of  the 
Canadian  and  imported  ore  entoring  into  the  production  of  pig  iron 
at  each  respective  furnace.  The  production  for  the  past  six  years, 
separated  in  this  way,  has  been  as  follows  : 


CUendu'Tear. 

fromCuu^ 
diuiora. 

PiKiwn 
trom  import- 
ed ore. 

1898 

Tod*. 
40,720 
26,300 

30,ies 

S4,M4 
WI.S87 
88,100 

Toiu. 
2S.S48 
81,80? 
46,463 
68.689 
61,188 

191,276 

1886 
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Ibok.  There  were  nine  fnrtiMW  in  blut  for  varying  periods  during  the 

Piginmud    year  owned  bj  six  oompanies.     The  Dominion  Iron  and  Steel  Com- 
SteeL  pany  had   three  furnaces  in  operation  at  Sydney,  the  Canada  Iron 

Furnaoe  Company,  two  fumacea,  one  at  Radnor  Forgea  and  one  at 
Hid  land,  and  the  Nova  Scotia  Steel  and  Coal  Company,  John 
McDoagall  Jk  Co.,  The  Deseronto  Iron  Co.,  and  the  Hamilton  Steel 
and  Iron  Co.,  one  furnace  eacL  The  total  daily  capacity  of  the 
fnrnaoeB  in  operation  waa  over  1,600  ton& 

Three  companies  hod  steel  plants  in  operation  during  the  year  ;  tJie 
flova  Scotia  Steel  and  Goal  Co.,  Kew  Olaagow,  N.S.,  the  Canada 
Switch  and  Spring  Oo,  Uontreal,  operating  a  Bessemer  converter  of 
two  tons  capacity  but  having  complel«d  before  the  close  of  the  year 
the  installation  of  a  IS  ton  open  hearth  furnace,  and  the  Hamilton 
Steel  and  Iron  Company.  41,948  tons  of  eteel  in}!Ots,  castings,  &c, 
were  made.  The  steel  plants  of  the  Dominion  Iron  and  Steel  Com- 
pany,  at  Sydney,  and  The  Lake  Superior  Power  Company,  at  Saulb 
St.  Marie,  were  not  yet  completed  at  the  close  of  the  year,  bub  have 
since  been  placed  in  operation. 

BoimCiM.         Bounties — 

Bounties  on  iron  and  steel  made  in  Canada  were  provided  for  by  the 
Dominion  Qcvbrnment  in  1897  (chapter  6  of  60-61  Victoria,  Statutes 
ol  Canada)  as  follows  :— 

On  steel  ingots  maaufootuMd  from  ingredients 
of  which  not  less  thaiAo  per  cent  of  the 
weight  thereof  consists  of  pig  iron  made  in 

Canada  $3.00  per  ton 

On  puddled  iron  bars  manufactured  from  pig 

iron  made  in  Canada 3.00       " 

On  pig  iron  manufactured  from  ore — 

On  the  proportion  produced  from  Canadian  ore     3.00       " 
On  the  proportion  produced  from  foreign  ore.     2.00       " 

The  Aot  further  provided  that  the  above  mentioned  bounties 
should  cease  on  April  23,  1902.  In  1899,  an  Act  was  pa'wed,  extend- 
ing the  time  for  payment  of  bounties  to  June  30,  1907,  and  changing 
the  rat>  •  in  a  manner  providing  for  a  gradual  extinguishment  of  the 
bounties.  Under  the  new  regulations  the  bounties  will  be  as  follows, 
the  classes  of  product  being  the  same  ss  those  adopted  in  the  Act  of 
1897  ;— 
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Fwiod. 

On  steel  ingot^ 

puddled  iSn 

bu^Bndpigirun 

from  Cans- 

diuiore. 

eigmore. 

Per  ton. 

«      8,00 
2.70 
2-2B 
1.66 

1.06 

o.eo 

Per  ton. 

t      2.00 
1.80 
l.BO 
1.10 
0,70 
0.40 

1906  to  June  30,  1907 

It  U  ftlao  provided  that  no  bounty  shall  be  paid  on  steel  ingots 
mftde  from  puddled  iron  bars  manufactured  in  Canada. 

The  paymeate  by  the  Dominion  Qoverament  on  account  of  iron  and 
steel  bounties  during  the  fiscal  year  ending  June  30,  1901,  were  as 
follows,  the  figures  having  been  compiled  from  the  Auditor  General's 
Report  for  1901. 

BoiTKTiBi  ON  Pia  Iron. 


Company. 

On  Pig  Iron 
from  Canadian  Ore. 

OnPiKlron 
from  Imported  Ore. 

Ttotal 
Bonnties. 

Tons. 

Bounties. 

Tons. 

Bonntifs. 

Radnor  Forges,  (lue....1 
Midland,  Ont / 

DeeeroDloItonCo 

Don..  Iron  and  9M«1  Co.  , . , 

Hamilton  Steel  and  Iron  Co, 
John  UcDouoaU  ft  Co 

6,463-946 

18,948-100 
54-000 

Ml-OOO 

16,033-160 

793-150 

9,897-235 

9     c 

16,39183 

66,844  30 
162  00 

1,173  00 
46,099  48 

2,379  46 
29,691  88 

111-665 

1,162-626 
13,653  TOO 
27,613 -696 

22313 

2,326  06 
27,306  00 
55,287  39 

»       0. 

176,784  31 
27,468  00 
65,287  39 
1,173  00 
132,455  62 
2,379  46 
6B,ni2M 

38,678-070 

77,356  14 

18,609706 

37,019  41 

6O,6e0-6B0 

161,741  95 

99,768-560 

199,617  12 

361,26907 

BonuTTO 

N  PuDDMD  Iron  Bars. 

Company. 

Tons. 

Bounty. 

6,667  696 

•      c. 

16,7(8  09 
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BouNTT  ON  Sfttn.  iHoora. 


Compwy. 

ToQfc 

BounQf. 

9,486  966 
29,916  606 

•      c 
28.810  9« 
n.746  78 

33,362  680 

100,057  74 

Table  6  following,  itliiBtrat«s  the  extent  of  the  foreign  trade  of  the 
oonatry  in  regard  to  iron  and  steel  prodncM  and  machinery,  Ac,  made 
therefrom.  While  the  figores  show  a  coneiderable  falling  off  during 
the  year  in  the  export  of  hardware,  castings  N.K8.  and  scrap  iron  and 
ateel,  tbej  show  on  the  other  hand  a  very  large  increase  in  the  exports 
of  pig  iron. 

Tabh  B. 
EiFOBTs  or  Iboh  AMD  9mi.  QooDB.    Tbb  Pboddot  or  Canada. 


CAlendu^  y«w  1901. 

QuAntity. 

VaIuo. 

3u>v«L No 

Haidwrnra,  N.E.S 

^4 
837 

7.438 

.!S 

96.ZI3 
416,796 

67.140 
1IM,438 
693.73B 

C»«in«,N.E.S 

Sotad  Iron  And  Steel Cwt 

Pigtron Tons 

67,600 

1,837.179 

The  Canadian  consnmption  of  iron  and  steel  products  is  illustrated 
in  the  following  UbIesNoe.  7,  6,  9,  10a,  10b,  and  11.  The  firet  thr«e 
of  these  deal  with  the  cruder  forms  of  the  metal,  the  next  two  with  the 
manufactured  articles  wholly  or  largely  oompoied  of  iron  and  steel, 
wDil-l  the  last  table  BummariseB  all  the  proceeding  ones.  They  all 
cover  the  fiscal  year  ending,  June  30,  1901. 

A  general  nummary  of  the  tables  shows  a  total  import  of  iron  and 
steel  goodit  of  over  400,000  tons,  and  this  leaves  out  of  consiHeration  a 
number  of  items  the  value  of  which  only,  and  not  the  quantity  is 
given. 
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Tabu  7. 

iMtOKn  OF  Ibon,  Pia,  Sobap,  fto. 


Final 
Ymr. 

PiglKm. 

Pig  Iron. 

Old  and 
Scrap  Iron. 

.SsSja 

Too*. 

Vklin. 

Tom. 

VJm. 

Toiu. 

VJne. 

Tom. 

Value. 

1880 
1881 
1882 
1883 
1884 
1886 
1886 
1887 

1888 
1889 
1890 
1891 
1882 

iei>3 

189* 
189n 
1896 
1897 
1S98 
1899 
1900 
1901 

S! » 

M  594 
76,296 
49  291 
42,279 
4^463 

871,956 

7l^e97 

811,221 
1,086,766 

646,426 
628,483 
6H388 

« 

93S 
684 

'« 

10,161 
17,613 

S 

14.042 
8.807 
201406 
7,778 
44,223 
46,276 
168,100 
M0;i67 

• 

6,837 

IS 

1.119 
3,186 
8:919 

2U,79l 

68,991 

27,333 
60,086 
77,420 

(b)     79 

28,293 
2S794 

& 

45.469 
30,860 
23,390 

13,607 

7,908 

|e)4R.e03 

(eB8,352 

e)S8,7B3 

1,086 

297,496 
836,090 
678,674 
662.S42 

674,809 
369,682 
244.388 
167,996 
98,541 
534,677 
301,268 
633,605 
242,189 

Pier  Iron.  4c  (c) 

Tom. 

Value. 

48,973 

72,116 
87.618 
81,317 
68,918 

« 
648.012 
864.762 

Pig  Iron. 

Pig  Iron. 

CMit  Scrap 
Iron. 

Toiu. 

VJue. 

Ton*. 

Value. 

Tom. 

Value. 

66,849 

42,376 

(d)  31,637 

d)  aim 

d)  26,766 
(d)  37.186 
(d)  44.261 

(d)  4B,767 
(d)  36,293 

« 
682,209 

483.787 
341,259 
394,691 
291,788 
382, lOS 
452,911 
811,490 
M8,«S3 

6,944 

2,906 

917 
2,936 

2,260 
(f)  1.956 
If)  1,816 
(f)     490 

« 
84.368 
34.968 
31.171 
li;736 
36,378 
23:633 
19,123 
38,736 

7,121 

643 

98 
238 

1,669 
(02,378 
(f)13,747 
(t)  4,499 

9,317 
771 
4,847 

741 
1,362 
13,261 

22,594 
160,681 
B1.032 

(a)  GotnpriMs  pig-iron  of  all  kindv 

(b)  From  May  13  only. 

(o)  These  figure*  appear  in  Cuatonu  repocU  nndei  heading  '  Iron  in  pigs.  Iron 
kentledge  and  cast  icrai^-iron.' 

(d)  Inolndea  iron  kentledge.    Duty  92.60  per  ton. 

(e)  Scrap  iron  and  scrap  ateel,  old,  and  fit  only  to  be  remannfactured,  being  part 
of,  or  recovered  from,  any  veaael  wreaked  in  water*  lubject  to  the  juriidiction  of 
Canada.    Duty  free. 

Ir<m  or  steel  acnp,  wrought,  being  waste  or  refuse,  inaluding  punchings,  cuttings 
and  clippings  of  iron  or  steel  plates  or  sheets,  having  been  in  actual  use,  crop  ends  of 
tin  plat«  bars,  blooms  and  twls,  the  same  not  having  been  in  actual  nse.  Dnty  $1 
pet  loa. 

(f)  Duty  t2.60  per  ton. 


ib.  Google 
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QBOLOaiOAL  8UBTKT   OT  CANADA 

Tabu  8. 
iMToam  or  FuBo-iUMajumsB,  ho. 


ITboUToM. 

Tuna. 

v-^ 

133 
1,883 

IS 

029 
284 
164 
603 
426 
1,418 
1,100 
1,149 
1,613 

•AS 

73,108 

islsse 

40,711 
2S:9» 
10,868 
^880 

6^40e 
12,811 

6;2S8 
22,616 
22,689 
89,064 
38,954 

1889 

•1893 

■1896 

■1897    

tw» 

tl900 

+1801 <Duty.  ft  P.O.) 

*The«e  amounts  inolnde :— ferro-maDgBneae,   fetTO-nliaaa,  spieg^l,  i 
•li,  >Dd  OTop  cmdi  of  steal  nili,  for  tbe  nuumf BOture  of  iron  or  *t«el. 
tFerro^iiioon,  spiegeleiloD  mnd  feiTO-liiuigKD«M. 


Ihporis  :  Iboh 


Tabu  9. 
Ibon. 
K  Slabs,  Bioohs,  Loops  a 


>  PuDULKP  Babb,  Jeo. 


FucklYeu. 

C*t. 

Valae. 

Fiscal  Ymr. 

Cwt. 

Vtiat. 

196,672 
111666 
203.688 

2e:f,3]0 
312,329 
273.316 
622.653 
110,279 
80,383 
15,041 

1244,601 

111,374 
223,060 
289,818 
264.046 
287.734 
■      248,461 
421,598 
93,877 
87;i81 
46,923 

41,667 
64,397 
6e;269 
60,891 
78;639 
128,636 
66.660 
162,891 
134,311 
2M,146 
234,920 

88,931 

D6,1A6 
68.533 
46,018 
67,331 
110,767 
48,904 
132,426 
103,198 

206,976 

1881 

IMB 

1884 

lfl«5 

18S6 

1887  

1899 

1889 

1901* 

loops  or  other  forms. 


■teal  ingots,  cogged  ingots,  bkwms,  slabs,  billets,  puddled  bara,  and 
N.O.P.,  le«  finiahed  than  inm  orsteel  ban,  but  mora  adranoed 

except  castinffa.     Duty  92  per  ton. 


ib.Googlc 


Tabu  10a. 
Ikpobts  or  Ikok  and  Stol  Goods. 


Imports. 


Fwoal  Year,  1901. 

Duty. 

Qoantity. 

Value. 

B.r  iron  or  steel  roUed,  whether  in  coils. 

• 

or&^aquares ud flats  and  railed  shapes, 

N.oi- .^Cwt. 

•7  per  ton. 

267,293 

448,419 

Cwtings,  iron  or  steel,  in  the™igh,N.E.S.      8 
Cuuda  plates,  Ruiuia  iron,  flat  galTaoiied 

26% 

164,866 

iron  or  steel  sheets,  terne  plates  and  rolled 

sheets  of  iron  or  steel  coated  with  rino. 

spelter  or  other  metal,  of  all  widths  at 
thicknaBBs,  N.O.P. Owt. 

5  ,. 

318,613 

758,389 

Iran  or  rteel  bridges  or  puts  thereof,  iran 

or  sections  drilled,  punched,  or  in  any 

further  stage  of    manufacture   than  as 

roUed  or  ™t,  H.E.S 

36  .. 

143,010 

878,976 

Malleable  inm  casunga  and  iran  or  steel 

castings,  N.E.S ., 

2S  „ 

3,180 

14,443 

Mould  boards,  or  shares  or  plough  pUtes 

land  sides  and  other  plates  tor  agiioul- 

tnral  implements,  cut  to  shape  from  railed 
plates  of  steel  but  not  moulded,  punched. 

9  ,. 

30,883 

116,969 

Iron  or  steel  railway  b*rs  or  rails  of  any 

form,  punched   or  not  punched,  N.E.8., 
(or  railways,  which  term  (or  the  purposes 
at  this  item  shaU  include  all  kinds  of  rail- 

ways, street  railifa]^  and  tramways,  even 
although  the  same  are  used  for  priTOte 
purpoees  only,  and  even  although  they 
are  not  used  or  inlmded  to  be  used  in  con- 

30  ,, 

4,M7 

142,690 

18  per  ton. 

4,618 

166,960 

Rolled   iran  or  steel  angles,   teea,  beams. 

channtils,   joislji,   girders,    lees,   stars  or 

rolled  shapes,  or  traugh,  bridge,  biiildinif, 

or  structural  rolled  sections,  or  sbapea  not 

punched,  drilled  or  further  manu(actured 

not  punched  or  drilled Cwt. 

Rolled  iron  or  steel  hoop,  band,  scroU  or 

10 

298,100 

460,648 

strip,  8  inches  or  less  in  width,  No.  18 

gaoge  and  thicker,  N.E.S .. 

Rolled  iron  or  steel  hoop,  band,  scroll  or 

r  per  ton. 

29,eiS 

63,278 

strip,  thinner  than  No.  18  gauge,  N.E.3.      ,. 
Rolled  iron  or  steel  angles,  teea,  beams, 

B% 

3S,B66 

77,876 

channels,  girders  and  other  rolled  shapes 

or  sections,  weighing  less  than  35  lbs.  per 

lineal    yard,    not    punched,    drilled    or 

*7  per  ton. 

129,361 

200,343 

Rolled  iron  or  steel  plates  or  sheets,  sheared 

or  unsheared,  and  skelp  iron  or  steel. 

«7      .. 

73,109 

122,883 

3.104,639 

ib.GoogIc 


OKOLOOIOAL  8UBVKT  Or  OARADA 

Tablb  lOo— OnWHwcd. 
Ihpobts  or  Iboh  and  Stbl  Goods. 
PiKkl  Ymt,  1901. 


Brougfat  forwud 

Boiled  iron  or  Btoel  plktm,  not  1cm  than 

30  ioobea  in  width  md  not  Isaa  than  ) 

inch  in  thiekneH,  N.O.P Cwt   I 

Rolled  iron  or  eteel  sheeta  No.  17  BXUte  and 

.  aer.N.O.P ,7? 

Rolkof  ciilled  ironorrtoal 

Skelp  iroD   or  ateel,   sheared    or  rolled  in 

grooiM,   imported   by   manuhultiiran  of 

wrought  iron  or  iteel  pipe  for  ate  only  in 

the  manoCacture  of  wrought  iron  or  ste«l 

pipe  in  thsir  own  factories i 

Swediih  rolled  iron  and  Swediah  rolled  steel 

nail  rods  unHer  half  an  inch  in  diameter 

for  the  manufaotnre  of  hone-shoe  nails . . 

Switobea,  froga,  crooings  and  intersections 

for  railways , 

Steel— chrome  steel. . . 

Steel  plate,  uuivenal  mill  or  rolled   edge 

bridge  plates  imported  by  manufaotnieia 

of  bridgea 

Steel  in  bars,  bands,  hoops,  soroU  or  strips, 

sheets  or  plates,  of   any  size,  thickness 

or  width  when  of  gramtft  value  than  S4o. 

perlb-.N.O.P .,  Bh  125,803 

Hoop  iron  not  exceeding  {)  of  an  inch  in 

width  and  being  No.  2S gauge  and  thinner, 

usedforthemanuractureoftuhularriTeta    ..  Free.  44,^3 

lion  or  steel  beams,  sheets,  plate*,  angles, 

Icnees  and  cable  cbaini  for  wooden,  iron, 

Bt«el,  (H' composite  ships  or  veaaels -i  »  103,112 

Locomotive  and  oar  wh^  tires  of  steel,  in 

the  rough *. ..  28,173 

Steel  for  saws  and  straw  cutter*  cut  toshape, 

It  further  manufactured 

Crucible  sheet  sCeel,  11  to  16  gauge.  2i  tc 

la  tnohcs  wide,  iiopdrted  by  mannfac- 
s  of  mower 


aufac 


e  of  such  koiv«  in 


factories  . 

Steel  of  No.  SO  gauge  and  thinner,  but  not 
thinner  than  No.  30  gaugp,  for  the  manu- 
facture of  corset  iteels,  dock  spriugi  and 
shoe  shanks  imported  by  the  manufac- 
turers of  such  articles  for  the  exclusive 
use  in  the  manufacture  thermf  in  their 
own  factories. 

Steel  valued  at  2)  cents  per  Ih.  and  upward, 
'mporfjd  by  the  manufacturers  of  skataa, 


tor 


thereof  in  their  o' 


Carried  forward. . 


ib.Google 


nruu,.] 


sxarion  or  hikbs 
Table  Wa—Ooneluded. 

iMfOBTB  or  loan  AMD  Steel  OooDfl. 


I«OH. 


Fi»c»l  Ymt,  1901. 

Duty. 

Quantity. 

Vatne. 

« 
6,188,806 

4,781 

1,433 

4,764 
1.640 

13S,S1G 

1,264 

316,664 

SteeL  under  )-mch  in  dumeter,  or  under  i 
inoh  »qu»re,  imported  by  the  manufac- 
tmers  of  cutlery,  or  of  knoba,  or  of  lockB, 

BDch  .rticlee  in  their  own  factories Cwt. 

Steel,  No.  12  gsuge  uid  thinner,  but  not 
thinner  than  No.  30  gauge,  tor  the  manu- 
facture of  buckle  claspe,  bod  faats,  forni- 
tnre  CMters  and  ice  creepen,   imported 
by  the  manufacturara  of  mioh  aitiole^  for 

b  their  own  factories. .. 

Steel  of  No.  24  and  17  e^age.  in  sheets 
aiiCy-threeiDchea  long,  and  from  16  inches 
.     toffiincheawide  imported  by  the  manu- 
facturers of  tubularbowsocketsforuae  in 

own  factories 

importMl  by  the  manufacturers  of  bioyole 
chain  for  use  in  the  manufacture  theraof 
in  their  own  factories. .. 

auger    bits,    baiumerB,    aiea,    hatchete, 
scythes,  reapinK  hooks,  hoes,  hand  cikes, 

cuftuial  or  harvesting  folks  imported  b» 

articles  for  use  exclusively  in  the  manu- 
facture thereof  in  tbeir  own  factories 

Steel  springs  for  the  manufacture  of  luifn- 

for  osfi  exclusively  m  the  manufacture 

thereof  in  their  own  factories 

Barbed  fencing  wire  of  iron  and  steel 

Free. 

2.337 

6»7 

2,764 
374 

62,&81 

476 
142, 53B 

5,633.168 

ibyGoogle 


OKOLOaiOAL   SUBTST   OF  CANADA 

Tabu  10  b. 
Ihpobtb  op  Iboh  and  &mL  Gooub. 


FiaoJ  Year,  190L 


..LKS.,  Tii: 

„ .ohnmitB. 1 

Cultivkton 

OrillB.  ffnun  Heed . . . , ..,..., 

Kftrm,  nad  or  Geld  rollen 

FofIu,  pronged 

HarTesUn,   aelf   binding   uid   without 

Btyledden".'.'.'.' .'.'.'.'.'.'.'..'.'.'.'.'.'.'.'.'.'.'.. 

Hoe» ... 

Hon*  rakes 

Knivoo,  hay  or  itraw 

Kmves.  edging 

L»WD  mowers 

Mvitin?  Bpreaden . .    .......    , 

Mouing  macbinea 

Plough* 

Foat  note  diggers 

Potato  diggers 

Rakee.  N.E.S 


Duty.      Quantity.      Vahie. 


ScythiM  and  snatJis,  licklca  or  reaping 

Spades  and  shovels  and  spade  anil  shovel 
blanks,  and  iron  or  steel  cut  to  shape 

forthe  sune . 

Wewieni 1 

All  other  a^cultural  implements,  N.E.S. 

AnvilHand  vi>«e. . . 

Carl  or  wagon  skeini  or  boieB I 

Springs,  axles,  axle  bare,  N.  E.  S.,  and 
aile  blankn  and  parts  thereof  of  iron 
or  steel,  for   railway   or   tramway   or 

other  vehiolea C 

Butte  and  hing™,  N.E.S 

Cast  iron  pil»  of  every  deocrip 

Chain^     coil    chains,   chain     linki 


Cwl.  I S8  per  ton 


D  ahackli*  of  11 


ir  steel  CIS  of 


Chain,  malleable  sprocket  or  link  belt- 
ing, for  binders 

Chains,  N.  K.a 

Tacks,  "hoe 1 

Cut  tacks,  brad  sprigs,  or  shoe  nails, 
double  pointed,  and  other  tacka  of 
iron  and  st.-el,  N.O.P 

En([inrii,  locomutivM  for  nulways,  N.E.8.   I 

Fire  extinguishing  machines 

Steam  engines  and  boilers 

Fittings,  iron  fS'  steel,  for  iron  and  steel 
P"iw I 


Carried  forward. . 


61,360  ' 


60,321 

1I6,S88 

07 
S 

18,143 
68C 

3,978.318 


.   (3,302,142 


ib.Googlc 


SKOTiOfr   DF   UIMKB 

Table  10b— Continued. 

Imfobtb  of  Iboh  and  Stxkl  Goods. 


FiBcal  Year,  1901. 

imty. 

Quantity. 

Valne. 

Brought  focw»rd 

S 

3,902,142 

Forgingi   of   iron  or   gteel,   of   irhat«Ter 

■hape  or  tixe,  or  in  whitever  etase  of 
manuf.Gture,  N.E.8.,  and  ^toel  sbsft- 

tinKi  turned,  compreeBed  or  poliBhed, 
Mid  hammered  iron  or  steel  bam  or 

shapee.  K.O.P Lba. 

30% 

2,097,G9e 

72,107 

Hardwan..  va : 

Builders',  oabinet-mtkere',  upboUtme™', 

horrelxwla,  N.fi,S $ 

30  ,. 

642,149 

'Eott^^,  male  and  ox.  Hhom                                  n 

30  .. 

11,700 
127,423 

LockB  of  all  klnda .■.":,':.:'     .. 

30  .. 

FanningmilU No. 

2S  .. 

102 

2,1M 

26  <. 

42 

482 

vf^^dmi]]e...^'^'^^'^v^'^'^v'^'^'^'.  ., 

25  u 

462 

20,683 

Ore  cruBhers  and  rock  cniBhers,  stamp  millg, 

(umUh  and  belted  rolls,  rook  drillH,  air 

compreBsors,   oraneB,   derrioks  and    per- 

cusBion  eoal  outters $ 

3C  u 

82,613 

FodderorftedeutlerB No. 

26  >. 

24 

^3se 

Horse  powert u 

Portabkenginei. -, 

ai  ., 

26 

2.142 

26  ., 

76 

67,417 

Portable  saw  mills  and  planing  milla. 

26   „ 

2 

1,087 

ThreBherB  and  Beparatora . 

26  .. 

167 

41,664 

AJl  other  portable  machines ., 

Parts  of  above  articles t 

26  .. 

1,0»9 

27.123 

2B  ., 

24.031 

Sewing  machinaa  and  parts  of No. 

30  ., 

"  10,392" 

203,076 

26     n 

208 

9,116 

26  ,. 

1,749 

102,584 

All  other  machmeiy  composed  wholly  or  in 

part  of  iron  or  steel,  N.O.  P f 

29  .> 

3,569,043 

nails....   Lbs. 

16  „ 

16,314 

2,521 

Nails  and   npikee,  wrought  and   prt-ased. 

trunk,    clout,   coopers,   cigar   box,    Hun- 

garian homeshoeaodothernails,  N.E.S.      •, 

30  ,. 

280,321 

11,832 

Nails  and  spikes,  cut.  and  railway  spikes. ,      u 

le.  perlb. 

2,018,e09 

17.061 

NaxK  wire  of  all  kinds,  N.O.P ., 

ic.       ,. 

6271170 

22.078 

Pumpa.N.E.S t 

26  % 

179,141 

Safes,  doors  for  safes  and  Taults. ,. 

Screws,   iron  and  steel,   oommonly  called 

30  ;r 

12,014 

"woodec™*s,"N.K.S Lbs. 

3B  ,. 

133,866 

17,318 

30  .T 

96.658 

Skates  of  all  kinds  and  parts  thereof Pairs 

36  .. 

81,666' 

14,491 

Stovesof  allkiuds  and  parts  thereof,  N.E.S.     $ 

25  ., 

128,747 

Stove  plates,  and  sad  or  smoothing,  hatters' 
and  tailors'  irons,  platad  wboDy   or   in 

partornot... ., 

Carried  forward 

26  ., 

10,050 

■^,746,430 

ib.Google 


OKOLOOKUL  SOBTBC  OT  OASADA 

Tabu  ICb—OmUimied. 
IvroKfl  or  IkOH  amd  Brsl  Goooa. 


Fiml  Yeu,  IMl. 


Brooght  fonrard. . 


Boiler  tubt*  of  wrought  iitm  or  itsel,  in- 
oluding  flues  uid  oamiKMtii]  tubM  for 
muine  boilen Lta. 

Tube*  of  rolled  itael,  wamleH,  not  joined 
more  ttum  1}  mohea 


Tnbei,  wualeH  atMl,  (artncydea 

Tubing,  wrought  iron  or  iteel,  plAin  or 
gslvMiiied,  threaded  Bud  ootipled  or 
not,  over  two  inobee  in  dianietw,  N. 

Tubing,  wroe^t  inm  of  iteel,  plkin  or 
gmlvaniied,  tlireeded  uid  coupled  or 
not.  2  inche*  or  Im  ir    '' '"    " 


Other  iron  or  itaal  tab»  or  pipea,  N.O.P, 

Ware,  galvaniied  ilieet  iron  or  oi  galva- 
mned  ihnt  ateel,  mannfacturea  of,  M.O.P. 

Wan,  aitate,  granite  or  mauujlled  iron  or 
M«el  hollow  ware. 

Ware,  HDAtoallKl  iron  <»  Meel  ware,  N. 
KEL,  iron  or  steal  bollow  ware,  plain 
black,  tinned  or  ooaled,  and  nickel  and 
aluminium  lutchen  or  houaehold  hollow 
w.rr,N.E.8 

Wire  cloth    or    wo»b    wipo  and  netting  ot 


Wire  ecreeni,  doiHi  and  windowa. 

Wire  fencing,  wovni,  buckthorn  atrip  and 
wire  [eoeing  of  iron  or  ateel,  N.E.S. . . . .  L 

Wire,  nngle  or  aeveral,  oOTerad  witii  cot- 
ton, linen,  ailk,  rubber  or  other  mate- 
rial, ia.N.K.  8 

Wire  <rf  all  kind».N.O.P 

Wire  rop^  rtranded  or  twiated  wire^  cJothei 
linea,  picture  or  other  twiated  wire  and 


Pm-knivea,  jaak-knivea  and  pocket  knivea 
ofall  kindB t 

Table  euUery,  all  kinds,  N.O.P 

AD  other  cutlery,  N.E.S 

Gupi,  riflea,    including  air  gum  and  air 
rifle*,  (aot  being  CoyiM  luuueU.  cannona, 
pijitolB,  nvolven,'  or  other  fireums  ....      h 
Bayonets,  aworda,  fencingfoilaaod  maaka     ■■ 
Needlei  of  any  material  or  kind,  N.O.P..     •• 

Carried  forward  


Duty.      Quantity.      ValntL 


I  CD.  lb. 

3S  % 


•t,991,Me 

231,*» 

283,473 

3,l)e9 
^848 

6,BB1,6BB 

327,701 

*K 

36;«l 

4e3,2M 

3%0S2 
li;«6 

1,88!I,M1 

87.648 

3,753,378 

SHBOe 

ib.Google 


Tabli  lOb—OoiMiMed. 
Ihtobtb  of  Ibon  and  Stol  Goom. 


FiMNd  Year,  1001. 


TooU  and  implametita : 
Adieu,    olsftTsn,    hatoheta,    wedgei, 
■ledgea,  banmien,  crow  ran,  oaot  dogs 
■nd  track  tool*,  inok*,  tnanooki  tad 

eyes  or  pcd««  for  tine  ume . 

A.™ Doi 

Sawa " 

Filea  and  rups,  N.E.3 

TooIa,luuidoTin»chiiic^cif>UkiDd»,N.O.P 

Knife  bltdtm,  or  bUnlu,  Mii  fork*  of  iron 

or  iteel,  in  tbe  rou(^h  not  handled,  filed, 

ground  or  otherwise  mannfactored. . 

Haou&ctured  articlea  or  wares  not  sped- 
sU7  enumerated  or  provided  for,  oom- 
posed  wholly  (« in  p*rt  of  iron  or  steelfBnd 
whether  partly  or  wholly  mannfaotured. 

Anchors Owt. 

Iron  or  steel,  rolled  mnnd  wire  rods,  in 
the  ooi]  not  over  g-inch  in  diameter, 
importMl  by  wire  manuf  aoturers  for  use 
in  making  wire  in  the  ooil  in  their 
faotinies 

Iron  or  steel  masts,  or  parts  of 

RcJled  iron  tubes  not  welded,  or  joined, 
under  1|  inch  in  diuoeter,  angle  iron 
8  and  10  gauge,  not  over  1^  inch  wide, 
iron  tubing  lacquered  or  brass  corered, 
not  over  If  innfa  diameter,  all  of  whion 
are  to  be  out  to  lengths  tor  the  nuuiu- 
faeture  of  bedsteads,  and  to  be  oaed  for 
no  other  purpoee,  and  brass  Crimmingi 
for  bedsteads  imported  for  the  manu- 
facture of  iron  or  trass  bedsteads 

Steel  bowls  for  oream  separators  and  nream 

Bteel  rails  weiring  not  le«  than  40  lbs. 
per  lineal  yard  for  use  only  in  the  tradu 
of  railways  which  are  employed  in  the 
COQuaOQ  oanring  of  goods  and  passen- 
gers, and  are  operated  by  steam  motive 
power  only Cwt. 

Steel  strip  and  flat  steel  wire  imported  by 
jnanufaoturen  c^  buoktbom  and  plain 
atrip  fencing,  for  nee  in  their  own  tao- 
toriea  in  the  manufaotnre  thereof 

Bteel  wire,  Bessemer  eoft  drawn  spring  of 
Noa.  10,  12  and  18  gauge  reepectively, 
and  homo  steel  spring  wire  of  No*.  II 
and  12  gauge,  respectively,  Imported  hr 
mannfactiirets  of  wire  mattreaaBs,  to  he 
need  in  their  own  faotoriea  in  the  manu- 
facture of  such  articles. 

Oatried  forward 


21,013 
29,690 
90,061 
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OEOLOOICAL  BUHVBI   OV  CANADA 

Tabu  iOb—Oontluded. 
tuioam  or  Ibon  and  3tibl  Oooes. 


Fuel  Yew.  1901. 

Duty,      (iiuntity. 

Vahie. 

17.398,381 

18,822 

72,190 

30,261 
82:063 

336.633 

FUt  «M«1  mrire  oE  No.  16  gauge  or  tbintwr 
imported   by   the  mmaufBctureni  uf   cri- 
Donue,  corarC  wir»  and  drpaa  sUyg,  for 

in  their  own  factorii* Cwt 

FUt  ■tiring    iit«e1.  itiM-l  billpti    and  itwl 
axlehani.  imported  by  manufacturer*  of 
carritge  <|irtnK>  aod  cairiage  axles  Ear 
uae   eiduBivrly    in    thB  manufacture  of 

cl»4   other  than  railway  or  tramw^.   in 

3pirml  spring  M«el  (or  spiral  epringn  for 
i»ilw»T«,  iinport«l  by  tho  mannractii- 
rer*  of  railway  epringii  (or  u»e  encluii- 
vely  in  the  manufacture  of  railway  spiral 
■pnngB  in  their  own  (aatoriea 

Win.,  crucible  ca«t  Bleel Lb«. 

Ualvaniied  iroE  or  steel  wire  N(».  9.  12 
andlSgauge Cwt 

Free. 

■■ 

2.006 

35,106 

10,836 
1.02^416 

121,858 

17.923. 3aO 

"      1 

Tablb  11. 

r  Pio  Iboh,  Ibok  and  Stibl  Goods,  ftc,  Fiscal  Ybab.  1900-1901. 
Recapitulation  of  TablM,  7.  S,  S.  10a  and  lOt. 


— 

Tone. 

Value. 

Pig  iron  and  iron  kentledge. 

36,ai3 
490 

4,499 
24.773 

1,612 
11,746 

$548,«33 

71121 

61.032 

242.189 

38.954 

306,975 

6,633.168 

17,923,330 

«4,66^7«' 

Scrap  iron,  oast 

'MAchinery,  kc,  olaeud  under  iron  and  ateel  good*  in  Costoiiii  report. 
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LEAD. 


With  the  exception  of  &  ver;  tantil  output  from  the  eutera  pro-  Pmduotion. 
vincea,  the  lead  production  in  Cuiada  is  etill  derived  entirely  from  the 
province  of  British  Columbia. 

The  total  production  in  1901  amounted  to  neariy  26,000  tona  and 
although  thie  is  a  decrease  as  compared  with  the  year  1900  of  over  17 
per  cent,  it  is  still  33  per  oent  greater  than  the  highest  output  of  any 
year  previous  to  1900. 

Taslx  1. 
Annual  PRonnonoN. 


Calendar  Year. 

Founds. 

¥3' 

Value. 

iBsr 

304.800 
074,600 

iSB.no 

105,000 

4-50 
442 
393 
4-48 
4-3S 
409 
3-73 
3.29 

3-98 
3. 68 
3'78 
4-47 
4-37 
43M 

•    9,216 
29;812 

6,488 

4^704 

3,8B7 

33.064 

79,636 

187,636 

631,716 

721.159 

l,396,8fiS 

1,306,399 

977,250 

2,760,621 

^249:387 

1894 

1898 

1899 

1900 

In  order  to  enoourage  the  eetablishment  of  plants  for  the  refining 
of  lead  ores  within  Canada,  the  Dominion  at  its  last  session  provided 
for,  the  payment  of  &  bounty  on  lead  rofined  in  Canada  from  materials 
produced  by  Canadian  smelten  from  Canadian  lead  ores  (1  Edward 
YII,  Chap.  8).  In  effect  thn  act  provided  for  the  payment  of  the 
bounty  for  five  years,  beginning  the  first  day  of  July  1902,  the  rates 
to  be  five  dollars  per  ton  for  the  first  year,  and  decreasing  one  dollar 
per  ton  each  year  thereafter.  The  total  sum  payable  for  such  bounties 
is  not  to  exceed  one  hundred  thousand  dollars  in  any  year. 
U— »— 6 
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nie  va)t]«  of  the  ezporta  of  lead  ia  ore,  &a.,  is  shown  in  Tftble  2, 
while  the  imports  Aregiren  in  Tablea  3  and  4  and  of  litharge  in  Tftble 
5.  Imports  of  diy  whita  and  red  lead  are  shown  in  Table  6.  Id  the 
latter  table  siooe  1890  the  imports  of  zino-white  have  been  inclnded 
with  the  lead  oxides. 

The  total  value  of  the  imports  in  1901  including  lead  manDkctured 
and  anmanofaotured,  lead  oxides  and  sine-white  amounted  to  (690,610. 


Tabls  S. 

Leas. 

Eirosn. 


Calendar  Yeu. 

Valuft 

1871 

720 

1877 

im 

230 

1383 

33 
B 
38 

1888 

1887 
1888 
1883 
1890 
1891 
1892 
1893 

7W 

18 

6.m 
Im 

8,099 
144,609 
436,071 
482,096 
925,144 
886,486 
466:960 
1,017,690 
1,604,887 

1896 

18M 

vm 
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LEAD 

PRQDUCTWH 


A.     Ctaiada' 


TotaL Ftaufuis 

VaZua 
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Tabu  S. 
Ihportb  or  Lrad. 


Fta<»lYe«r. 

OLD,36BAr  iSDPtO 

Bam,  Bloom, 
Sbkktb. 

Total. 

Cwt. 

Vriue. 

Cwi. 

VJne. 

Cwt 

ValuH. 

30.398 
34,468 

47.196 
67,371 
49,113 
46:468 
49,738 
76,313 
88:836 
88,396 
130,280 
102.028 
108,674 
106:888 
78,709 
74,000 
81.008 
76,796 

•124,117 
127,663 
166,698 
177,644 
131,871 
111,434 
139,896 
211^,223 
343,746 
966.614 
342,680 
291.253 

169,391 
166,606 
196,331 
187,666 

16.236 

48,780 

36,m 
39.94S 
61,160 
68,878 
74,223 
101,197 
86,383 
97.375 
94.*8B 
70,223 
67:261 
72.433 
66.279 

•  66,919 
120,870 
148.769 
103,413 
87:0S8 
110.947 
173,477 
196,846 
21S.132 

243,033 
264,384 
216.621 
149,440 
139:290 
173,163 
168,881 

18,222 
10,640 

8.m 

9,704 
9;362 
9.793 
14,163 

14.173 
19.08S 
16,646 
11.299 
12:403 
8,486 
6^789 
8,675 
10,616 

•70,744 
36,728 
M^786 
28,468 
24,396 
28,948 
41.746 
46.900 
43,482 
69,484 
48,230 
3%368 
32:286 
20.461 
16,316 
28.169 
29,176 

1882 

1886  

1887     

1880  

1890. 

18B1 

1892. 

1896. 

1896. 

1897 

1398. 

Old,  Sorap,  Pio 

AWD  Block.  • 

BaBS  and  S»tK8.t 

Total. 

88.420 
114,669 
62.361 

ro  J  83,321 

•260.779 
283.433 

207,819 
97,011 

22,214 

44,796 

l^493 

16,296 

•39,041 
39,833 
53.506 
78,316 

110,684 
169,466 

77:864 
101,616 

•299.830 
823,266 
261,326 
176,327 

1900. 

•  Duty  16  p.  0. 
+  Dn^  26  p.  c 
(a)  lD:ludea  Ctuudion  lead  oi 
it  prioe  of  reGning  odIj. 


a  the^UniCed^tateB  for  refining,  imported 
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OIOLOOIOAL  BUBTir  OF  CAXAD* 
TaIU*. 

iHFOBn  or  Luu  HAntrAcroBM. 


Pi.e»l  Yew. 

Vidua 

PiMJYew. 

y^    j 

1880 

1881 

i8aa 

1888 

1884 
188S 
18M 
1887 
1888 
1889 
1880 

17,382 
2&,t>5a 
81,361 
36,340 
SS,OT« 
16.140 
18.816 

1892 

ABBS  ' 

22.636    1 
33,TSJ 
29,361    1 
38,016 
60,72»    , 
60;73B 
63,179    1 

104,736   j 

1 

1896 

1897 

1898 

1800 

Duty. 
30    .. 

•41.776 
11.789 
2.B3G   ! 

IMli     "    P^"-      ■■-■ 

""M     „    Shot  ud  build 

I    „    HuufKcturw, 

61,169   j 

•107,860 

Tabu  S. 
Impobts  of  Lithaioi. 


FiKAlYew. 

Cvt 

Value. 

|8M> 

1881.    , 

1882 

ie«8 

1864 

1885 

4.000 
1,832 

4;990 
4,938 

7,010 
8,089 
9;463 
7.979 
10,384 
7.686 

ass 

10.710 
12,028 
11,446 
9,630 
9138 
11,132 

•14.834 
22,129 
16,661 
6.173 
18,182 
16,168 
16.003 
21^886 
23^808 

aCoBS 

Si:401 
27,618 
34,343 
24,401 
28,686 
82,963 
32,817 
34:638 
S2,B04 
S2,I>18 
29,176 
61.944 

1887 

1888 

1889 

1891 

1892 

1S98 

18» 

18M 

18B8 

1899 

1900 
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SECTIOK  OF  HtVBB 

Tabu  S. 
ImoBTS  OF  Dbt  Warn  and  Rbd  Lbac  and  Okakoi  MimBAL. 


FUdYeu. 

Poimd*. 

Valoe. 

6,»4,76S 
6,T(Hi077 

6,998,820 
0,361,334 

7,066,466 

198,913 
213,368 
233,720 
2ie,S54 
267,296 

Imfobtm  or  Dbt  White  akd  Rid  Lbad,  Obahoi  Mihibal  and  Zino  Wain 


Fi»ciaYe>r. 

Pounds. 

V«hie. 

10,850,672 
8,560.615 

10,288.766 
10,865.183 
10,968.170 
8,780,062 
11,711,496 
10,310,468 
12,682,808 
14,607,946 
14,679,920 
10^241,901 

• 
381,969 
837,407 
351,686 
364,880 
363.063 
282,353 
367,069 
M7,BS9 
448,669 
BH,S42 
834,492 
461,368 

1894 

1899 

1900 

1901 Dut7,Bp.o. 

ib.Google 
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LuD.  Bbttisb  Columbia — 

Piodootion.         xbe  prodnctioD  of  IsmI  in  Britub  CoIumbU  since  1667  is  shown  in 

BritUh  _         T»ble  7  below. 


Tabli  7. 


CWencUr  Ye«r. 

Pound.. 

Price  per 
Pound. 

Valoe. 

18.S7 

\m 

i8na 

SM,800 
674,000 
166,100 

Na 

10 

s 

77 
» 

S6 
1             SI 

1 
3 

a 
s 

2 
3 
S 

4 
* 

a 
ss 

oo" 

7S 
39 
23 
9B 
08 
78 
47 
37 

«    9,216 
29,813 

6:488 

"'3s|66i 

79,490 

187,636 

631,716 

721.169 

1.390,513 

1,198,017 

9!7,2eO 

1760,081 

2.238.603 

■  1881 

,  1892 

i«a 

,  IWM 

1  1896 

1896 

189B 

The  vftriouB  mioiog  districta  h&ve  oootribatod  to  the  ontpnt  for 
1900  and  1901  m  follows;— 


— 

1900. 

190L 

Eut  Kooten*)— 

Pound!. 

88,494,m 
B1,SM 

3.»66,9a2 

1.486,899 

19,.'M6.743 

1.046 

368,438 

102 

Pound*. 

29,129,138 
776,016 

3,788^412 
2.470,360 
16.028,769 

W«t  Kootewy  - 

Tnul  Creek 

891.844 
2,397 

63,168.621 

61.682,906 

Fort  Steele  sgun  oontribntoo  the  Ui^eat  proportion  of  the  oatput 
with  Ci6  per  cent  of  the  whole,  the  Slooan  occupying  seoond  plkce  with 
29  per  cent. 
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MANGANESE. 


There  is  noting  of  specuJ  intsreet  to  report  regarding  mangoneee  Produciion. 
production  in  1901. 

The  exports  according  to  customs  returns  were  440  tons,  valued  at 
S4,820,  and  in  the  abaenoe  of  oomplete  returns  of  prodnction  tliis 
figure  has  been  taken  as  the  output  for  the  ]rear. 

Statistios  of  production,  exports  and  imports  are  given  in  the  follow- 
ing tables : — 


Tabjm  L 

MAKOAmai. 

Ahkual  FsoDucmoir. 


C«Iend«r  Yeor. 

TODI. 

V>lue. 

Value 
per  ton. 

18St1 

1,789 

•41,499 

•28  20 

1887 

1,24S 

43,058 

36  07 

18S8 

1801 

47,944 

26  S2 

1889 

1,466 

32.787 

22  BO 

1890 

1,328 

32,660 

24  61 

1891 

iiCIS 

1b94 

26  26 

1S9! 

116 

10.200 

89  13 

1693 

213 

14.078 

68  44 

18M 

74 

4,180 

66  49 

1690 

126 

8,464 

67  71 

1890  ■ 

■a 

8,976 

32  19 

1897* 

1,166 

76  46 

1896 

Kl 

1.600 

32  00 

189S 

1,681 

20.004 

12  66 

19O0 

30 

1,800 

SO  00 

mr 

440 

4.820 

10  9i. 

ib.Google 


omlooioal  burvbt  09  canada 
Tabu  3. 

Befob»  or  Makoamim  Ubx. 


Calxhdar 

YtAL 

Nova  Sootu. 

Ntw  BarMawioi. 

Totai. 

T<Hia. 

Taliw. 

TOHA 

V«hM. 

Tom. 

V>lua. 

1,081 
776 

1»4 
S91 

IS 

020 
1,732 
2,190 
1,604 

771 
1,018 

469 
1,607 
1.377 

837 
1.094 
1,377 

"£ 

69 
10 
46 
A 

«20,192 
16,061 
6,314 

Tisie 
13;210 

6,9n 
20,016 

31.707 
23,633 

14,327 

lUoe 

9,035 
291696 
27.484 
20  663 
16,078 
36,326 

8,131 

*S 

1,081 

783 

303 

412 

891 

8% 

1,886 

2,179 

1,704 

894 

1,336 

808 

1,684 

lo)1.818 

1,416 

1,181 

t,4S6 

1,908 

206 

143 

183 

66 

1 

70 
S4 
440 

16,909 
10.8S0 
37,436 
34,797 
40,664 
36,747 

30,089 
34^649 
68.338 

Hsos 

31.8M 

3e|831 
6,694 
8,906 

12,621 
3,130 

3,976 

i;i6s 

336 
2,410 
i;720 
4,830 

1874 

S 

•  ■!? 

733 
8,699 
?f«9 
^420 
8,09n 
18,022 
11,630 

14,240 
6,769 
8,0M 
3^683 

663 
6.180 
12,409 

720 
6,348 
3,976 
i;i66 

336 
3,328 

1878 

21 
106 
106 
IM 

79 
300 
123 
818 
IM 

77 

(a)  411 

678 

87 

177 
23 
84 

123 

108 

f 

67 

18B1 

1882 

1888 

1881 

188S 

IS 

I»» 

1803 

1896 

1897 

18SS 

3 

83 

re  oorreotljr  be  elaaaed  under  the  heading 


MANOAKBai. 

Imfortd;  OitiDi 


FisoJ  Yew. 

TOLM. 

Value. 

Fiwd  Ye«. 

T^M. 

V»lue. 

3,989 
36:778 
44,967 
w:666 
66.014 
62,341 
67,462 
92;  087 
7^ 

1      268 

1.794 
1,768 
3:033 

94,116 
101,863 

64,161 
108,690 

70,663 
130,466 
141.366 
126.716 
272.134 

•3,696 

4,622 
2,781 

1887 

1898 

S89 

3;i82 

Km 

1898 
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MICA. 


The  prodactioD  ot  mica  has  been  calculated  acoordlng  to  the  prao-  Prodnctioa. 
tioe  followed  dariag  the  poat  few  yean,  rii.,  of  Mldiag  to  the  known 
ezporta^ao  eetunate  of  the  value  of  the  home  oonaumptiotL     On  this 
boais  the  prodnctioa  for  1901  was  valued  at  |160,000. 

Statiatics  of  production  and  exports  are  g^ven  in  Tables  1  and  3. 


Tabu  1. 
Annual  PBoouonoN. 


Calendu  Yeu. 

Value. 

Cdendw  Year. 

Value. 

1886 
18S7 
1888 
1889 
1800 
1891 
1802 
1893 

«  29,008 
29.816 

Miao: 

28,718 
68,074 
7I,S10 
101,746 
76.71S 

•46.681 
66,000 

flolooo 

76,000 
118,376 

163,000 
106,000 
160,000 

1896 

1897 

1899 

1900 

Tabu  3. 

ElPOBTS. 


Ckloodar  Year. 

V»Iue. 

QdendsTYmr. 

Vdue. 

1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 

«  3,480 
2S,CG3 
30^697 

23,468 
S7;690 
86,662 
T0:081 
38.971 

IBM 

1896 

1897 

1898 

48.^5 

47,756 
69,101 
110.607 
168.002 
146,750 
152,553 

1900 
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MINERAL  PIGMENTS. 


Undsr  (hu  beadiiig  is  mdndei  the  prodaotion  of  oohr«s  Mid  bttiyta. 

Ochrat. — The  prodnetion  of  ochros  in  1901  fttnounted  to  9,233  tons, 
vftlned  ftt  $16,735.  Th«  ontpat  ia  mined  from  daposita  neftr  Three 
Rivera,  ChunpUiD  oonnlj,  Qaebec,-  »Dd  is  used  chiefly  in  the  maiaa.- 
fftctnra  of  pkintfl.  The  firms  engkged  in  the  prodnation  were,  Tbe 
Canada  Paint  Companj,  Montreal,  the  Champlain  Oxide  Company, 
Three  Rivera,  and  Thomas  H.  Argall,  Three  Rivera. 

Stsktiatica  of  prodnetion,  imports  and  exports  are  given  in  TaUea 
1,  3  and  3. 

Tabue  1. 

MlKCBAL  PlGHXHTB. 

AmnrAL  Pboduction  or  Oohbis. 


CMmAuYm. 

Tom. 

Vtloa 

law 

S 

ISPl 
1893 

i8ea 

18M 
1896 

189fl 
1807 

1898 
lS9e 

leot 
leoi 

300 
4flC 

S97 
794 

300 

s 

71900 
16,290 

6;i2B 
17,750 

e,aoo 

17,710 
8,690 

18.0W 
W^660 
17,«0 

16,736 
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Table  2. 

MOilKAL   FlOHZNlB. 
IKFOBTS  or  OOBBBi. 


Fiscal  Year. 

Pouudi. 

Value. 

1880 

8,202 

ISfiS 

10,376 

1886 

12,782 

17,067 

1888 

17,664 

1890 

22,008 

18,961 

1898 

18,604 

1900 

32.017 

rOchres    ukI   ochrer   eutlu    uid   uw 

Duty. 

•*'^    <>ddSrdiV'fiU^,'ti;4;™lV';unlin. 

806,000 

2S    .. 

1.28e,fiC>8 

19,418 

3.092,0«7 

»27,267 

Tablk  3. 

MlKIKAL  PlOMEMTa. 
EXPOBTB  OF  MiNEBAL  PlQUBHIfi,  IBOH  OXIDBa  &C. 


CilendM  Yew. 

Tons. 

Value. 

612 
283 
308 

661 
401 

f7,706 
4:227 
B,4€8 
71154 
8.283 

1900 

Baryta. — The  baryta  produced  daring  the  past  five  or  six  years  Baryu. 
has  been  obtuned  near   Lake  Aioalie,   InvemeBs  county,  and  frodi 
Brookfield,  Colchester  county,  Nova  Sootia,  while  a  small  quantity  has 
also  been  mined  near  Cantley,  Hall  township,  Quebec. 


ib.  Google 


Barft*. 

ProdactioD. 


qioloqical  sdbtkt  0*  cahada 

Tabu  1 

HntraAi,  Planum. 

ABHOAt  pBooconow  or  Babtta. 


CkkvdwYMr. 

TOBI. 

VJtte. 

188B 

300 

1,100 

IS 

18«8 

1,M2 

7,648 

1892 

816 

i-aw 

ie9t 

1.081 

a,8M 

871 
1,126 

C58 

716 
8,060 

7.605 
8,842 

1B97 

1801 

Tabu  6. 
HnrnuL  PiOMBNUi. 
Impobtb  or  Babtta. 


1 

Fiaol  Year.              1     Cwt. 

ValDd. 

1880 
18H1 
1882 

2,280 

«  1,036 

186 
229 
14 
63 
876 
214 
987 
978 

:' 

1885 

m 

236 
1.832 
1,822 

1888 

ib.Google 


flECrtOIT  OF   MIITBS 

Tabu  6. 

MiHBKAi.  PionNm. 

MisoBLLANBors  Imkibts,  Fiscal  Ybab,  1901. 


Punt,  ground  or  mixed  ia,  or  with  either 
jtpAD,  vftmisb,  Uoquers,  liquiit  drjen, 
oollodion  oil  Gni^  or  oil  vamiah. Lta, 

PmdU  and  ealouni,  ftnd  rough  stuff  and 
Bllen,  uiti-oarnMiTe  and  anti-foulJng 
uiDts  oammoiilj  uaed  for   ihip  hulli. 


all  spirit  TuniBhes  and  laoqun*  . . 


Daty.       Qnuititr.      Value. 


MINERAL  WATER. 


Mineral  eprings  are  knova  to  occur  at  rnanf  places  throughout  Productioii. 
Canada,  and  at  a  number  q{  them  the  water  is  boing  utilized,  either 
pat  up  in  bottles  tot  sale  throughout  the  country,  or  ased  for  drinking 
or  bathing  purposes  at  the  places  where  it  is  found.  At  Beveral  pointa, 
hotels  have  been  erected,  at  which  the  gawts  have  the  privilege  of 
using  the  mineral  water  at  the  place.  In  view  of  this,  it  is  difficult  to 
obtain  statistics  giving  any  intelligent  idea  of  the  extent  or  value  of 
the  industoy. 

Statistioa  ot  production  and  imports  are  given  in  Tables  1  and  2. 

Tabu  L 

Mnn&AL  Watibs. 

Ahhdai,  PBODmnroK. 


Calendar  Year. 

Gallooa. 

V»Iue. 

Oaleudar  Year. 

VahUL 

1888 

124,860 
424,600 

661,166 
427,486 

767,460 

•  11.486 
37,860 
66,081 
54,288 
76.348 
108,347 
110,040 

738,882 
706,372 
749,691 

sbbIooo 

•126,048 
111:786 
141.477 
100,000 
100,000 
79,000 
100.000 

1B97 

1893 

ib.Google 


aiOLOGKUL   BDRVIT  OF  ( 

Tabu  2. 
HlHDtAL  Watsbi. 


Fiical  Yeu. 

Value. 

FuolYeu. 

ValucL 

119,721 

i7:ei8 

27,909 

#41.707 

ts6,7es 

67^963 
49;(H6 

BB,B64 
47,00G 

e%9e9 

M,S91 

1S8I 
188! 

1892 

1893 

r,879 
32,671 
22;i43 
83,314 
^046 
S0,M3 
40,802 

1897        

1888 

1900 

1890 

timi  /Alinenl  WAten,  utu 

irAl,notin  bottle I>ut;  free.. 

t     74& 
70,772 

ToUl... 

•arai 

NATURAL  GAS. 


The  total  Tftlue  of  the  Q&tnml  gu  sold  in  Canada  in  1901  was 
(339,476.  Tbia  output  is  practically  all  derived  from  the  wells  in 
southern  Ontario,  although  at  Medicine  Hat,  N.  W.T.,  a  small  quantity 
is  used  for  the  burning  of  lime. 

Tabli  1. 

NAniBAL  Gab. 

Anndal  pBODconoM. 


Cklendkt  Ymi. 

Vftlne. 

t  100,000 
S76,233 

423,039 
376,301 
826.878 
322.123 
387,271 
417.094 
830,476 

IffiW 

ib.Google 


8ECITI0N   OP  h 


NICKEL. 


NiCUL. 


The  prodaotion  of  nickel  in  Canada  in  X901  from  the  nickel-oopper  Produotiou. 
ores  of  the  Sudbury  district,  Ontario,  amounted  to  9,189,047  pounds, 
or  4,594  tona  as  compared  with  7,080,227  poands  or  3,640  tons  in 
1900,  an  increase  of  1,064  tonn  or  nearly  80  per  cent.  The  price  of 
reliDed  nickel  at  New  York  was  steady  throughout  the  year,  ranging 
from  50c.  to  60c.  per  poand,  according  to  size  and  terms  of  order. 

The  companies  operating  in  the  Sndbnry  district  are 

The  Canadian  Copper  Company, 

The  Mond  Nickel  Company, 

The  Lake  Saperior  Power  Company, 

The  Nickel  Copper  Company  of  Ontario. 

Of  these,  the  first  two  operate  smelting  plants,  producing  nickel- 
copper  matte.  The  operations  of  the  Lake  Superior  Power  Company 
have  so  hr  been  limited  to  development  work  on  their  properties. 


Nicuui. 

AKNUAL  pBODDCTnON. 


Fiiul 

Avenge 

Mnrket 

Price  per  lb. 

in  Matte. 

VJue. 

New  York. 

188) 

'830.477 

60c 

«            86 

1890 

1,436,742 

660. 

32 

16S1 

4.626,627 

60c. 

2,         76 

189a 

2,413,717 

68c 

1,         66 

1893 

3,982,982 

62d. 

2,         Bl 

1894 

1896 

4:907:430 
8,888,626 

* 

i:         B8 
1,          84 

ISOfl 

8.307,113 

36c. 

1,          90 

1897 

3,997,647 

36c 

1.         76 

1866 

5,617.690 

33c. 

I,         3S 

1809 

6,744,000 

sec 

i         10 

1900 

7,080,227 

47e. 

3,         97 

1901 

9,180,047 

60c 

Z         2S 

'CatcuUted  from  ahipntiiti  made  by  nil 


ib.  Google 


NiooL. 
BiporU. 


OlOLOeiCAL  8DBVKT   01  OAKADA 
TaBLI  2. 

EiPOBia.* 


CiileDdu'YtMr. 

Valae. 

18M 

1891 

1892 

•  80,666 
667,380 

629,683 

101,788 
668,213 
T2S,1» 

988,916 
1,031,030 

'TM.oeo 

1895 

1896 

1897 

'PnoticsU;  all  tiwiiiokel-beMinitonaad  matM  [mxliioed  Id  Canada  ia  eipotted, 
the  apparent  diacrepanof  between  Tables  Noa.  I  and  2  being  duo  tothediffenmthaaii 
nf  valoation  adopted  in  the  two  inftanoea.  Table  1  repnaent*  Um  total  final  valon  of 
the  nickel  produced  in  Canada,  ior  the  jean  rapnaented.  In  Table  2  tbe  worth  ol 
tbe  product  ahipped  ii  entered  at  iti  spot  value  to  the  operaton,  and  depend*  upon 
tbe  partkulai  «ta^  to  whioli  tbey  happened  to  carry  the  proocaa  of  extraction  at  tbe 
time,  t-f.,  whether  the  ihipmenla  made  are  raw  ore,  low  grade  matte  or  high  grade 
matte,  &o. 

Tablr  S. 


Calendar  Year. 

Value. 

•IS 

2,90fi 

?987 
4,787 

iMt  /Nickrf  anodea 

^"^  tNickel* 

Duty. 

10  P.O. 

Frea. 

"•IS 

113,089 

'Claarified  undcc  tbe  general  heading  of  minerals  in  tbe  Tivde  and  Navigctiaa 


ib.  Google 


ib.Google 


ib.Google 


sicnoN  or  mtrn 


PETROLEUM. 


During  the  paat  two  yean  a  oonaiderable  qnaatity  of  crude  petro- 
leum has  been  sold  directly  for  gas-making,  fuel,  lubricating  and  other 
porpOHB.  The  qnantity  sold  in  this  way  in  1901  was,  aooording  to 
retnma  received  from  shippers  113,716  barrels,  while  the  sales  to 
refineries  reached  a  total  of  S08,677  barrets.  Thus  the  total  sales  of 
erode  oil  for  the  year  amounted  to  622,392  barrels,  valued  at  $1,008, 
27S  or  an  average  of  $1.62  per  barrel.  These  figures  do  not  of  course 
include  stocks  on  hand  on  December  31,  1901,  but  on  the  other  hand 
they  do  or  should  include  stocks  which  were  held  at  December  31_' 
1900,  and  sold  during  the  year  1901. 

Messrs.  Ohas.  Jenkins,  president  of  the  Petroleum  Crude  Oil  Tank- 
ing Company,  and  Mr.  O.  Simmons,  H.P.,  of  Petrolia,  very  kindly 
placed  ua  in  poasessioo  of  important  information  concerning  the  in- 
creiaing  sale  and  shipment  of  oil  for  gas  and  fuel  purposes,  which  has 
enabled  us  to  arrive  at  a  close  approximatioD  to  the  quantity  used  in 
this  way  as  given  above. 

In  former  years,  when  the  crude  oil  was  practically  all  sent  to  Cana- 
dian refineries,  an  estimate  of  the  production  was  arrived  at  by  taking 
the  quantity  of  refined  oils  inspected  and  deducing  therefrom  the 
<]uaatity  of  crude  oil  used.  A  statement  of  the  production  from  1881 
to  1900,  calculated  on  this  basis,  will  be  found  in  Table  1. 

In  Table  2  statistics  are  shown  of  the  value  of  the  petroleum  pro- 
ducts of  the  refineries. 


4— 8— 7i 


i  by  Google 


OBOLOOICAL  80RVET  OF  CAXADA 


Petroleum. 

IlWIlCCtioTI  til 


CA.VA1)IA.S   OlIA  A 


Fktrolicm. 
)  Naphtha  Inspbctbd  and  Corbihpondiko  QuANrrrm 
Of  Cnum  OiL. 


ir^^^-iL,.     of  Grade  I    lent  m    ■     'iill_i        t. 


12,914,540 

100:50 

368.987 

13,635,071 

100:46 

16.550,328 

lO0;45 

472,866 

100:40 

» 

100:40 

687.663 

11 

100:38 

684,061 

12 

100:38 

69B.20S 

701.690 

J7 

796.0S0 

30 

100:38 

756,298 

J4 

779.753 

31 

100:38 

798.406 

100:38 

829,101 

18 

100:42 

726,138 

?1- 

100:42 

95 

« 

100:42 

M,Btn,i49 

100:64 

710,498 

Table  2. 

P>TBOI.nTM. 

DF  Canadian  Oil  RiriNBRiBa. 


VAl,^ 

1887 
1888 
1889 

•1,288,109 
1,401,459 
1,414,184 
1,638,420 
1:M4:509 
1,782.365 
1.675,784 
1,667,134 
1,806,237 
1,876,913 
1.672,429 
i;826:265 
1,490,870 

1892 
1893 
1K94 
1895 
1896 
1897 
1898 

ittoo 

1901 

ib.Google 


SKOTIOM   or  MIIIBB 

Tabu  3. 
PvrBOUDH. 
T  or  Oil  lNBPB<mr>,  Canadian  and  Impobtcd. 


Fiscal  Year         0»n»dUn. 


6,406,783 
6,910,747 
6,B70,660 
r,«B6.001 
7,661,617 
8.149,472 
8,243,962 
9,540,896 
9,462.834 
10,121,310 
10.270,107 
10,238,426 
l<^6S3,80e 
10.824,270 
10.936,992 
10,fi33,9Bl 
10,00«,&26 
10.796.847 
11.006.804 
13,014,713 
12.674,977 


Galls. 
476.784 
1,361,412 
1,190,828 
1,142,676 
1,278.116 
1.327,616 
1,666,604 
1.821,342 
1,767.813 
2.020,742 
2,022.002 
2,42^,445 
2,641,690 
0,633.222 
^690,994 
6,807.991 
6,248,743 
6.880,734 
7.232,318 
■8.216,207 
•9.232,166 


8,939.732 
9.477,068 
0,909,666 
11,367,237 
11,230,646 
12.141,962 
12,292,109 
12,667,871 
13,326,496 
16,467.492 
16,687,^86 
16,341,942 
16,7B6,3n9 
17,677,681 


21,907,142 


Ouudisn.  Imported. 


•  Item  (o)  T«ble  B. 

Tablb  4. 

Pftrolivh. 

EsrOBTS  or  Cbcde  and  Refined  Pbtboledm. 


Clendar 

Cnid 

eoa 

BefinedOil. 

Total. 

GaUoDS. 

V»Ju«. 

Galloiu. 

Value. 

Gallons. 

Value. 

1881 
1882 
1883 
1884 
1886 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1896 
1896 
1897 
1898 
1899 
1900 
IBOl 

i 

eoi 

1.119 
13.283 

1,098,090 

337,967 

241.n6 

473,669 

196,602 

239,866 

420,492 

447.356 

311.633 

109,916 

69.282 

33,068 

8,090 

342 

12,831 

3.426 

8,699 

14.648 

•  ^ 

710 
30,168 
10,662 
9.866 
13.831 
74,642 
10.777 
18,164 
18,676 
13,046 
4,090 
3,286 
8,067 
1,100  1 

446.770 
310.387 
107,719 

63.986 

» 18,471 

12,946 
3,696 
21773 
1,044 
101 

686 
1,146 

'?S 

342 
12,736 
3,426 

8,559 
375 

•104 
100 
394 
613 

2,023 
999 
49 

3.001 
359 

2.S94 

96 

4 

'■Z' 

40 
14,168 

2 
691 

2.396  1 

767  1 

ib.Google 


SURVEY   or  CANADA 


PrrioLiDii. 


Tabu  S. 

r    PwrHOLKJH    AKIl 


GkOoiu.  '  ValiiB 


GbUoiu.      Value.  . 


OTT.Ml  ;  lSl,Sft9 


3i«,oea,i  iMe6.. 

415,196  18W1 

421,836  IRJC 

467,003   I  1S»' 

408,0M|>  1899 

484,4«S|!  1900  . 
6U,»i 


Oila:  , 

Minpnl—  Dut3 

(a)  CcmJ  Mtd  k)>n>M-ne,  diatiUod,  purifiad  or] 

ntined,  unhcha  ud  pptioleum.  N.E.S.|6a.  p.  g 

(M  Fruducta  of  pctroleau. 'be. 

{'■)  Crudbpetrulpiim,  fuel  and  gMoiUlother 
Uinn naplicha,  beniiDeorgaHulmt^)  wbeni 
impoTtad  by  DuuiutacCuren  (other  than! 
oil  EvflnarB)  for  naa  id  tbeir  own  fac^j 
Uiriw,  for  fusl  purpoan  orfofftbe  manu-l 
factiirp  of  gaa 2J  ~ 

(<f)  llluminatingoilH  eompoaad  wbnllyoriD 
part  of  the  produci*  of  petroltinin,  ooaJ, 
shale  or  li^ile,  miting  more  thian  30 


.  0,649.145' 476,752  ; 
.1  6,002,141'  446.38S>. 
I  6,597,106  439.968  ' 
.  7,677,674,  626,S72  : 
.  8.000.801  73&,913| 
.  8.415,302.  «»7,169| 
9,074,311  724,619  : 
.    10,aM,208  763,803 


centH[*rKallon   , 

(r)  Lubneating-  oila  oo 

part  of  petroleum, 

<xnU  |>er  gallon. . . 


lUTOl        4,213 ' 

1,147,843   ,136,530  I 
ll,oei;ass  9Ba,640  | 


N  Illuhinatind. 


1,106,907 
1,079,940 

800,411 
1,046,493 

727,014 
1,071.996 
1,476,024  < 


•  Thia  table  »  oompow^d  of  iieinit  (',)  and  ((|  of  Table  6. 
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Tabu  T. 
Inpobib  op  FAUrnira  Wax. 


TmnOLMBM. 


n>Mt  Y«u. 

Poiindi. 

Vdue. 

43,716 
89,010 
69,967 
63.030 
61,132 
68:862 
63,229 
^229 
763.864 
783,873 
«i3;9ie 
208,090 
163.817 
160.287 
I3S.7C8 
108,670 
92,342 
47.400 
118,848 

16,166 
6.079 

Sim 

7,968 
6,796 

6,260 
16,844 

60,Z76 

16,704 
11,679 
10,042 
7,946 
6987 
4,026 
^629 
?689 

1884 

886 

S:::::::::v..:.-.: 

890 

1899 

■S::;::::;:::.:,.: 

18M 

18W 

1901. ..(Dutj.SO  P.O.) 

Table  8. 

PsTBOLmm. 

ImoBTa  at  FiMAnaa  Was  Gamdim. 


FiKadYeK. 

Pound). 

Value. 

1880 

10,440 

1883 

7,149 

1884 

8,766 

^229 

1886 

9,247 

1886 

1887 

8,0S3 

1890 

1893 

1894 

10,818 

1896 

19.448 

1897 

25,114 

1890 

62.331 

1900 

190L.(Duty,  30  p.c. 

44.663 

3,688 

ib.Google 


96  8  aioLoaiOAL  subvkt  or  oanada 

PmoLau  Tabu  ». 

Pricsa.  FcnoLnni. 

AniAOB  MONTHLI   PUCIB  FOB  ClDPK  Ott,  AT  PKTBOLU  UOSKa  YlAR   1901. 


Month. 

Pwoi 

UORTH. 

Pmoi. 

91  00  to  91-60 
I  60  to    1  60 
1  60  to    1  61 

J»lj 

Anrw 

FebnuiT 

Uanh    

1  SI 
1<1  to    1  66 

M»T I  41  to    1« 

JniK. '                      141 

NoTamber. 

Deoembw 

1  66 
1  61  10    1  66 

1  6S 

PHOSPHATE  (ApatUe.) 


Diroot  ntams  of  the  production  of  phoiphat«  were  not  obtained. 
The  production  in  Qnebeo  aocordiag  to  Mr.  Obftlaki  was  1,033  tons, 
Talned  att6,  280.  This  was  obtained  chiefiy  as  a  by-prodaot  in  the  mining 
of  Diioa  in  the  ricinit;  of  Bnckingham  and  Templettm. 

Tabu  L 
Phobfhate. 

AHNOAL  pBODDOnON. 


aOendAT  Ye«r. 

ton. 

1888 

20,490 

914  80 

9304,338 

13  00 

819,810 

1888 

1889 

30,988 

10  31 

316,662 

31,708 

11  37 

1891 

23,688 

1893 

11,932 

13  9) 

167,424 

1898 

86B 

70,942 

600 

41,166 

1896 

670 

600 

3,420 

1897 

908 

4  39 

600 

18,000 

1901 

1,03S 

6,280 

ib.GoogIc 


SBCnOR   OF   MINES 

Tabu  2. 
Phosphatb. 
Expoim. 


Pbosphatb. 
Biporte. 


Ontario. 

Qaebec 

ToultL            1 

C&Icnd&rYear. 

T(KU. 

•Viaue. 

Ton* 

•ViJue, 

Tons. 

•VJue. 

824 

d,»l» 

10,743 

87« 

1,842 

30.66B 

101,470 

122,036 

882 

16,68s 

,302,019 

17.163 

881 

416,880 

424,240 

885 

434 

28,636 

:887 

TOD 

33,147 

434,940 

83,162 

433,217 

889 

36,440 

366,936 

3»4,7S8 

890 

21,32» 

36,691 

478,040 

489,369 

1,»1 

16,720 

■892 

12,tH4 

9,981 

141,231 

11,483 

163,766 

89i 

10.B80 

39,610 

40,170 

299 

2)990 

300 

3,996 

896.   ...       . 

1 

6 

m 

4G0 

166 

236 

seo 

21 

240 

130 

Nil 
G 

*  Theae  vftlnn  do  not  a 


valued  upon  qiiiC«  a  different  basis. 


PLATINUM.  Platikcm. 

Aa  iD  the  past  the  production  of  this  metal  is  altogether  derived  ProdHction. 
from  the  placer  working  on  the  Similkameen  river  district  of  British 
Columbia.     Ab  will  be  seen  on  inspection  of  the  figares  in  Table  1 
below,  the  jield  has  been  generally  falling  off  for  some  years  past 
The  amount  is  now  insigmficsnt. 
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Tablb  1. 

Platuivu. 

Ankdal  PatWDcnoit  ov  Platikcm. 


dm^OaiYtn. 

1 

1   "-^ 

1889 

IWl 

IW8 

1         i.8n> 

18M 

18BT 

1        i.aoo 

18M 

WOO 

1          Nil 

IUCI 

1      '" 

Am  aiiiolM  of  plrtiimm  u«  not  maaofactand  ia  Canadai,  thnre  ii 
no  home  market  £or  the  orude  metal  and  the  importa,  aa  shown  ir 
Table  2,  repraaent  oolj  the  finished  artioles. 

Table  2. 

Platinuh. 

Imfohsoi  PiATuroH. 


FUoftI  Ymt. 

Vdiu. 

1B8S 

1884 

1885 

1886 

1887 

1888 

1S8B 

1890 

«    lis 

6T6 
799 
1,1H 
1422 
18,475 
3,187 

*,0K 
1968 

S,9S7 
6^185 
9:081 
9.781 

9,m 

67,810 
20,283 

189! 

189S 

18M     

1896 

1898 

189U 

1900 

"PlMinuin  wire  vid  platinum  in  baix,  strip*,  slieeM  or  pUtos  ; 
platinuiD  retorta,  puw,  condsnaeis,  tubing  and  pipe,  imported 
by  muiufacturpn  of  lulphiirjc  acid  for  iiie  in  thpir  worlu.  Duty 
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It  is  to  be  hoped  thai  tbe  iaorensing  demand  toe  this  Vftlokble  metal  Platinum. 
mfty  stimBlate  proBpeotiog  and  lead  to  the  discovwy  c^  other  workable 
depoeita.  With  this  in  view  Mr.  Theo.  Denis,  B.  Sc.,  of  the  Staff  of 
the  Mines  Section  hu  prepared  the  following  article  on  the  subject, 
giving  in  condensed  form,  infortnatioa  inaccessible  to  the  ordinnr; 
reader  on  account  of  ita  being  scattered  throuKhont  a  number  of  techni- 
cal publieatioos.  Descriptive  matter  relating  to  the  mode  of  occur- 
rence and  methods  of  working  deposits  in  other  oountries  has  been 
included  aa  suggestive  of  points  likely  to  be  of  ose  to  the  prospector 
and  miner  in  Canada. 


OCCURRENCES  OF  PLATINUM  IN  CANADA.  o 

Althouf^  the  first  refmvnce  to  the  occnrrenoecJ  platinum  in  Canada 
was  made  as  early  as  1852,  by  Dr.  T.  Sterry  Hunt,  yet,  the  prodncticm 
so  far,  as  may  be  seen  by  the  t»ble  given  above,  has  been  very  small 
and  moreover  the  figures  show  great  irregularity  from  year  to  year. 
This  is  due  to  the  fact  that  in  Canada  this  metal  is  obtained  as  a  by- 
product only,  mainly  in  the  working  of  some  aoriferoue  placers  in 
British  Columbia,  and  in  many  cases  the  black  platiniferons  sand 
which  is  held  back  in  the  riffles  of  the  sluioebozes,  is  overlooked  and 
thrown  away  owing  to  the  ignoranoe,  on  the  part  of  the  miners,  of  its 
value  or  of  the  mode  of  further  treatment.  Even  as  late  aa  1899,  the 
Provincial  Mineral(^Bt  for  British  Columlna  in  bis  report  for  Uie  year 
says  that  '  It  appears  that  many  of  the  placer  miners  do  not  know  its 
value  and  throw  it  away  as  so  mach  black  sand.'  This  may  have  been 
due  to  the  fact  that  until  a  few  years  ago  the  demand  for  platinum  was 
somewhat  limited  and  the  market  price  accordingly  comparatively  low; 
bat  at  present,  owing  to  its  extended  uses,  the  price  has  risen,  so  that 
it  now  rivals  that  of  gold,  the  market  price  for  ingot  platinum  during 
1901,  ranging  from  (18.00  to  $22.00  per  ounce. 

Platinum  was  first  noticed  in  Canada  in  185^,  as  mentioned  in  the 
Geology  of  Canada  of  1863.  It  was  found  on  Bivi^re-du-Loup,  prov- 
ince of  Quebec,  near  its  junction  with  the  Chaudi^re,  in  the  course  of 
washing  und  for  gold.  Atsooiated  with  this  native  platinum  were 
plates  of  a  hard  steal  gray  metal  resembling  iridosmine.  There  is  also 
another  record  of  platinum  having  been  found  under  similar  conditions 
in  Riviere  des  Plantes,  Beauoe  county,  in  ^e  province  of  Quebec. 
Tbe  qoantity  was  very  small  and  these  finds  possess  at  present  only  a 
historical  interest.  If,  however,  placer  mining  should  be  mora  vigor- 
ously proeecuted  in  this  region  it  is  not  impossible  that  platinum  might 
become  a  valuable  by-product  of  the  operation. 
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PuTiHL-u.  The  recorded  CuuulUa  prodactioa  of  plfttiaum  oomei  from  British 

OocumnoeB.  Oolnmbik,  where  the  metal  ia  obtcuned  maiiilf  in  oonneotion  with  the 
working  of  the  snrtferoua  deponts  of  the  SimillcMueeD  and  Taluncai 
riven. 

It  is  nther  difficult  to  ascertain  when  pUtinum  was  fint  discovered 
in  British  Colombia.  In  his  *  Afines  and  Minerala  of  EUxmomic  value 
of  British  Columbia,'  (Geol.  Snrr.  Bep.  76-77),  the  late  Dr.  Q.M.  Dawson 
mentioned  finds  of  platinum  on  die  Similkameen,  Tranquille  and  Fraser 
rivAra.  Bat  as  some  of  those  plaoen  were  first  worked  as  fkr  back  as 
18S8  it  ia  very  probable  that  the  black  platinifennu  sand  must  have 
come  to  the  notioe  of  gold  mioers  a  good  many  years  before. 

However,  the  first  record  of  its  having  been  saved  is  found  in  the  report 
of  the  gold  commissioner  ot  the  Similkuneen  dineion  for  1886  in 
which  he  sajs  :  '  Mixed  with  Uie  gold  found  in  this  district^  and  poe- 
■eaaed  of  a  greater  specific  gravity,  ia  a  whitish  metal  which  at  first 
was  thrown  away  under  the  impresaion  that  it  was  worthless.  For 
oonsiderable  time  no  definite  idea  oonld  be  procured  as  to  its  valoe. 
Mr.  Jenson,  of  Granite  City,  who  forwarded  a  sample  to  a  conain  of 
his  at  Manchester,  Englaiui,  for  analyaia  haa  kindly  supplied  me  witfi 
the  desired  information.  The  metal  is  principally  platinum,  otmtain- 
ing  small  quantities  of  iridium,  osmium,  and  palladium.  Its  value 
depends  on  the  percentage  of  platinum,  which  varies  in  quantity  and 
may  be  considered  as  worth  about  $2.50  per  ounce.  The  selling  price 
at  Qranite  City  was  90  cents  per  ounce ;  so  the  purchasers  will  reap  a 
handsome  return  for  their  investment.'  The  following  year  he  esti- 
mates tbo  production  to  have  reached  some  2,000  ooncee,  which  com- 
manded from  12.60  to  (3.00  per  ounce. 

Platinum  has  been  found  in  many  places  in  British  Columbia  in 
association  with  gold,  in  alluvial  deposits,  an  annotated  list  of  localities 
being  given  below,  but  the  region  of  the  Similkameen  and  Tulameen 
rivers  (north  fork  of  Similkameen)  ia  by  far  the  most  importanL 

The  origin  of  the  platinum  found  in  the  placers  of  the  district,  has 
not  been  definitely  ascertained ;  Dr.  Dawson  in  his  report  on  the 
Mineral  Wealth  of  British  Colnmbta  expresses  himself  as  follows : 
Hie  metal  (platinum)  occurs  in  notable  quantity  in  the  regi<»i  of 
the  upper  Similkameen  and  Tulameen,  in  minnte  acalea  where  the 
gold  is  "  fine  "  bat  increasing  in  coarseness  to  small  pellets  and  naggeta 
in  places  where  "coan:e"go1d  is  found.  Coarse  crains  and  pellets 
of  platinum  have  so  far  been  found  only  on  Granite,  Cedar  and 
Slate  creeks,  all  entering  the  Tulameen  on  the  south  side.  In  certain 
clatma  in  these  creeks,  the  platinum  haa  been  found  to  equal  half 
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the  weight  of  gold  obtaioed Though  above  Platinuh. 

referred  to  aspUtinam,  the  metal  so  named  k  alloyed  with  aeveral  Occurrences. 

other  metals  of  the  same  clasa,  of  whioh  osmiridinm  is  the  most  abuD- 

dant.     Specimens  of  the  native  platinum  from  Granite  creek  have 

been  subjected  to  careful  examinatioD  and  analysis  by  Br.  Hoffmann, 

who  states  tliat  the  material  "  having  the  composition  of  the  ore  here 

in  question  would,  at  the  present  time,  be  worth,  from  $2.90  to  |3.66 

per  ounce  troy  in  the  English  market."     Osmiridinm  is  employed,  on 

account  of  its  great  hordnrea,  for  tipping  the  nibs  of  gold  pens.    "  For 

this  purpose  it  is  necesasry  that  it  should  be  in  the  form  of  natural 

grains,  and  these  are  very  carefully  selected,  the  requirements  being 

that  thej  should  be  solid,  compact  and  the  proper  size  and  shape.' 

l^iis  was  not  however  found  to.be  the  case  with  the  grains  present  in 

the  platinum  from  Qranite  creek. 

Platinum  boa  very  rarely  been  discovered  in  veins  or  otherwise  in 
its  original  matrix.  In  Russia,  whence  the  greatest  quantities  are 
obtained,  it  is  almost  always  found  ss  in  the  cases  above  cited  in 
association  with  gold-bearing  alluvions,  although  it  has  been  noted 
in  a  few  places  with  little  or  ro  accompanying  gold.  It  appears  to 
be  derived  from  rocks  consisting  of  serpentine  and  peridoMte  with 
talcose  and  cbloritic  schists  and  chromite.  While  there  is  a  not^le 
abondsnce  of  greenish  chloritio  and  hornblendic  schists  and  diabase 
rocks  (resulting  from  the  metamorpbism  of  old  volcanic  rooks)  in  the 
Tulameen  and  upper  Similkameen  region  of  British  Columbia,  and 
chromite  and  magnetite  are  here  found  in  the  workings  in  associat  on 
with  the  platinum  and  gold,  no  peridotite  or  serpentine  is  actually 
known  to  occur.  The  circnmatanoeB  in  connection  with  the  occurrence 
of  the  '  coarse '  platinum  appear  to  point  to  the  vicinity  of  sn  important 
mass  of  intrusive  diorite  as  its  point  of  origin.  A  great  part  of  the 
associated  magnetite  is  certainly  derived  from  veins  in  this  rook  and  it 
seems  not  improbable  that  the  platinum,  and  possibly  also  a  great  part 
of  the  gold  of  this  district,  may  occur  in  scattered  grains  in  this 
intrusive  macs.  Yery  little  vein-stuff  occurs  in  tlie  gravels  with  which 
the  platinum  and  gold  of  this  region  are  associated.  (GeoL  Surv.  Rep, 
87-88  part  R.) 

Later  investigations  however  have  led  to  a  modification  of  the  views 
expressed  as  above  by  Pr.  Dawson  in  1888. 

The  following  statement  by  Mr.  R.  W.  Brock  was  published  in  the 
Summary  Report  of  the  Geological  Survey  of  Canada  for  1901  p.  67  : 
"It  (platinum)  has  been  found  in  the  Similkameen  district  and  is  known 
to  occur  at  many  points  in  the  western  United  States.  When  found  in 
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Punxisu.  pUbce  it  bu  genendiy  been  oonfined  to  aerpeatjue,  Mid  when  found  in 
Ooeurmion.  suula  it  is  vsnaDj  ia  th«  oaighborbood  of  serpontiiw.  ComeqaMttly 
■trtHH  drminiag  mMMa  of  Mrpeatic*  in  p»rtioulAr  aboold  be  ptos- 
peotad  fM  plAtianoL  SerpMituM,  m  sbove  notod,  ocoora  «t »  nomber 
of  pointi  in  tbs  diitriot  flxunined  this  tDmmer,  as  on  Jaly  craek, 
Bmrdy  monntain  and  Cuttnl  Ounp.  It  ftlao  oooors  on  the  ntagfl  out 
el  tha  CuMde." 

A  very  inUrenting  inveatigat'on  on  a  ssinple  of  plktinnm  from 
Granite  oreek  wm  coadactad  b^  Dr.  G.  C  Hoffmann  of  the  Geological 
Snrv^,  The  origiD*)  sunple  weighed  18.366  grama,  of  which  .373 
nniiiiiHnl  of  rock  matter,  pyrite  and  gold.  The  sample  was  submitted 
to  mftgoetic  separation,  and  divided  into  two  parta,  which  on  analjsis 
gsv«  the  following  feaalts  : 

Noo  MsgtMtic.         Msgnetic. 

Weight llURgrains.    6-779  grama. 

Platinum 69-19  7.  78-43  7. 

Palladium 0-26  0'09 

Rbodism 310  1-70 

Iridimm 1-21  1.0* 


Ooftpar. 3-09  3-89 

Iron l-Sl  9-78 

Onuiidiom U-63  3-77 

OaDgiie 1-98  1-27 

100-29  99-97 

This  determiMation  sbowB,  thenCore,  a  proportion  of  72-077.  '^ 
platinum  in  the  17-894  grams  ot  ma'.erial  analysed.  For  the  psipose 
of  oompariaoii,  platimm  oraitants  at  ssmplea  of  plalinBK  bearing 
matarial  from  dUbrsnt  parts  of  the  world  are  givm :  The  aaaljaes  ue 
by  Hnars.  DeviUe  and  TMtnj  ;  Oragoo,  Sl-45  7, ;  Australia,  61-40 ; 
California,  80  BO;  Cbooo,  Ootamfaia,  86-20;  Ntsobae  Tagilsk,  Unls, 
76-40. 

The  EoUowing  is  a  list  of  Canadian  looalities  at  which  the  ocoamnce 
<rf  platinnin  hM  bMti  notaoed.  With  tbs  ezoeption  of  that  at  Ssd- 
biiry,  Ont.,  all  the  finds  have  basD  made  In  tin  allnvial  deftuaits, 
nnially  while  working  tor  gfM. 

Biviitv  4u  Louf,  ttitd  Bwiin  det  PUmUm,  provinM  of  Qtiebae.  (See 
noteabore.) 
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Sudbury,  Ontario. — This  ooosrrtpM  !■  on«  of  the  very  few  in  tfte  PuTivtru. 
world  when  {dfttiDnm  is  fonind  "in  Bitn." — In  tliia  osm  the  in«t>al  is  OocurrenoM. 
found  in  oombiaktion  with  krsenie  Mwl  HW>oi»ted  with  the  niekeliferons 
pyrrbotite  depoaitB.  The  aneniMkl  pUtinnm  minenil  wa«  named 
•perrjlite  by  H.  A.  Wella  who  detgribtd  it,  and  found  it  to  cMisiat  on 
analysis  of:  Platinum  62.  57  per  Qtnt;  Rhodinm  0.72;  Antimouy 
0.60 ;  Araenio  40.98 ;  Iron  0.07 ;  Tin  oxide  4.62, 

At  Sudbury  the  ore  bodies  oonalst  of  oholoopyrite  wuJ  siokeUferous 
pyrrhotite,  which  are  primarily  worked  for  tbatr  niokal  and  copper 
contents,  and  yield  a  large  proportion  of  the  world's  supply  of  nickel 
The  an  undergoea  a  first  treatment  at  the  mines,  where  it  is  smelted, 
tlie  low  grade  matte  first  made  containing  approximately  16  per  cent  of 
nickel  and  about  the  same  proportion  of  oop^r  and  tbe  Beasemerised 
matte  from  36  to  40  p.c  of  nickel.  This  is  shipped  to  the  refinery  in  Sew 
Jersey  where  it  is  Gnatly  treated.  According  to  a  reliable  auUiority 
this  matte  holds  1.25  oz.  of  the  platinum  metals  per  ton  of  nickel 
oontentB  of  the  matte,  and  of  this  some  60  per  cent  is  extracted. 
In  1900  the  matte  shipped  from  Sudbury,  oontainod  approximately 
4,594  tons  of  nickel.  The  platinum  metals  would  therefwe,  on  that 
basis  have  amounted  to  6,742  oz.  This  however  is  not  included  in  the 
table  of  production,  as  returns  of  {^tinnm  from  this  source  are  not 
sent  in  to  the  Uioes  Section. 

ITortfi  Saakateheuxm,  Jf.  W.T.  Native  platinum  has  been  found  in 
association  with  gold  on  the  bars  in  tbe  North  Saakatobewan  river, 
in  the  neighborhood  of  Edmonton,  district  of  Alberta.  A  sample  of 
the  material  from  this  locality  received  from  Mr.  Pearce  consisted  of 
exceedingly  minute  rounded  and  flattened  grains  of  native  platinum, 
tbe  largest  not  exceeding  one  fourth  of  a  millimeter  in  diameter,  with 
intermixed,  equally  minute  scales  of  native  gold.  (OeoL  Surv.  Kep. 
90-91  part  B.). 

Yubon  river  and  tributariei,  T.  T.  Platinum  was  reported  to  have 
been  found  in  small  quantities  along  all  or  nearly  all  tributaries  of 
the  Yukon  in  association  with  river-bar  gold  ^Geol.  Surv.  Rep.  67-8S). 
but  these  reports  have  not  been  verified  by  fuller  investigation  and  it 
ia  still  uncertain  whether  this  metal  has  been  discovered  or  not  on  tbe 
Yukon  river. 

It  has  been  reported  lately  that  comparativdy  large  quantities  of 
platinum  were  bought  at  low  prices  from  placer  miners  in  the  Yukon, 
who  were  ignorant  of  its  value,  and  sold  again  at  a  large  profit  in 
Vancouver. 
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I'LATtxuM.  Tulin  (BootalinqtM  rivm-),  y.r.— AdUooreiyof  pUtdiufeFoas  aand 

Oocumnoet.    wm  nwde  io  1898,  ftt  th«  month  of  the  Hootalinqna  river  Mid  od  Thirtj 

Uile  (Lewta)  river.     A  compuiy  wu  aaid  to  bftre  been  sabeeqnentlj 

orgftnized  to  work  tbeae  allavioiu  for  the  gold  uid  platinam,  hy 

meuu  of  dredgee. 

Upper  Similkame«n  and  Tuiame«n  riveri,  British  Columbia, 
eapecudly  on  Qruute,  Cedar  luid  SUte  Creeks.     (See  note  Above.) 

T^wtquUU  riv«r,  B.  C.  This  river  which  flows  into  Kamloopa 
leke,  was  worked  before  1862  by  gold  miners ;  later  tbe  work  was 
tftkea  up  by  Chinamen.  Qold  ia  fonnd  for  »  di>t»noe  of  eight  miles 
from  the  mouth.  The  meUd  ia  acaly  and  mixed  with  it  are  partiolee  of 
platiaum,  similar  in  shape  and  siie  to  thoee  of  gold. 

(Qeol.  Snrv.  Rep.  IS77-I878  part  B.) 

Fra§er  rivtr,  British  Columbia.  Found  in  amkll  qnantitiee  in  fine 
scalea,  with  gold,  particularly  at  aploce  ten  miles  below  Lillooet.  (Oeol. 
Snrv.  Rep.  87.88). 

A  sample  of  erode  platinnm  sand  from  washings  in  the  Fraser  river 
gave  the  fDllowing  resalt : — 

Base  metals. *'<87. 

Platinum  group 81  '30 

Osmiridium 12-20 

Rock  creek.  Camp  MeKinn^,  YaU  dittri^  B.C.  A  aanqile  of 
heavy  black  sand  taken  from  the  riffles  of  iluice-b<aes  at  Camp  Hc- 
Kioney,  Rook  ereek,  a  tributary  of  Kettle  river  which  contained  in 
addition  to  gold  a  iargo  proportion  of  native  platinum,  gave  on  analy- 
sis the  following  retulta : 

Native  platiaum 44-7 

Gold 18 

Magnetite 47*4 

Qoarttose  sand 6*1 

The  platinum  was  in  the  form  of  exceedingly  minute  to  moderately 
coarse  irr^ularly  shaped  grains,  the  largest  of  which  measured  four 
miUimeUrs  in  diameter.     (Oeol.  Surv.  Rep.  91^-93). 

North  Thwnpton  and  Clearrvatmr  rivert,  B.C.  The  discovery  of 
platinum  in  the  Nor^  Thompson  and  Clearwater  rivers  has  created 
some  interest,  as  its  existence  was  not  formerly  «aspeot«d.  It  li  found 
associated  wiUi  the  alluvial  gold  bat  the  extent  and  condition  oi  tbe 
finds  are  not  yet  fully  determined.  (Rep.  Minister  of  Mines,  B.C., 
1900). 
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PLATttrilM 
SODBOB8  OF  THK  world's  SUPPLY.      OcCDRRBMCE   AKD  TREATURNT. 

Although  platmnm  is  known  to  occur  in  aitu  ia  several  places,  it 
is  in  nncb  small  qnantities,  that  nowhere  are  these  ooouirencee  worked 
for  the  metal.  These  deposits  have  therefore  at  present  no  direct 
eooDomio  vslno  although  their  study  may  eventually  throw  light  on 
the  origin  of  this  metal  which  so  far  is  not  well  understood.  Platinum 
has  been  found  in  place  (in  contradistinction  to  alluvial  deposits)  in 
the  following  oonntriea,  a  short  deecription  being  given  in  each  case. 
Columbia — In  Columbia  the  platinum  deposits  may  be  divided 
into  two  main  classes,  the  more  recent  alluvial  deposits  and  the 
"  caliche  "  b^s.  These  last  are  deposits  which  consist  of  clay,  satkl 
and  boulders  indbcriminately  mixed  and  which  show  no  stratification. 
Those  depositB  are  probably  of  glacial  origin,  and  are  the  oldest  plati- 
nifer>Jtt3  deposits  of  £1  Choco.  They  frequently  contain  diorite  boul- 
ders, and  it  seems  possible  that  tbe  platinum  will  eventually  be  found 
disseminated  in  this  rock.  The  true  gravel  deposits  of  El  Choco  are 
newer  than  the  "caliche'  beds  and  in  part  derived  from  tbem.  The 
largest  deposits  of  tbe  kind  are  situated  along  the  Tamana,  Iro,  and 
San  Juan  rivers.  These  are  from  6  to  20  feet  deep  and  have  been 
•zteasively  worked  by  the  natives.  (Min.  lad.  Yol.  I.)  Although 
the  caliche"  beds  cannot  be  said  to  contain  platinum  in  sttn,  yet  the 
occnrrence  differs  from  the  ordinary  alluvial  deposits.  The  annual 
production  of  Columbia  baa  varied  for  the  last  few  years  between 
10,000  and  12,000  oz. 

Ifetv  South  Wales. — In  New  South  Wales  platinum  is  said  to  have 
been  detected  in  felsite  and  granite  at  Broken  Hill.  It  is,  of  course, 
very  sparsely  disseminated.  It  has  also  been  found  in  small  quantities 
in  waahiaga  for  gold  at  severat  places,  and  aioce  1894  there  is  a  pro- 
duction recorded,  which  is  very  irrc^lar  and  varies  between  500  and 
2,000  ozs.  annually. 

Sraml. — In  Braail  platinum  is  found  associated  with  gold  in  quartz 
lenses  intercalated  in  gneiss  and  schists. 

United  Statea-^Aa  to  tbe  Unit«d  Stotea,  Mr.  David  T.  Day  in  a 
papor  read  before  tbe  American  Institute  of  Mining  Engineers  in 
February  1900  makes  the  following  statemeDt : 

"  Messrs.  William  E.  Hidden  and  J.  H.  Pratt  have  found  sperrylite- 

platinum  arMuide  in  plaoera  at  several  points  in  the  Cowee  valley  of 

North  Carolina.     The  conditions  favour  tbe  belief  that  the  source  of 

this  mineral  is  a  ledge  of  impure  rhodonite  and  biotite,  containing 
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much  diueminated  iron  sulphidea,  coaditiotia  much  like  thooe  Rt 
Sadbuiy,  CAiutd». 

"  Ther«  have  been  anaubatantiated  reports  of  the  occurrence  of  plati- 
num in  pince  in  certain  localities  of  the  CatskilU  io  New  York,  in 
granite  near  Philadelphia,  and  again  near  Port  Deposit,  Maryland." 

As  to  alluvion  deposits  he  aaja  : 

"  Flatinum  has  beea  found  at  man;  places  on  the  Pacific  beach,  from 
aa  far  south  as  San  Bernardino  county,  northward  to  the  month  of  the 
Columbia.  Indefinite  reports  have  been  made  of  it«  occurrenee  furtber 
north  on  the  Washington  beach ;  but  its  amount  is  certainly  not  great. 
The  principal  beachea  where  platinnm  has  beeo  reported,  beginning  at 
the  south,  are  ;  Sunta  Barbara,  Lampoc,  the  beaches  of  San  Luis, 
Obispo  county  ;  Snnta  Cruz,  and  occasionally  between  Santa  Cruz  and 
the  Golden  Gat«.  In  accordance  with  filake'a  Btat«ment,  the  richest 
beaches  are  farther  north,  in  Humboldt  and  Del  Norte  Counties.  The 
beach  mines  of  Gold  Bluff  north  of  Areata,  Big  Lagoon,  Stone  Lagoon, 
Little  River,  Creecent  City,  Cal.,  and  Gold  Beach  and  Fort  Orford,  in 
Curry  county  Oregon,  have  all  yielded  platinum  in  commercially 
appreciable  quantities.  Still  further  north,  platinum  is  found  at 
Taquina  beach,  Oregon,  but  the  sanda  there  are  poor." 

£KMta.~The  metal  iafouniin  the  Ural  mountains  sparsely  dissemi- 
nated in  peridu;it«  and  serpentine  masses.  The  platiniferoni  alluvial 
deposits  are  also  characterized  by  the  presence  of  I  onlders  of  olivinite 
and  serpentine,  which  both  contain  chromite,  Thus  the  aouroe  may  be 
eaid  to  have  been  placed,  the  matrix  being  beyond  doubt  the  aerpentin- 
tized  olivinite.  It  is  even  reported  that  a  streak  or  zone  of  this  rock 
some  six  feet  wide  in  a  massive  olivinite,  was  actually  worked  for  some 
tiiiie  for  its  contents  of  platinum,  but  at  a  depth  of  about  36  feet  it 
was  no  longer  workable.  It  does  not  seem  certain  that  platinnm  has 
been  found  in  the  perfectly  fresh  ignejus  rook  which  had  not  yet  under- 
gone serpentioization,  hence  there  is  a  possibility  that  the  same 
agencies  that  brought  about  the  conversion  of  theoHvine into  serpentine 
also  introduced  the  platinum  into  the  rock.  (Min.  Ind.  Tol.  VI. 
Abstract) 

Over  90  per  cent  of  the  world's  production  of  platinum  is  derived 
from  the  placer  deposits  of  the  Urala  in  Russia.  The  whole  of  the 
platinum  producing  portion  of  these  mountains  is  contained 
within  a  length  of  100  miles  along  the  60°  meridian  E.  of  Greenwich, 
between  latiludea  57.30°  and  59°  and  is  all  included  within  the  govern- 
ment of  Perm.  Within  thisarea  there  are  two  chief  districts,  Gorobla- 
godatsk  in  the  north  and  Nishoi  Togilsk  in  the  south.     The  platinum 
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placers  occupy  the  valley  boltoma  of  a,  namber  of  streamlets  and  Fi-atintm. 
their  br&nchea,  the  alluvions  of  the  larger  streams  being  rarely  rich 
enough  for  working.  In  the  Qoroblagodatek  district,  which  lies 
wholly  on  the  Asiatic  side  of  the  Urals,  the  placers  are  foaad  on 
the  river  systeoi  of  the  Isa  and  its  tributaries  which,  in  its  turn,  dis- 
charges into  the  Tourna.  The  total  length  of  the  las  and  its  afflutnts 
is  aboQt  60  miles. 

In  the  southern  district  the  main  producing  area  lies  on  the  Enro- 
pean  side  of  the  Ural  watershed  in  the  river  systems  of  the  Tissine 
and  the  Martian.  On  these  18  placers  are  being  worked.  On  the 
Asiatic  side  there  are  three  fields  of  operation  od  the  Chomaia  and 
its  tribotary,  the  Chonge. 

The  platiniferoua  alluvion  is  very  variable  in  thickness  and  in  rich- 
ness^ but  always  shallow,  the  placers  b?ing  undoubtedly  of  quaternary 
age.  These  placers  carry  gold  in  addition  to  the  platiouta,  but  these 
metals  did  not  oocnr  together  in  primary  deposits,  and  their  presence 
together  is  due  to  the  fact  that  the  stream  which  formed  the  alluvial 
deposit,  received  the  product  of  disintegration  of  rocks  containing  gold 
and  of  rocks  contuning  platinum,  the  source  of  gold  being  traceable  to 
quartz  veins  or  to  rocks  of  an  acid  type,  whereas  the  platinum  is 
derived  from  basic  rocks. 

The  thicknesseas  of  the  respective  layers  of  overburden  and  platini- 
feroua alluvion  are  also  recorded,  and  are  as  follows  :  Overburden 
average  16  feet  (maximum  63  feet,  minimum  2^  feet),  pay  gravel, 
average  3^  feet  (maximum  6  feet,  niiaimum  1  font).  The  average 
richness  of  these  pay-sands  being  at  present  about  2  dwt.,  crude,  to  the 
ton.  The  yield  of  platinum  to  the  ton  of  gravel  washed  was  at  first 
much  higher,  but  has  decreased  considerably  within  recent  years. 
According  to  private  records  the  sands  of  the  Qorablagodatsk  district 
in  1870  yielded  1  oz  per  ton,  in  1882  this  fell  to  9  dwt.,  in  1886  to 
4J  dwt  and  in  1895  it  was  IJ  dwt.  In  the  Nishni  Tagilak  diatric',  the 
same  decrease  is  noticeable.  This  progressive  impoverishment  is  due  to 
the  fact  that  at  first  only  the  small  shallow  and  rich  placers  at  the 
headwaters  of  the  smaller  streams  were  worked ;  and  as  these  were 
exhausted,  gradually  poorer  and  poorer  deposits  further  down  stream 
had  to  be  attacked,  till  now  there  is  nothing  left  but  the  more  exten- 
aive  low  grade  placers  in  the  large  valleys  and  the  tailings  of  earlier 
washings. 

Orude  platinum,  as  obtained  by  washing   of  the  gravels,    is  in  the 
form  of  fine  particles,  grains  and  scales,  of  about  the  size  of  the  finest 
gunpowder ;  its  colour  varying  from  light  to  very  dark  grey.    Nuggets 
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.'iM.  ue  oocaaionftllf  met  with,  the  largest  (oand  in  the  GombUgodfttsIc 
district  wu  72^  on,  aad  in  the  Niahni  Tegilak  310  oea. 

MetJtodt  of  Workiitg. — Tlie  method  of  working  the  placer  gravels 
is  almoet  everywhere  identical.  There  are  two  different  labonr  systems 
in  force  in  all  the  alluvial  workings  of  Russia.  The  men  are  either 
day  labonrers  receiving  regular  wagee,  or  tbey  are  'sturateli'  or  free 
labonrera.  These  latter  are  what  the  Cornish  miner  would  call 
'  tributers  ' ;  they  are  allowed  to  work  certain  portions,  in  some  cases 
tbe  whole  of  a  placer,  practically  as  they  please,  and  are  in  turn  bonod 
to  sell  the  platinum  tbey  prodace,  to  tbe  individual  or  company  owning 
the  placer,  at  a  fixed  prioe,  which  is  usually  less  than  half  its  value. 
These  men  are  said  to  be  able  to  work  gravels  too  poor  to  be  worked 
by  day  wages. 

The  method  of  working  adopted  by  tbe  '  starateli '  is  simple  in  the 
extreme  ;  tbey  establish  a  short  sluice-box  or  '  torn '  in  sotne  pon- 
tion  where  they  caa  ran  a  stream  of  water  into  the  head  of  the  box. 
One  of  the  moat  neual  types  of  sluice  used  in  the  Urals  oonsiits  of 
a  box  about  2  feet  wide,  into  which  the  gravel  is  dropped,  and  thioagh 
which  a  current  of  water  is  mn.  The  str^m  of  gravel  and  water  is 
carried  into  the  sluice  proper,  whieh  coodsts  of  a  box,  some  two  feet 
wide  by  30  feet  long,  inclined  at  a  low  angle  (about  5*).  The  far  end 
is  opened  and  terminates  in  a  chute  uoder  which  a  cart  can  stand  to 
receive  the  boulders  and  large  pebbles.  On  the  bottom  of  this  sluice, 
at  intervals  of  about  7  feet,  there  are  three  (^niaga  which  are  9 
inches  by  two  feet  (the  width  of  the  box).  These  openings  are  grated 
with  bars  of  iron  set  ^  inch  apart,  and  through  these,  practically  all  the 
finer  sand  and  water  drop,  whereas  the  larger  stones  «mtinue  (m  to  tbe 
chute.  Beneath  each  grating  runs  a  transverse  box  to  receiVe  tbe 
•and  and  water  which  drop  through  the  gratings.  These  boxes 
are  also  inclined  at  a  low  angle  and  deliver  into  a  trough  which  lies 
at  a  steeper  angle ;  this  trough  carries  the  sandi,  which  are  now  con- 
sidered worthless,  into  a  settling  box,  whereas  the  water  runs  off  into 
tlte  ditch.  Tbe  sands  are  shovelled  from  the  settling  box  into  carts  for 
removaJ.  The  bottoms  ol  the  main  sluice  of  the  tnuisverse  boxes, 
and  of  part  of  the  trough  are  covered  with  riffles  and  ooarm  matting, 
forming  interstices  for  catching  the  heavy  sand.  As  wU)  be  seen,  this 
slnice  is  really  the  hydraulic  miners  Eloioe,  undercurrent  and  grixsly 
in  miniature.  In  some  places  this  sluice  is  combined  with  a  simple 
machine  for  disintegrating  clayey  gravels.  When  the  work  is  done  cm 
an  extended  scale  either  by  a  large  company  of  starateli  or  by  mine 
owners,  wasbini{  machines  are  built  and  the  pay  gravels  are  brought 
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to  them  ia  amall  carw  drawn  by  one  horae.  The  maohinei  are  usually  Flatinuh. 
drivan  by  steam.  One  t^pe  of  waabing  machine  consista  of  a  cylindrioal 
tub,  the  bottom  of  wbiob  is  a  circular  cast  iron  pan  19  incheB  deep, 
pierced  with  §  inch  holes  ;  around  the  top  of  the  pan  runs  an  annular 
cast  iron  pipe,  perforated  so  as  to  allow  water  in  amall  jets  to  play  into 
Che  pan.  In  the  centre  is  a  vertical  shaft  carrying  a  aiz-armed  spider, 
from  each  of  the  arms  of  which  hang  a  oouple  of  iron  bars  that  almost 
touch  the  bottom  of  the  pan.  The  shaft  is  revolved  at  about  25  revolu- 
tions per  minute,  and  bhe  gravel  is  fed  in  continnotisly.  The  large 
stones  which  remaiQ  after  the  disintegration  are  removed  from  time  to 
time,  while  the  sanda  and  clayey  matter  suspended  in  water  pass 
through  the  perforated  bottom  and  fall  upon  a  sloping  board  covered 
with  stout  sheet  iron  which  discharges  into  a  large  box,  the  front  of 
which  ia  closed  by  a  strong  wooduii  grating  kept  alvaya  padlocked 
while  the  machine  is  in  operation.  The  bottom  of  the  box  is  inclined 
at  an  angle  of  about  15°.  It  ia  eight  feet  wide  and  the  bottom  is 
covered  by  stojt  bass  mats,  which  are  held  in  place  by  stout  pieces  of 
wood  about  3  inches  deep,  which  are  kept  in  their  places  by  wedges,  and 
act  as  riffles.  The  sands  drop  through  the  grauiig  into  a  transverse 
shallow  trough,  then  over  a  table  some  18  feet  long  and  furnished  witl) 
wooden  riffles  and  one  or  two  more  troughs.  At  the  bottom  of  the 
table  the  sands  drop  into  a  wooden  chute  whioh  is  at  such  a  height 
above  the  ground  that  these  sands  oau  be  carried  by  the  stream  of 
water  to  a  low  dump,  some  100  yards  away  from  the  machine. 

It  is  evident  that  any  coarse  pieces  of  platinum  or  nuggets  whioh 
are  the  moat  liable  to  be  stolen,  will  be  retained  in  the  padlocked 
section  of  the  table,  while  most  of  the  finer  platinum  eands  are  also 
caught  in  the  mats  ;  the  lower  table  ia  said  to  catch  very  little,  but 
this  however  is  no  proof  that  the  tailings  are  clean,  for  all  the  arran- 
gements now  in  use  are  obviously  unsuitable  for  catching  floor  plati- 
num. The  machine  referred  to  above  can  treat  about  100  tons  in  12 
hours,  the  volume  of  water  required  being  from  6  to  10  times  that  of 
the  gravel.  The  clean-up  of  the  different  appliances  usually  takes 
place  every  12  hours  at  6  p.m.  and  5  a.m.  The  sands  resulting  from 
the  clean-up  are  then  farther  concentrated  in  another  very  simple 
sluice,  consisting  of  an  upper  portion  in  the  shape  of  a  box  lined,'«ith 
sheet  iron  and  a  lower  portion  which  oonsista  of  a  narrow  box  about 
15  feet  long  which  is  laid  with  well  washed  peats  forming  shallow 
riffle?.  The  sanda  are  thrown  in  small  quantities  into  the  box  and 
then  worked  about  with  a  hoe  or  a  narrow  shovel  in  a  carefully  regu- 
lated current  of  water  ;  the  bulk  of  the  platinum  is  retained  in  the 
box,  the  rest  being  caught  in  the  riffles  and  most  of  the  lighter  mate- 
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rial  ia  carried  away.  TbericfacoDoentratMthuaobtained,  seem  to  consist 
of  crude  platianm,  chromite  and  a  few  of  the  beaTier  minerals.  Th^ 
are  finally  cleaned  on  a  small  flat  table  or  waBh-board.  This  ooosists 
<rf  two  tables  separated  by  a  drop  of  two  iDches.  Above  the  upperooe 
is  a  small  box  which  delivers  a  regular  shallow  stream  of  water  over 
the  whole  breadth  of  the  table,  the  force  of  the  current  being  just 
sufficient  to  move  the  average-size  particles  of  platinum.  The  breadth 
of  the  board  is  about  3  feet.  The  concentrated  sands  from  the  alnice 
are  thrown  on  the  upper  table  and  are  continually  pushed  upward 
against  the  current  by  means  of  a  Itttle  wooden  hoe.  On  thia  table 
tiie  concentration  is  finished  ;  the  sands  are  worked  with  the  hoenntil 
fairly  clean  and  are  then  allowed  to  be  carried  by  the  stream  of  water 
to  the  lower  table,  where  the  washing  is  completed.  The  clean  plati- 
nuni  sands  are  then  collected  off  both  tables  and  stirred  up  with  suffi- 
cient mercury  to  dissolve  any  gold  that  may  be  present.  The  platinum 
left  behind  is  now  ready  for  the  market.  In  its  crude  state  it  usually 
oontains  from  75  to  85  per  cent  of  pure  met^.  It  is  then  ready  bo  be 
sold  to  the  refineries.  The  bulk  of  the  produce  of  Russia  is  exported 
in  the  crude  state. 

Id  Columbia,  which  is  the  platinuin  producer  next  in  importance  to 
Russia,  the  metal  is  also  recovered  by  very  simple  methods.  The 
greater  proportion  is  obtained  from  the  working  of  the  "  caliche " 
beds  which  are  usually  ground-sluiced.  River  bars  and  beds  are  wM-ked 
in  even  a  more  primitive  way;  women  diving  for  the  black  sand  and 
washing  it  in  pans. 


PRECIOUS  UETALS. 


The  precious  metals,  gold  and  silver,  are  considered  together,  follow- 
ing the  custom  of  past  years. 

Gold. 

The  production  of  gold  in  Canada  in  1901  was  (24,128,503,  a 
decline  as  compared  with  the  previous  year  of  $3,779,662.  This  is 
the  first  time  in  ten  years  that  the  production  has  not  shown  an 
increase.  This  is  mostly  due  to  the  tact  that  the  output  of  1901  of  the 
Yukon,  was  less  than  in   1900  by  t4,27S,000,  this  falling  away  being 
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offset  in  A  small  d^ree  hj  a  Btwulf  Inoreaae  in  the  British  ColambiA  Frboioub 
prodnotion.    It  was  only  to  be  expected  that  as  the  rioher  parte  of  the        *'^' 
more  easily  worked  shallow  placer  ground  became  exhansted  the  pro-  '^'^^■ 
duction  shoold  show  a  falling  off.     With  the  gradual  introduction  Production, 
however  of  more  elaborate  and  through  methods  for  mining  the  poorer 
parts  of  the  gravels,  and  with  the  discOTery  and  working  of  quarts^ 
deposits  a  gradual  increase  in  the  output  should  set  in,  thus  repeating 
the  history  of  most  di&tricts  on  the  continent  starting  in  a  similar  way. 
NeiU'ly  79  per  cent  of  the  production  of  the  whole  of  Canada  in  1901 
was  derived  from  placer  diggings,  as  compared  with  84  per  cent  in 
1900,  while  the  proportion  of  the  output  from  lode  mines  increased 
from  16  per  cent  to  21  per  cenL     The  output  from  lode  mines  in  1900 
was  $4,349,492  and  in  1901  (5,143,403.     The  plaoer  output  in  1901 
was  (18,985,100  of  which  $18,000,000  came  from  the  Yukon  and  the 
balance,  with  the  exception  of  a  small  quantity  from  the  Saskatchewan 
river,  was  obtained  from  British  Columbia. 

The  varioas  provinces  contributed  to  the  total  in  1901  in  about  the 
following  proportions.  Yukon  district  76  per  cent,  British  Columbia 
22  per  cent,  Nova  Scotia  2  per  cent,  and  Ontario  1  per  cent. 


Tabu  1. 

PsMncca  Mktalb. 

(tOld— AmniAL  Produotion  m  Canada. 


CalendAT  Ye«r. 

•Onnoes. 

Fines. 

1 
Value. 

1887 
1888 
1889 
1890 

5T,46S 
53,150 
GZ,e58 
55,626 
46,022 
431909 
47,247 
64,606 
100,806 
133,274 
291,582 
668,440 
1,028,620 
1,350,170 
1.167,320 

«                M 

10 
iO 
'6 

L4 
tt 
13 

<e 

•          'i 

r4 

16 

1  » 

2  U 

2        a 

2            » 

1894 
1896 

less 

1899 
lUOO 
1901 

CftlculAted  from  the  value  at  the  rate  of  $20,117  perouooe. 
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OIOLOOICAL  fiUBTII   OF  CANADA 
Tabu  S. 

PlBOIOl'll  lllTAUI. 
■ION   BT  PlOVtNDn  AND  DtRKIOIB,   CAtXNDAB  Y«4B  1001. 


NoTaHootia (6) 


North  wut  Territ' 
Ynkoa  Dbtrict . . . . 
SaakmlcliewAn  river. 

Britith  Columbik 


*  CiJoulMed  from  the  ntlua  M 
|a|  Placer  gold. 
(A)  Gold  from  rein  mining. 
(t)  As  follows  :  <iiold  from  plac 


Nova  Soolia.    NoTA  ScOTIA  : — 


The  gold  output  of  thia  province  is  obtained  eatiraly  from  free- 
milling  qu&rtz  ores  and  the  production  haa  never  reached  very 
large  proportions,  having  varied  for  many  yeare  between  quarter 
and  a  half  million  dollars. 

The  etatisticB  of  gold-production  are  given  in  Tables  3,  4,  5  and  6. 
Table  3  shows  the  annual  gold  output,  Table  4  the  tons  of  quartz 
crushed,  and  the  average  yield  per  ton,  in  Table  0  the  total  product  of 
each  district  from  1862  to  the  end  of  1901  u  exhibited  m  well  as  the 
average  yield  per  ton,  and  Table  6  shows  the  amount  of  ore  cmsbed 
and  the  yield  per  district  for  1901. 
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Tabix  3. 
FBioioua  HmALH. 
> ;— Nova  9ootu— Aknval  Fboduotiok. 


CalendAf  Year. 

Value. 

CAteodw  Yeai- 

Value. 

1862 

1863. 

1864 

1860. 

1886 

1867 

1868 

1869. 

1870. 

1871. 

1872. 

1871 

1874. 

1876. 

187R 

♦141,871 
272,448 
390^349 

491,481 
632,663 
400.556 
348,437 
387,392 
374,972 
265,349 
231,122 
178, 2i4 
218,629 
233,685 
^205 
245,263 
266;  3S8 
267,823 
309,766 

301,307 
313, 6M 

610,029 
474,990 
461,603 

389,966 
sailOGB 
389,3.18 
463,119 
493,668 
662.166 
6.18,600 
617,604 
698,663 
64^903 

1883. 

1885. 

lie?:::;:;-::::- 

1888. 

1889 

1890 

1891 

1892. 

1893 

1896. 

1896. 

IS 

1879. 

1880. 

1900...    .    

Froduotion. 
Nora  Sootin. 


Tabli  4. 

PBBOIOUIt  METAU. 


QoiD  :— No 

A   SOOTIA, 

Ore  Tmatee)  and  Yikld  of 

JoLn  PER  Ton. 

Calendar  Year. 

Ton. 
Treated. 

Yield  of 

Gold 
per  Ton. 

Calendar  Year. 

Ton> 
Treated. 

Yield  or 

Gold 
per  Too. 

6,473 

17.000 
21.431 
24;421 

32,167 
31.384 
32.259 
36,144 
30,824 
30,787 
17,089 
17,708 
13.844 
14,810 
16,490 
17.369 
17,989 
15,936 
13,997 
16,666 

921 '91 

1602 
18-21 
20-32 

16-28 
16 '9G 

13  41 
19  91 
12-66 
12-17 
1494 
1305 
12-87 

14  76 
16-08 
18-95 
13-63 
16-83 
18'42 
12-86 

21,081 
26,964 
26,186 
28,890 
29,010 
32,280 
36,178 
89,160 
42;r49 
36,351 
32,61^ 
42,354 
65,367 
60.600 
69,169 
73,192 
82,774 
112,226 
87:890 
91,948 

1863 

1883 

1884 

11 
12 
14 
15 
12 
12 
13 
11 
12 
11 
8 
7 
7 
7 
7 
6 
6 
6 

60 
44 
98 
70 
81 
OS 
03 
11 
42 
98 
99 
04 
47 
13 
68 
BO 
60 
66 

1866 

1866 

1867 

1868 

1869 

1870 

1886 

1887 

1891 

1876 

1876 

1877 

1878 

1879 

1898 

1896 

1899 

1900 

18S1 
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Tablb  e. 
PHKTOVa  Mrau. 

GoLn :— Nova  Sootu.— Pkhwotion  of  tub  DtrrsBXHT  DtBTBicn  fbom  IMS  tc 


Brookfield    .... 

Centnl  R«w<)oii 
FifteeD-mile  Stn 

KilUg 

LftkftCatoba      . 

M&hg* . 

MonUgfue 

Oldham 

Reatnw.. 

Salnun  River  . . 

Bherbrooke 

StomMDt . 

Taofiei 

Wfcieriy 

Wine  Uubour . . 

WhiMburn 

Other  dutriota. . 

From  Uilingi,  ko.... 


TaoaOt 

Oro 
Cniihad. 


60,474 
I37,<»6 
1S,S40 
40,280 

i,sei 

17,01S 
S4,ffl7 
20,878 
49,BS7 
49,»4B 
103,002 
364,131 
SIS,  400 
88,207 
08,192 
138,990 
00,336 
7,378 

s3,eor 


4fi,9e8 

10,121 
1S,13£ 


33,898 
148,477 
78,700 
22,408 
39,!I88 
66,112 
36,422 
1(^218 
08,309 

764,163 


Value 
at  919.00 


YiddpHJ 
Ton  of 

2,0(i0  1b*., 


033,008 
873,214 
192,310 
344,!^ 
37,381 
264,487 
327.962 
761^106 

i,oi2;eeo 

795,008 
644,068 

2,821.068 

1,498,266 
437,467 
769,787 

1,206,137 
673,031 
194,100 

1,100,900 

14,019,009 
8,806 


!8'B0 
10-04 


2044 
16  BS 
6-22 
10-68 

610     ; 

U17  I 
13.06  I 
9-04 
12- 16  ' 
36-S2  ' 
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SECTlOtr  OF  HIMBS 

Tabu  & 

Prboiocs  MrrAui. 
—Nova  Scotia,  Diarsiot  Dbtailb— Calbboas  Yrab,  1901. 


Digtricta. 

1 

is 

.  1  '^°^<"      ToUI  Yield  of 

=  1       1 

Avenge  Yield 
of  Gold 
par  Ton. 

BlockboQW 

Brookfield 

Cwibou 

Harrigan  Cove 

LAkeCAtclu. 

Leip««»U. 

MAkga  Batreiu 

MiUsViUogB 

MonOgrue 

2 
2 

7 

1 

6 
3 
3 
2 
1 
1 
S 
1 

=* 
4 
I 
4 
2 
S 
10 

465 

7,615 
7,037 
4,107 
1,856 
1,286 
349 
642 
380 
640 
660 
17,801 
29,664 
536 
1.736 
13.523 
8,856 
1,157 

Ok.   Dwt.  Qn. 

808    ..     .. 
2,834      4    .. 
2,037      1      1 
3,696      6     9 

973      3    .. 

604    14      B 

320      9      7 

520    ..     .. 

S49    14      9 

364      2    10 
1,694      9    .. 
2.985    16     3 
5,692    10    ,. 

201       5     .. 

940    .,     .. 
3,<M4    10    12 
1.269    16    12 

460    18    .. 

Ot  Dwt.  Qra. 

1        14    18 

7    13 

5    18 

12    U 

in  12 

9    10 

18      9 

16      6 

18    11 

..         11      9 

3       12    .. 

3  10 

5  IB 
7    12 

10    19 

4  21 

6  10 

7  38 

Tanker 

UniMke. 

Waverly 

Wine  Harbour. 

Total 

m 

S2 

91,348 

27,686    18    20 
37    12    17 
425    16      9 

6    11 

C^anids    pfDcew    (Tail 
Total 

2 

7.445 

28,049      7    22 

Hold. 
Nova  Sootia. 


'Tributen,  Ac.  t  ApproxiniBte. 

Quebec.  (1 

No  returns  of  production  from  placer  deposits  were  received  for 
1901.  The  anuUl  outpat  of  $3,000,  credited  to  this  province  repreaents 
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OKOLOtilCAL  SURVEY   OF   CAKADA 


Pbkiiovh 
Gold. 

vaJuea  recovered  from  th«  pyrites  it 

ined  primarily  as  Eulpbur 

the  Eastern  Townships. 

Quel«. 

TABIX7. 
PBKIODH  Ub-TAU. 

GoLn-Qura«o-AKKCAL  pBODccnoN. 

CJendw  Yew.         V.lu*. 

Calendu  Year. 

Valne. 

.«» 

«1,3M 
1,800 
12,967 
15.696 
29,196 
1,281 

6,089 

1878 

1«79 

IttUO 

!  18M 

■  1882..' 

IWB 

1S»4 

ISW 

IfWU 

17,937 
23,972 
33^174 

fS6.661 
17,093 

17.7N7 
8,730 

2,m 

3,(181 
1.&H 
3.740 
1,207 

1«'l 

1892 

1896 

1B98 

ItWI 

inoo 

1901 

■  1888 .... 

1889 

3.M0 

Oktakio. 

Production  of  gold  in  OnUrio  in  1901  amoanted  bo  oaiy  t244,837, 
of  which  $131,044,  was  obtained  from  the  Belmont,  Deloroand  Qatling 
Five  Acres  mines  in  Peterborough  and  Hastings,  ooaatiee  the  balance 
having  been  derived  from  the  niinee  ol  nortb- western  Ontario^  more 
particularly  from  the  Mikado,  Sultana,  and  Sakooee. 

Tabu  8. 

Phbceous  Mhtal»i. 

G.)Li>— OKTAsro— A\si-AL  PnouL-cnoN. 


Calenditr  Yew. 

(fine). 

V»loe.      ' 

ie«7 

1B8B 

827 

*   6,760 

1891 
1892 

97 
344 

roe 

1,917 
3,016 
6,663 
9,168 
12,864 
20;39B 
14.392 
11,846 

2,000 
7,118 
14,637 
M:624 
62.320 
116,000 
189,294 
269,889 
421,681 
297,496 
344,837 

1896 
1897 
1898 
1HW9 

*  Cnlculated  from  the  value  at  920  67  per  oi 


ib.  Google 


*.] 


117  s 


liroKrH-WBBT  TZRRITORIES. 

Mbtals. 

The  gold  fields  of  the  Iforth-west  Territories,  to  which  ftttention  ^^  , 
hu  80  far  been  chiefly  directed  are  confined,  to  the  alluvial  workings  j,^. 
of  the  Saakatchewan  river,  and    those  of  the  Yukon  river  and  its  Territorien. 
tributaries.  The  difficulty  of  obtaioiDgaDything  like  accurate  statistics 
of  the  output,  from  such  deposits  as  these,  where  thousands  of  men 
ftre  independently  engaged  in  mining  the  precious  metal,  will  ba  easily 
reoognized.     Uncb  of  the  Ssakatchewaa  river  gold,  finds  its  wny  to 
the  local  banks  and  a  basis  for  an  estimation  of  the  product  is  thus 
found,  while  the  greatnr  part  of  the  Yukon  gold  is  ultimately  sold  at 
the  different  receiving  offices  of  the  United  States  mint.     The  receipts 
of  the<e  offices,  taken  in  conjunction  with  careful  estimates  by  govern- 
ment officers,  bank  managers,  and  transportation  companies  at  Dawson, 
furnish  a  means  of  estimating  the  Yukon  output,  probably  as  accurately 
as  it  is  possible  to  obtain  it. 

Statistics  of  production  in  the  district  sinoe   1S87  are  shown  in 
Table  9. 

Table  8. 

Prboioub  Mbtals. 

Gold— NoBTH-wKST  TKBwroBiBa— Pboouotion. 


Calendjir  Yeu. 

YnkoaBiMriot 

*Oanc8«. 
(fine). 

VkllHL 

(flue). 

Vrfue. 

18SS) 

1886/ 

1887. 

4,898 
3,387 

r.98e 

4,233 

8,mG 

8,047 
12,090 
14.614 
120,948 
483,798 
774,069 
1.077,649 
870,827 

« 

100;000 

70,000 

40,000 

176,000 

175,000 

40.000 

87,600 

176,000 

126,000 

260  000 

800,000 

2,600.000 

10,000,000 

16,000,000 

22,27^000 

18,000,000 

t 

102 

68 

968 

I'M 

286 

608 

466 

728 

2,419 

2,661 

2,419 

736 
242 
726 

2,100 

taoo 

20,000 
41000 
6,600 

10,608 
91640 

10,000 

60,000 

1889. 

1890. 

im 

1833. 

1895. 

1901 

8,401,717 

70^813,600 

13,689 

282,946 

'Oalculated  from  the  value  at  (20.67  per  oance. 
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A  Btfttement  compiled  in  the  Timber  And  Uines  branch,  and  publish- 
ed in  the  report  of  the  Department  of  the  Interior  ehowing  the  total 
gold  prodoctiou,  the  total  exemption,  the  total  amoant  apon  which 
the  royaltjr  was  collected  and  the  amount  of  royalty  paid,  as  shown  by 
returns  from  May  1st  1898  to  June  30th  1901  is  giivon  below.  Compa- 
rison with  Table  9  will  show  that  quite  a  large  proportion  of  the 
Yukon  output  escaped  the  royalty  dues. 


Month. 

Tot;i 

(iold  Produc- 

Tot*l 

Roydty 
Collected  on. 

1 

1RU8. 

M»y 

■Fnne.. 

«         ct«. 

4.^277  00 
3,027,196  20 

%        eta. 

10,860  00 

S42.5.W  00 

•         cts. 

34.427  00 
2.688,501  20 

•     <:t».   '■ 

3,442  70 
269,860  12 

Two  montU 

3.072,773  20 

353,400  00 

2,732,928  20 

273,292  82  J 

■Mv- 

Auiriist 

92M.818  00 
3ii5,04n  W 
251,547  TO 
13.1)69  6G 
4,861  56 
8,710  56 

135,000  00 

140,000  00 

64,540  00 

2.496  00 

2.912  00 

624  00 

793,8)8  00 
265,040  50 
187,007  70 
11,173  66 
1,939  66 
8.09S56 

79,381  80  1 
26,504  56  . 
18,700  75  , 
1  117  37 

Nov™U-r 

Dwt-mlwr  ....     

19S  9.-, ; 

809  55  ' 

.Six  month. 

1.602,631  96 

845,572  00 

1,267,079  96 

125,707  97  1 

1899. 

Jbhuut 

March    

^,K' 

6,662  76 

4,808  29 
16,431  40 

43.889  67 
844,606  18 
0.064,282  86 

4,781  CO 

634  00 

3,962  00 

15,400  00 

180,703  00 

1.148,622  02 

1.768  76 
4.244  29 
11,479  40 
28,489  67 
663.903  18 
3.916,660  84 

1 

176  94  ■ 

424  41  1 

1,147  98  1 

2,848  92  1 

66,390  28  ! 

391,565  92  | 

Jtine 

.Siimmithii 

6  979,631  06 

1,364.085  02 

4.626.546  01 

462.664  40  j 

July  

664,206  72 

1.5?1,708  96 

9-J4.907  09 

371,947  «2 

:7fl,69!l  48 
81,631  76 

208,380  62 
311,740  16 
187,413  99 
63,863  02 
2!l,n88  48 
31.076  20 

4!Se.824  90 

1,209,968  80 
737,493  10 
308,084  80 
147.511  00 
62,555  60 

46.582  4&  ! 

120,996  88  1 
73,719  31  . 

SepU'iiiiicr 

Noi^ber 

14,751  10 
6,256  55 

Six  mcHithB 

3,743,900  83 

832,*2  73 

2,911.438  10 

291,143  81 

1900. 

] 

Kr-hniao- 

Mnreh 

42,179  G2 
06,9(>H23 
S9,8;«  70 
706.866  25 

r>.oo9,no  01 

10,333  22 
42.600  33 
21,667  80 
313,612  65 
1,272.137  91 

^846  40 
64:467  90 
38.171  90 
48.').  223  60 
3.797.672  10 

2,284  64 
5,446  79 
3i817  19 
48,.-l22  36 
379.757  21 

April    

S::::,:.::-::::: 

Sixmonthn 

0,06.1,563  81 

1,869,281  91 

4,396,281  90 

439,628  19 
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SKCTION  OF  NINES 


MO.NTH. 

Tot»l 
tkm. 

Total 

ColUctedoB. 

W 

Phjwiouh 

Gold. 

North-we«t 
Terrilorie*. 

1900. 

Jxiy  

4-^^ 

2,346,440  M 
1,354,543  88 
1,012,731  48 

378,991  50 
63,691  79 
14,596  47 

$             CU 

410,399  99 

137.500  00 
91,100  00 
40,000  OO 
38,600  00 

t        cto. 

1,996.040  65 
1,219,148  10 
921,6.10  90 
338,990  17 
26,091  7a 
14,696  47 

>      CM. 

193,707  36 
131,914  81 

92,163  09 
31,772  78 
2,509  16 
1:459  B4 

Dumber...           /": 

8k  monCh*  

1901. 

JanuMJ 

Febroiry 

M.roh 

^::.:::' :::::::: 

5.170,894  76 

717,499  99 

4,465,497  08 

443,626  68 

28,486  81 
34.!'S3  53 
13,651  91 
66,166  32 
183,953  76 
.%6C5,015  71 

10,000  00 
10.000  00 
2,500  00 
6,000  00 
40,833  33 
1,141,833  30 

18,486  81 
24,923  63 
11,161  91 
60,156  32 
143,119  67 
3,523,182  41 

1,8K65 

2,492  34 
1,116  23 

6,015  63 
10,728  39 
126,950  06 

Sii  months 

3,901,188  OS 

1,210,166  63 

2,781.020  66 

149,134  SO 

Sbitish  Coluubia. 

Britiab 
Columbiiu 

$6,318,703  in  gold  wae  produoed  from  the  mines  of  British  Columbia 
in  1901  of  which  amount  18  per  cent  or  9970,100  was  obtained  from 
placer  vorkings  and  $4,346,603  from  lode  mining. 

Statistics  of  production  are  given  in  Tables  10  and  1 1. 
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Table  10. 
pucioch  mctalb. 

(■OLD— BUTIBH-CoLCMBU— ANHOAI.  PwJUCCTlOS. 

Cftlendu-  Yeu.  Vdue. 
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SICTIOM   OF  miTKS 
TABUt  IL 

PBBOiova  Mktalb. 
Gold— Rbttibb  Coldmbia— Fboddotioh  bt  Dibtriots— 1901. 


Diaruore. 

QOLD,   PUOBR. 

QoLD,  LODB. 

OnnoM. 

V»l»e. 

Chmces. 

V«liie. 

C«iboo: 

13.980 
1S,0D0 

9W 

16,000 

i::40 

B30 

40 

279,600 
240.000 
19,100 

300,000 
22,800 

12.600 
800 

• 

Ominec*       

Atlin  Lake  DiriaioD 

Allotber 

Fort  Steele  toivisioii 

B 

lOS 

Weet  Kootenu' : 

63 

82,868 

244 

132,333 

234 

1,070 
37,388 

1.312 

2,T3fc828 

4,837 

2it,3(» 
772,810 

Another.,..' 

LiUooBt.  

Yale: 
Qnnd  Forks  &o 

Oouit  ud  other  DiBtrida. 

ToUl 

100 
1.304 

aso 

2S4 
2,272 

600 

,000 

3e,ow 

5,000 
4^680 
46,440 

12,000 

18 
6.152 

370 
127,162 

48,(i0& 

970,100 

810,384 

4,348,608 

The  main  features  conceraiog  the  progreea  of  gold  mmiag  in 
BritUh  Columbia  during  the  year  are  well  summarized  bj  Hr.  W.  F. 
BobertBOD  the  Provincial  Mineralogist  in  the  report  of  the  Minister 
of  Mines  for  the  province  as  follows  : — 

Placer  Mining ;—"  The  placer  gold  output  for  the  year  1901  was 
1970.100,  a  decrease  from  the  previous  year  of  (308,624.  This  is 
accounted  for  hj  the  fact  that  the  Atlin  production  has  again  eufiered 
a  serious  diminution ;  the  ordinary  placers  are  mostly  worked  oat,  and 
the  hydraulic  companies  which  should  have  been  at  work  making  an 
output,  have  managed  to  get  into  litigation  among  themselves  and 
with  individual  miners  so  that  the  season  was  practically  lost.  It  is 
hoped  and  expected  that  by  next  season  the  existing  plants,  and  those 
now  under  ooostmction,  will  be  able  to  work,  and  if  so,  the  output  of 
the  camp  will  certainly  be  doubled." 
U— a— 9 
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"The  Cftriboo  district  ahowa  &  oonsiderably  dacreaeed  prodoction, 
which  ia  due  almost  eatirely  to  the  small  output  of  the  1ar;rest  com 
pMiy  in  the  district,  the  Cariboo  ConBolidated,  which  through  shortage 
of  water,  was  only  Able  to  work  a  part  of  the  Heason.  Thin  shortage 
of  water  was  occasioned  bjr  the  aSdden  melting  of  the  snow  in  the  spring, 
leading  insufficient  water  for  the  latter  part  of  the  season.  The 
snow  usually  retained  on  the  mountains  is,  as  a  rule,  a  sufficient  re- 
serve supply  to  laat  tbrongh  the  season,  but  last  year  this  all  melted 
al  once  causing  spring  freshete  and  a  dry  summer  season.  The  smaller 
companies  in  the  district  did  well,  and  with  a  normal  snowfall  and 
spring  all  should  make  a  very  good  showing  next  season. 

"  A  small  output  has  been  made  from  the  Liard  division,  but  as  last 
year  was  the  first  year  of  the  operations  of  the  hydraulic  companies 
there,  moat  of  the  work  was  preparatory  and  of  the  nature  of  develop- 
ment. 

"  On  the  coast  oertain  deposits  of  black  sand  have  been  worked  to  a 
profit  but  have  not  made  the  output  expected. 

"  Dredging  for  gold,  although  it  continues  to  receive  much  attention 
and  larjie  amounts  have  been  invested  in  capital,  has  not  as  yet  yielded 
any  very  material  return  or  output.  That  the  gold  exists  in  the  beds 
of  many  of  the  rivers  in  considerable  quantities  has  been  conclusively 
proved  many  times,  but  the  difficulty  seems  to  be  to  save  it. 

"  It  might  he  pointed  out  that  ia  every  instance,  as  far  as  is  known, 
the  dredges  operating  in  Britinh  Columbia,  work  up  stream  and  it  is 
very  questionable  if  such  a  practice  is  heat  suited  to  the  conditions 
here  prevailing,  or  whether  they  should  not,  on  the  contrary,  work 
down  stream. 

"  In  most  of  our  rivers,  dredging  is  done  under  the  following  condi- 
tions, viz.:  a  swift  current,  numerous  boulders,  fine  flaky  gold  to  be 
recovered,  and  finally,  a  bard  nndredgeable  and  uneven  bedrock. 

"  It  is  submitted  that  under  these  conditions,  a  dredge  working  up 
stream  cannot  be  expected  to  save  or  take  np  all  the  gold.  The  agit- 
ation of  the  river  bed  by  the  buckets  is  great,  and  the  gold  will  and  is 
bound  to  settle  into  crevices  in  the  bedrock.  A  very  small  crevice  may 
hold  the  profits  of  a  moath,  from  which  in  a  hard  bedrock  it  is  impots- 
sible  for  a  dredge  to  recover  it.  Any  gold,  once  raised  and  afterwards 
dropped,  is  swept  by  the  force  of  the  current  back  of  the  dredge  and 
bucket  and  is  consequently  lost.  On  the  other  hand,  in  working  down 
stream  a  '  face '  is  formed,  which  will  be  more  or  less  inclined  ;  the  gold 
is  swept  from  the  bedrock  on  to  this  inclined  face  of  removable  material 
aod  would  be  taken  up  in  a  subsequent  bucket  load, 
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"Lode  Ooldifining. — Placer  mining  isofaeoMsity,  dependent  on  the  Phkhocs 
weather,  and  is  as  variable  in  this  proviooe  as  that  commodity,  but  in 
lode  gold  mining,  as  the  mines  develop,  the  output  becomea  as  regular  ^^ 
as  the  output  of  a  manufacturing  business,  and  it  is  to  lode  mininf;  ^n*^^  . 
that  the  province  is  indebted  for  its  ever  increasing  gold  production. 
In  1901  the  lode  mines  of  the  province  produced  $4,346,603  in  value 
of  gold,-an  increase  over  the  previous  year  of  $895,222  or  26°/,-  When 
it  ia  remembered  that  this  increase  follows  an  increase  in  1899  of 
about  30°/ „  and  in  1900  of  2I7,i   ^  fair  idea  may  be  formed  of  the 
development  and  growth  of  the  industry.     This  great  increase  ia  due 
first  and  chiefly  to  the  development  of  the  Boundary  district,  but  the 
increased  tonnage  of  the  Rosaland  and  Nelson  districts  has  also  had 
its  effect.     Approximately  thia  gold  has  been  derived  from — 

Direct  smelting  of  copper-gold  ores $3,474,738 

Combined  amalgamation  and  conoentration..      873,866 


Total $4,348,603 

It  may  be  said  that  no  absolutely  'free-milling'  gold  property  is 
worked  in  the  province ;  they  all  carry  sufficient  values  in  sulphides 
to  necessitate  the  saving  of  ^uch." 

The  following  tables  ehow  the  production  of  the  Roasland  mines 
and  illustrate  the  average  resalts  attained  during  the  past  eight  years. 

Net  Fboduction,  psb  SnuncB  Reiubnh. 


Yeu. 

Ore.  tons, 

2,000  Iba. 

Gold,  ot 

Silver,  OE. 

Copper,  lb.. 

V»lno. 

1894 

1886. 

1896. 

1,BB8 
19,693 
88,076 
68.804 
111,382 
172,665 
217,636 
283,360 

3.72S 
31,497 
60,276 
97,034 
87,343 
102,976 
111,626 
132,333 

6.367 
46,702 
89,286 
110,068 
170,804 
186,818 
167.878 
970,460 

106.229 
840.420 
1.680.636 
1.819,686 
6,232,011 
^69^,889 
2,071,866 
8.33S.446 

•    76,610 
702,469 
1.243,360 
2,097,280 
2,470,811 
3,229,086 
2,789,800 
4,621,299 

1896. 

1899. 

1900. 

Total 

913,371 

621,796 

1,746.872 

28,678.081 

17,179,106 

U-S-4J 
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Gold. 

Britiih 
Columbia. 


Atxbaos  Nr  SifiLm  Rrvkhb, 

OB  Atrtvu.  Y«LD 

■mToN. 

T-,. 

Gold. 

SilTcir. 

Copper. 

Value. 

OuDoea. 
2-00 
1-60 
1-40 
1  43 
■78 
696 
BIS 
■467 

Ouncw. 
289 
8  41 
381 
I'M 
I'M 
1-07 
7«9 
3-424 

y 
1 

as 

10 

oe 

83 
3B 
66 
476 
470 

»ct>. 
40  60 
-      3667 
83  66 
30  48 
83  10 
18  70 
12  68 
16  31 

l«tt 

Av«nge  913,371  ton*. 

■681 

1-911 

1-406 

18  81 

SiLTKB. 

The  prodnctioii  of  silver  in  Guada  in  1901  unoanted  to  6,939,193 
onnoee,  Tklned  at  $3,265,364  or  66,99  oente  per  onnoe,  the  a.vvr*gt 
market  Tslne  ot  the  metal  for  the  jrear  in  New  York.  The  increase  of 
the  year*!  oatpat  as  compared  with  1900  wai  1,070,967  ooncea,  thongh 
atill  leaa  than  the  ontput  of  1897  by  19,264  onncea. 

Statisticfl  of  production  of  aUver  are  shown  in  Table  13. 


Tabu  U. 

PRKiiDcrs  Uktal*. 

SiLvnt :— Ahnval  Pboductioh. 


i 

OtTTAKO, 

QuMia 

BBlTtBS 
COLDHBU. 

Total. 

0^ 

Vdue. 

Ounow. 

Vtloe. 

Chmoea. 

Vriao. 

Ounom. 

V«Iue. 

1887.. 
1888,. 
1889.. 
1890,. 
1891., 
1893., 

190,486 
306,064 
181,609 
168,716 
226,633 
41.681 

•186,304 
196,680 
169,986 
166.016 
222:926 
36,426 
8.689 

116,808 
149,388 
148,617 
in,646 
186,684 
191,910 

■  m,m 

ai,76S 
70,000 
80,476 
74,932 

•143,666 
140,426 
139,012 

wisso 

63,309 
«^942 

48,116 
43.666 

17.890 

79,780 
63.192 

70.427 

•17,901 

74,993 
491787 
73.866 
^,266 
67.692 
196,000 
470.219 
976.930 

866.083 
437,232 
383,318 
400,687 
414,623 
810,861 

•347.271 
410,998 
368,786 
419.118 
409.649 
373.190 
330^128 
634,049 

1.080,299 

IK 

2.6W,929 

847,697 
1,678.276 
8.206.S43 
6,668,446 
4,462,383 

1897., 
1898,. 

6,000 
8^000 

2,990 
4B;621 

6.472,971 
4,292.401 

8,272.289 
2.600.763 
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PBOTtNck 

1899. 

1900. 

IBOl. 

PBEdODB 

SUver. 

OuDcee. 

VbIhs. 

Ouac(«. 

Value. 

Ouncei. 

Value. 

ProducUon 

BritiBhCoI'mbU 

«,231 

202,000 
230,000 
2,939.413 

823.970 

120,3C2 
137,034 

1,751,302 

58,400 

161,660 
290,000 
8,958,176 

•86,817 
99,140 

177.867 
2,427,648 

41,469 

161,400 

195,000 

5,161,333 

»24,4«J 

89,260 

114,953 

3,036,711 

3,411,644 

2,032,868 

4,468.225 

2,740,362 

6.639,192 

3.265,364 

The  silver  produced  in  the  province  of  Quebec,  is  represeiited  by  the 
small  amonut  contained  in  the  pyrites  ores  mined  in  the  vioiuity  of 
CnpeltoD  in  the  "  Eastern  Townships  ",  The  pyrites  is  extracted  pri- 
nuuilj  as  a  source  of  sulphur  for  acid  making,  but  the  silver  is  saved  as 
a  by-product. 

The  principal  source  of  silver  produced  in  Ontario  since  1887  has 
been  the  West  End  Silver  Mountain  Mine,  situated  south-west  of  Fort 
Arthur,  in  the  Thnnder  Bay  district. 

The  outpnt  of  silver  credited  to  the  Yukon  district  during  the  past 
three  years  represents  the  silver  carried  by  the  placer  gold  obtained  in 
this  district. 

British  Columbia  has  since  1894  supplied  the  greater  part  of  the 
silver  production  in  Canada,  the  proportion  of  the  total  in  1901  being 
nearly  93  per  cent. 

The  output  by  district  for  the  past  thr«e  years  has  been  as  follows  : — 


District. 

1899. 

1900. 

1901. 

Ounces. 

Ounces. 

OancsB. 

718,461 
34,181 

324,913 
377.167 
2,2r6,259 
970.460 
133.774 

241.489 

74 
74.483 

Kootenay  Kast- 
Fort  Steele  division 

38,616 

i;627 

268,165 
483.659 
1,891,025 
185.818 
48.463 

„;» 

47 
24,368 

960,411 
2:219 

352,167 
109,870 
2,121,176 
167,378 
96,416 

112,146 

Kootenay  West- 
AiMwortb  divisbn 

Slooan              

Other  divieioiu 

Yale 
Owiyoos  division 

Coast  and  other  districts 

36,393 

2,939.413 

8,968,176 

5,151.333 
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There  was  a  falling  ofi  in  the  oatpat  of  silver-leftd  one  in  1901  with 
m  oooseqnent  diniiantioa  in  the  prodnctioa  of  silver  in  several  of  the 
districts  prodadng  sUver-leMl  oree.  This  however  luu  been  more  th4a 
nude  op  bj  the  incrassed  ontpnt  of  silver  from  the  Trul  Creek, 
Bonud&ry  uid  OoAst  districto,  etc.,  chiefly  from  oopper-silver  and  gold- 
copper-silver  ofm.  The  total  silver  output  from  Trail  Creek  mines  in 
1901,  was  over  five  times  what  it  was  in  1900.  There  was  of  course 
a  considerable  increase  in  tonnage  of  ore  handled,  but  there  was  also 
a  very  remarkable  increase  in  the  silver  contents  of  the  orea ;  while  in 
1900  the  Trail  creek  oree  smelted  averaged  oa}y  .769  of  an  onnoe  ol 
silver  to  the  ton,  the  output  of  1901  averaged  3.424  onnces  per  ton. 

The  following  tablee  show  the  oatpat  and  average  yield  per  ton  of 
the  Slocan  mines  for  the  past  seven  years. 


Nrr  PsoDDtnoH  p 


1  Shcltib  RvroHHit. 


Year. 

Ore,  Ton., 
2,000  lU. 

SUver 

L«d, 

Iba. 

Gold. 
ax. 

Valu«>. 

leae. 

9,614 
16,fS60 
SS,B67 
30,691 
21.007 
ai,020 
28,483 

1,122,770 
1,964,266 
3,641,287 
3,068,648 
1,891,026 
2,121,176 
2,276,289 

9,606,324 
18,176,074 
90.707.706 
27,063,696 
16,660,910 
19,36^743 
16,026,709 

6 
162 
193 
60 
14 
6. 
344 

»1,040,600 
1,864,011 
8,280,686 
2,619,862 
1.7*0.872 
2.063,906 
1,866,762 

1897. 

18ML 

leoB. 

1900. 

ie2,85a 

16,076,423 

186,006,110 

074 

14,470.181 

Year. 

Silver. 

Lead. 

Valuei. 

1896 

118 
118 
106 
100 

87 
83 

Ooi. 

60 '8% 

64ax 

40-7S 

m 

$100  90 
111  96 

97  73 
85  86 
60  92 
80  87 
73  19 

AvecM(efor»evBny'np. 
102ite2  ton. 

9870.. 

41-9% 

•88  86 
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The  value  of  aitver  ores  exported  is  given  in  Table  1 3  following.         ^ 

Table  13. 
PaaoionB  Mstau. 
Sn,TBB— EiFosm  OP  Obk.  * 


Silver. 
ExportH  of 


ClentUr  Ye«. 

Vidue. 

Ckleodkr  Ye«r. 

VklDB. 

ISM 
1S8T 
1888 

1SS9 
1890 
1891 

lesa 

1893 

• 

26,957 
206,284 
219,008 
212.163 
204,142 
225,312 

Ce,688 
213,696 

389,731 
994^364 
8,271,969 
3,678,891 
2,^277 
1,S23,90B 
2,341,872 
2,026,727 

1895 

PYRITES.  PTBiT£a. 

The  oabpnt  <A  pyrites,  statistics  of  which  are  shown  in  the  acoom-  FroductioD. 
panying  table,  is  almost  altogether  the  product  of  the  mines  (d  t^e 
Enstis  Miuing  Company,  and  the  Nichols  Chemical  Co.,  situated  in  the 
Eastern  Townshipa,  province  of  Quebec.  Dating  the  past  two  years 
however,  there  his  been  a  small  output  of  iron  pyrites  from  the  vicinity 
o£  Bamiookbam,  Ont. 

Table  1. 

PiBIMB. 

Aknl'al  Pboductios. 


C»lend»tYe»r. 

TraiB. 

2,00011m. 

Vftlue. 

42,906 

38,043 
63,479 
72,220 
49,227 
67,731 
69,770 
68.642 
40,627 
Silm 
33,716 
38,910 
32,218 
27.687 
40,031 
36,261 

193,077 

m,iM 

286,656 
307.292 

123,067 

1889 

1896 
1807 

101,156 
116.730 

1900 

16(<164 
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Tabu  2. 


I U  POBTO.  — BHIMHTONE 

Ni>  Cbcix  ScLPBril. 

Fuol  Yew. 

PouDdi. 

V»lue. 

3 

2 
2 

s 

t27,«l 
33,966 
«;S29 
36,737 
37:463 
35.043 
A661 
38,750 
2t>,318 
34,006 
44,276 

67.096 
77.216 
61,Bfi8 

BS,96C 
B3,973 
87,719 
573,786 
268,799 
21S,433 
270.6W 

1882 

■[im'.".'.".'.'.'.. '.'.",'.' '.'.'..'. 

1886 

1W7 

1888 

1889 

1891 

1897 

liWO 

D  roll  or  Dour,  uid  sulphui  ij 


SALT. 


The  production  of  salt  in  Canada  in  1901,  according  to  returns 
received,  wm  59,428  tons  valaed  at  ;S262,32S,  a  slight  falling  off  from 
the  production  of  the  previous  year.  The  above  figure  repreeenta  the 
value  of  the  salt  alone,  the  value  of  the  packages  used,  barrels,  baga, 
etc.,  was  over  $8.^,000.  This  salt  is  altogether  the  produot  of  wells 
in  the  counties  of  Essex,  Lambton,  Middlesex,  Huron,  and  Bruce  So 
the  province  of  Ontario. 

Small  quantities  of  brine  are  occasionally  evaporated  at  Flumwe- 
seep,  N.B.,  and  at  I^ke  Winnipegosis,  Man.,  but  nobbing  has  been 
done  at  either  of  these  places  during  the  past  two  years. 
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Salt. 

Anhual  PaoDvcnoN. 


CUa>d>rY«kr. 

Toiu. 

Vriue. 

im 

«3,SS9 

«227,196 

1889 

129,6*7 

161,179 

62,334 

ISM 

6T.199 

170,687 

189fl 

43,960 

169.693 

57.142 

248,639 

1S9S 

Kl,339 

204,390 

62,055 

279.468 

1901 

59.428 

262,328 

Salt. 
Production. 


Tabli  2. 

Salt. 

EXFOBIS. 


CWendAr  Year. 


Bushels.       Value. 


$46,211 
44,627 

18,360 


167.029 
246,794 
224,943 
164,046 
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Tabu  3. 

Salt. 

iKFOma— Salt  Patiko  DrTT. 


FiKklYoi 

.     1    PouncU. 

Value. 

FunlYeu-. 

Po>lDd(. 

Value. 

10 

S           » 
I            15 
IS            i8 

1(           27 
1)           91 
21            39 
11           26 

»69,3U 
65;968 
79,838 
63,338 
^881 
34,560 
33,470 
32,792 
32,839 
30,180 

1881 

6;s56  \lm. 

1883. 

36,223 
38.949 

81,736 
30,18) 

35,670 

ffilise 

38,',>6H 
67,649 

1894. 
1896. 

1897. 
1898. 
1899. 
1900. 



le        n 

IS       n 

V.           H 

ic        n 
11        « 

IE            W 

11            66 
11            « 
11            S3 

11           37 

1889. 



fStit, 
™,      SJt, 

- 

DutF. 

1 
20.494 

6,186 

8,408 

'  V 
To 

in  bulk..., 
£.3.,   in   t»g 

1,   barrelV 

7ic.         „ 

2,391,400 
1,936,784 

11,825,888 

34,087 

Tabu  1. 
Salt. 

Importb— Sai-t  (iOT  pATreo  DuTr. 


Fi^al  Yew. 

PoUDde. 

V«l». 

212,714,747 
231,640,610 
166,iai,962 

246,747,113 
228.390.121 
171,571,209 
180,20^919 
20.1,942,332 

4SB;278 
311,489 
380,144 
321,348 

» 

286,456 
230,976 

263,009 
262.391 
321,389 
314,996 
281,462 
338.300 
332.711 
338.888 
313,117 
203.410 
267.520 
295,263 
339,(«7 

1H84. 

1885. 

18H9. 

180.847,800 
158,490,075 
195,491,410 
201,8.'ll,2I7 
191,595,630 
196,668,730 
201.691,248 
206,006,100 
216.844,484 
202.(34,927 
183,046,865 
193,554,660 
216,271.603 

1891 

1892 

1893 

1894 

1895. 

1896 

1897 

1898 

1900 

1901* 

■SI  any  British  puBSFssioi 
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STRUCTURAL  MATERIALS. 


Under  this  heading  are  comprised  baildiag  Btone,  granites,  marbles, 
alates,  flagstone,  cements,  lime,  &o.,  as  well  as  the  mannfaclnree  of 
clay,  which  include  bnilding  bricks,  tilea,  drain-pipe,  earthenware  and 
coarse  pottery. 

The  industries  based  on  the  atractural  materials  are  so  widespread 
and  are  carried  on  in  bo  many  different  places,  on  various  scales  and 
often  intermittently,  that  it  is  impossible  to  obtain  anything  like  com- 
plete returns  of  quantity  or  value  of  products.  The  figures  of  pro- 
duction are  therefore  to  be  taken  only  as  rough  approximations. 

Tabu  1. 
SmCCTDK&L  Matibiau. 

ANKCAL  PBODDCrnOH  of  BUILDtHO  &TON>.  P 


CUendu  Yw. 

Vtiao. 

CalBDdarYew. 

Vklne. 

»«43,ti09 
l»2.S67 

641,n2 

964,783 
708,736 
609,827 
1.100,000 

IBM. 

1,200,000 

1,000,000 
1,«00.000 
1,300,000 
1,1100,000 
1,820,000 
1.6HO,000 

1896 

189a 

1891 

1892. , 

1808 

1900. 

1801 

Table  2. 

STBUCTtTKAL  MATCKIALB. 

r  SrOMB  Atm  Mahblc,  Wbodoht  and  UKwaouoHT. 


OJendAr  Yeu. 

Wrought. 

Unwrooght. 

1891 

13,398 

46,162 

1893 

1894 

2S,S76 

34,130 

1896 

1896 

32,897 

1898 

2,526 

65,370 

101,931 

1900 

1901 

167,739 

Exportaof 
■tone  uid 


ib.Google 


[mfiorM. 
Building 


OBOLOatCAL  8UBTIT  Of    CANADA    ' 

Tabu  3. 

Snii;cTi-HAL  Matibiau. 

iHFORTa  or  Bi;iLUiNa  Stovi. 


CleixUr  y»r 

Value. 

GalendA  Year. 

Value. 

1880 

•  35,970 
fig,  140 
33,621 

SSosi 

51,0S« 
30,491 
41,675 

lesi 

»170,89C 

flfilsiO 
62.908 
44:283 
M.130 

38.714 

w.m 

48,040 
H533 

! 

1894 

1895 

1886 

1887 

1897 

86,373 
100,314 
13S.lBe 

1889 

1890 

fFlagBtonn,  gnnito  And   rough  [ 
i    drtHwed,  except  marble.    Duty  2 

>r  chieelled.    Ihity  15  p.e. . . 
all   other   buUding   stone 

•46,038 
l,l>39  j 

•46,078 

Tabu  4. 

STRL'im'BAI.  blATC&IALa. 
F   IlAIIL'FACTURm  OF  StOHI  OR  GRANITE,   N.KS. 


•29,408 
86,877 
37,267    : 
46,636  1 1 
46,290  '; 
39,867   I 
41,984 
41,829    I 
47.487    I 
61,341 
84,396 


•61,001 
39,479 
49,323 
49,610 


34.026 
41,240 
60,148 


(Gnuiitw— Sawn  only 
11        Fininhed  and  poliahed. , . 
Maniifacturesof  N.O.P  . 
Pa Wng  block. 
Manufacturea  of  atone,  N.O.P 


.  Duty.  20  p.  c 
..      ..     S6p.o. 

. .       I.      35  p.c 
..      ..     20p.c. 


ib.  Google 


section  of  hines 

Tabu  B. 

Stbuottiiul  Matkbialb. 

Ahndal  Production  op  Mabblb. 


Coleodar  Teu. 

Ton*. 

V«liie. 

eoi 

242 
191 

,s 

240 
340 

690 
Nil. 
SOO 
224 

Nil. 

•9.900 
«;224 
3,100 

980 
10,776 
1,752 
3.600 

1M90 

1891 

1892 

1896 

1896 

3,000: 

Table  6. 

Stbuctdral  Matuuls. 

Imposts  of  Mahbu. 


FbwlYcw. 

Value. 

1800.. 
188L. 
1882.. 
1863.. 
1884.. 
1886.. 

!»: 

163,010 
80.977 
109,B0fi 

128,  rao 

108,771 
102,830 
117.762 
104,260 
H681 
118,421 
99:S63 
107,661 
106,268 
96.177 
94,857 
88,^ 
90,060 
77,160 
95. 894 
101,S79 
94,017 

1888. 

1892,. 
1893. 
1894.. 
189C  . 
1896.. 
1897  . 
1898.. 
1899  . 
1900 

1901 

Marble  »»wn  only 

Duty. 

....      205; 

169,000 
9.242 
4^491 
131426 

Total,  marble  and  manufactures  of. 

.,,'      IB? 
...'      .16% 

•96,169 

ib.Google 


GBOLOOICAL  BUBTZT  OF  CIS  AD  A 

TaBLC  T. 

STSUOTUMAI.  UATnUALB. 

Ahncal  PBOiic<rnoH  or  OBAxm. 


CalendwYnr. 

Tom. 

Value. 

1886 

1887 

ll«8 

18S9 

6.083 
21,217 
21.862 
10.197 
ia.3W 
13.S37 

a4B2i 

16,892 
19.238 
18,717 
10.3«6 
23.897 

•63.309 
142.B06 

79,624 

enloett 

70,086 
89,826 
M,303 

109,996 
SiSSS 

106,709 
81,93* 
Bl,073 

9o;Ma 

80,000 
106,000 

1893 

1836 

l«97 

1898. 

Tabu'  8. 

STRDCmAL  Matikialb. 

Ahmval  PioDconoH  or  Slatt 


Calendar  Yw. 

Tou. 

Vain.. 

1886 

1887 

fcS46 
7,867 

S;SJ 

5.000 
6,181) 
7,112 

89,000 
90^889 
119^160 
100,260 
66)000 
60,070 

9o:s3a 

m:870 
42,800 
40,7» 
83,406 

Sioo 

9,980 

1890 

1894 

1901 

71B 

ib.Google 


BSailOU  OF  HIRSS 
TaBLI  9. 

Stbuotubal  Uatbbiau. 

EsrOBTS  OP  SktTK 


Tot». 

Value. 

1884 

1886 

1886 

ffi::;:::.::;.: 

BS9 
S46 
34 
27 

23 

ae 

12 
16 

87 
178 
187 
36 
801 
Nil. 
Nil. 
Nil 
Nil. 
16,760 

•6,846 

6,274 

496 

873 

47B 

8,  SOS 

16S 

196 

2.038 

3,168 

3,610 

674 

8,913 

NU. 

Nil. 

Nil. 

Nil. 

10,000 

1889 

1890 

1882 

Table  10. 

Structurai.  Matkrials. 

Imports  ok  Siatb. 


Slate. 
EnpOrM. 


FiHslYear. 

Value. 

Fiscal  Year. 

Value. 

1H80.. 
1881.. 
1882;. 
1883.. 
1884.. 
1886.. 
1886.. 
1887.. 
1888.. 
1889.. 
1890.. 

»M,431 

22.184 
24.643 
24.968 
28,316 
28,169 
27,862 
27.845 
23,161 
41,370 
22,871 

446,104 
60.441 
61.179 
29,267 
19,471 
24,176 
21,616 
24.907 
33,100 
63.707 

1892. 

1901 

Duty. 

»     162 

38.009 

17,648 
4,384 
12,084 

School  writing  ila 
Slate  peudlB..... 
Slate  of  all  kinds  a 

ild'^iiiaf«icta(i'rf,'N.E.s! '. 

•72,187 

ib.Google 


ProductiiiD. 


obo  logical  burtit  of  caw  ada 

Tabu  1L 

Btbuctubal  Matkriau. 

Annual  Pioddction  or  Flaobtowi. 


Cd«od>rY«r. 

Vi?- 

VAltM. 

1886 

im 

ies8 

70.000 
116,000 

Rooo 

17.886 
27.300 
13,700 
40.000 
162,700 
80,006 

»  7,878 
11,600 
6.680 
1.400 
1.643 
2,721 

6,710 
4.2S0 

tIooo 

6,250 
4,676 

1891 

IHS4 

1895 

IBW 

IR99..    .    . 

1901 

Tabuc  13. 

StBUCTCML  MATniAU. 

Fi«J  YSAT. 

Ton*. 

Vklue. 

28 

90 

10 

137 

SOB 

1,602 

1,816 

2:642 

1,669 

B;666 

3,770 

'S 

SIS 

IS 

Nil. 

13 

587 

Nil. 

9 

14 

t      241 

848 
99 

SSI 

21.077 

10.461 

48;096 

36,348 

10.048 

8,B00 

2.429 

84 

Nil 

327 

63 
116 

1SH2 

1H83  

lt«6 

1H87 

1»W 

iflw. 

ISM 

1893. 

1S96 

1897 

1898 

1899. 

inoo. 

•1901 

•Pl»g«tcm«rtreMod.    Duty.  30%.    (Sm  table  3). 
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Cement  : — Statistics  of  the  production,  exporta  Kod  importa  of  cement  ^^^^"^ 

are  iriren  in  the  six  tables  following. 

Cement 

The  figures  given  in  Table  13  represent  the  total  sales  and  ship- 
ments of  cement  in  each  year.  The  sales  in.  1901  amounted  to  460,- 
394  barrels,  as  compared  with  417,562  barrels  in  1900,  and  396,763 
barrels  in  1899.  The  total  value  of  cement  sold  in  1901  was  sligbtl; 
less  than  in  1900,  owing  to  the  reduced  prices  prevailing  during  the 
past  year.  A  reference  to  Table  17  will  show  that  the  imports  of 
Portland  cement  have  also  been  inoreasing  rapidly  during  the  past 
few  years,  the  value  of  the  imports  in  1901  being  about  equal  to  the 
home  production,  so  that  only  abont  half  the  demand  is  supplied  by 
the  Canadian  product. 

There  were  four  firma  in  Ontario  and  one  in  Manitoba  making 
natural  rock  cement,  and  the  total  quantity  manufactured  during  the 
year  was  148,626  barrels,  while  the  sales  were  133,328  barrels,  and 
stocks  on  hand  at  December  31,  1901,  16,300  barrels. 

Portland  cement  was  manufactured  by  one  firm  in  Quebec  province 
and  three  in  Ontario,  and  the  total  quantity  made  during  the  year 
was  360,160  barrels.  The  quantity  sold  was  317,066  barrels,  and 
68,094  barreb  were  in  manufacturers'  hands  on  December  31,  1901. 

Following  is  a  list  of  companies  either  operating  or  ereclang  plants 
for  the  manufacture  of  cement : — 

Natural  rock  cement — 

The  Hamilton  Cement  Works Hamilton,  Ont. 

The  Queenston  Cement  Works. Queeneton,  Ont. 

Battle's  Thorold  Cement  Works Thorold,  Ont. 

The  Toronto  Lime  Company Toronto,  Ont. 

The  Manitoba  ITnian  Mining  Co.,  Ltd.  .  .Winnipeg,  Man. 

Portland  cement — 

The  Crescent  Cement  Works Longue  Point,  Que. 

The  Canadian  Portland  Cement  Co Deseronto,  Ont. 

The  LokeSeld  Portland  Cement  Co. Lakefield,  Ont. 

The  Imperial  Cement  Co.,  Ltd Owen  Sound,  OnL 

The  Owen  Sound  Portl'd  Cement  Co.,  Ltd.        "  " 

The  Sun  Portland  Cement  Co.,  Ltd "  " 

The  National  Portland  Cement  Co.,  Ltd. Toronto,  Ont. 
The  Hanover  Portland  Cement  Co Hanover,  Ont. 

14— B— lOJ 
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Prodiictioi 


OSOLOOICAL  SUBVBV  OP  CANADA 

Tablb  13. 

Strcctckal  MATnULS. 

AltNDAL  Prodcction  Or  Cevcnt. 


CJendwYw. 

Valiw. 

1887 

less 

1889 
1890 
ISSl 
1893 
18B3 
1894 
1896 
189« 

69.843 

Bolaee 

90,474 
102,216 
93,473 

117,406 
158,597 
108,143 
128,294 
149,090 

«  81.900 
3B:69S 
69.790 
92,406 
108,661 
147,668 
194,016 
144,637 
173,676 
201,661 

^^^  {p^U^d,.','.'.,',''.*.!.:;*!!!'*     119!7fB 
laofl  jN»tuT«l    87,126 

iBOQ  /Natural   Hl,387 

'"*^  tPortUml 2W,366 

iftrm  /Nrturri 126,428 

r\Ki^...;.v;.. ■.■.:::■•;•,  SS 

'""'    tPortlMd,.  ._ 317.066 

Value. 
•  66,893" 
209,380 

73,412 
8W.168 
119,306 
613,983 

99,994 
562,916 

M.415 
560.616 

1 
}  206,219  '  «276,273 
)  280,209  [     307,680 
}  396,763  1     683,291 
}  417,663  j     663,910 
)  460.394  j     660.030 

Tabu  14. 

STBUCTTIBAL  MATniALH. 

ExFOBTS  or  Cemwht. 


CaleodM  Ymt. 

Value. 

1891 

1892 

1893 

1894 

1896 

1896 

1897 

»  2.881 
938 
1,173 
482 
937 
1.S28 
S44 
2,117 
2.7SS 
3.296 
1.614 

1900    

1901 

ib.Google 


BXCnON  OF   HINBB 


Tabli  IB. 
STBocmm^i.  Mawhiaw. 

iMFOim  OH  OlKTOT  IK  BDLK  OR  BAOB. 

STBOOTCBAt, 

Maikkialb. 
Cement. 

FiacftlYeat. 

Biuht-k. 

Value. 

FUcal  Y«»r. 

Biuh^ 

V»lue. 

1880 

1881 

1882 

1884!'    '..'.'. 

65 

679 

1.759 
4,62(1 
4,598 

e:m 

5,421 
23,919 
32.818 
2I,05C 

•  £ 

8G 
548 
1,238 
1,316 
1,65! 
1,419 
6,787 
10,068 
6;443 

11,281 
14,361 
12,534 

9,027 

2,800 
8,394 
2:909 
2,618 
2,'ll2 
8,672 
4,318 
31363 
8,929 
10.4I!S 
.,8» 

1892 

1889 

1900 

•Cement.  N.E.S.,  Duty  20  par  cent. 


Tabu  10. 

Structural  Materials. 

Imports  op  Hydraulic  Cement. 


FiBC»lY(*r. 

BtureU. 

Value. 

10,034 

■   7,812 
11,945 
11,669 
8,60G 
5.618 
6,164 
6,160 
5,636 
6,83C 
6,440 
3,616 
2;3H 

g;^ 

21494 

Cwt. 
16,033 

1,678 
10,418 
17.784 

810,306 

7,821 
13,410 
13,766 
9,514 
6,396 
6,028 
8.784 
7.522 
7467 
9,048 
6.162 
2.782 
8,060 
986 
7.001 
8,948 
s:937 

7,0OT 
694 

4,711 
6,865 

1881 

1B83 

1883 

1893 

1895. 

1896. 

1897 

1901  (Cement  hydmulic  or  WAterlims)" 

•Duty,  12ic.  pet  100  lb*. 
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bubtit  op  caitada 
Tabu  17. 
iMrons  or  PoBTLAnnCufiin'. 


KiMMlYntr. 

BuniU. 

Vilu». 

1S8Q                                                                                                         1 

•  86,774 

66:679 
102.537 
102.867 
111.521 
130,3!I8 
148,064 
177,158 

1883 

1««6  

1H«7 

IHHH 

101,760 

122.403 

123,273 

192.332 

183.728 

187.233 

229.493 

224.1B0 

196.281 

2(M,407 

210,871 

Cwt. 

1,078.058 

1,300,424 

1.301.361 

1.612.432 

IWO 

313.672  i 
3041648 

1M92. 

1H!I3 

1804. 

1«!n. 

mtJ. 

1837  

1K«     

3Hl.f*3  '■ 
316,179 
280.841  1 
242.813 
242^409 
202.667 

S6G.264 
467.994 

498.007 
064.596 

IIMIO 

1901  (Portlmd)' 

*  Duty,  12ic  per  100  Ita. 


TaBlr  18. 

Stbl-ctvbal  Matebialr. 

PBonccnoN  of  Koofino  Cimkkt. 


Ckleiu^kr  Ymt. 

Toiu. 

Value. 

1.171 
1.020 

800 
951 
816 

86 

NU. 

•  6,602 
4,K10 

12,000 

Nil. 

1891 

1892 

1893 

1895 

1896 

1897  to  1901  incliaivB 

ib.Google 


sECTtoii  or  Hn»a 

Tabu  19. 
Btbcctukal  Uatuuaia 

ANNDAb   FtODVOWWV  OF  LlMB. 


CWdM  Ymt. 

VAlue. 

1886 

«28S,755 
394.869 
K»^9ei 
362)848 
412,308 
!»1,216 
411,270 

700,000 
650,000  1 
600,000 

eoolooo 

800,000 
800,000 
920)000 

1888 

18t« 

189t  

18!»a     

1891       ..        

1895        ,.         

1897  "        

1898        

1899        

1901        ..        

Production. 


Tabu  20. 

StRCLTVRAL  MaTIEIAU. 
EXFOKTB  OK  Li  UK 


CiJendar  V«r. 

Vftlue. 

»119,863 
121,K«i 
86.623 
83.670 
71,'i97 
70.820 
63,177 
49,594 
73,666 
80,862 
09,194 

1893 

1894 

iw!?:::':;::-:::::;:'::::; 

18U8 

1899 

1900 

ib.Google 


geolooical  survtt  oy  canada 

Tablb  21, 
Stul-cttbal  Matkualh. 


Tarli  22. 
Strcctckal  MArmiAui, 
L  PtoiiccTnOH  or  Builiiikc  Brickh. 


ib.GoogIc 


SKTnOR  OF  MIKKS 
Tablb  23. 

STRDCTDGAL  MATCniALB. 
EXPOBTB  OF  BBIOKS. 


CJandw  Y«»r. 

M. 

Value. 

U91 

246 

tl,163 

12,192 

leoa 

6,073 

44,110 

iBse 

8,605 

1896 

1897 

673 

2,079 

1898 

65 

1000 

646 

4:B28 

Tabli  24. 

Stbcctdbal  Matibials. 

IMFOHTS  or  BOILDtNO  Bbiok. 


Fiscal  Your. 

Value. 

$2,067 
4,251 
24,672 
14;234 
20,258 
14,832 

^440 
20,T20 

34,688 

9,744 

6.076 
14,108 
18,320 

?708 
23,189 
10,336 

6,662 
21,306 
10,305 
20,G77 

1882 

1883 

1884 

1886 

1888 

1800 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1000 

1001 Dutj,20p.o 

Importa  of  paving  brick  in  180S : 


Value,  ^337 ; 
23,648 : 
36,644 : 
10,414  ; 


ib.  Google 


TemootUb 
PndDetion. 


gbolookul  lubtkt  ow  canada 

Tabu  30. 

SnnoTOUL  Hatixiau. 

Pbodiktio!)  of  Tkima  Ootta,  Ac. 


Cil«HUr  Yeu. 

T>1«. 

9  49,800 

Not  AVAiUble. 

90.000 

113.103 

190.123 
8!l,S0e 
166  S96 
lSr,903 
330,308 
309,450 
278.671 

1889 

1891 

IBM 

1894 

1898 

18lrT 

1899 

IWOO 

19o: 

Tabli  26. 

SraviriDHAL  Matiualx. 

Pboih-ctioh  of  Scvxb  Pipis,  *c. 


C»lendw  Ye«r. 

VJuf. 

1888 

1B8U 

1890 

1891 

1892 

Not  .vtOUble. 
348.000 
227.300 
3n7,'6eO 
300,000 
260.328 
2S7,0» 
168,876 
164.260 
181,n7 

IBIM 

1895 

1896 

1897 

1808     

1901 

248,110 

ib.Google 


Tablb  27. 
Imkbts  o»  Drain  Tilkh  amd  Siwir  Fifss. 

Stbdotd&al 

UAtUtALB. 

Drain  tiles 

FuolYeu. 

Value. 

pipofc 

70,06B 
70,699 
71,766 

67)966 
71,208 

88,216 
77.434 
87,196 
69,687 
89001 

29.611 
83,898 
39,149 

1900 

IdOl   lDr».n 

Duty. 

20% 
36% 

1  1,264 
64,819 

pipes,  aewer  pipes,  chimney  lininsB  or  Tanta, 
mmflj  top.  and  inverted  blocks,  glaied  or 

Total 

166,068 

Table  28. 

Sthdctckal  Matbbials. 

Annual  Pbodootion  or  Pottbbt. 

Pottery. 

Calendar  Year. 

Value. 

«    27,760 
Not  available 
196,242 
268,844 
265,811 
213,186 
162,144 
161,688 
163^ 
129:829 
214.676 
186.000 
200,000 

1896 

1896 

1897 ;  

1898 

1900 

1 

ib.Google 


atOLOaiCAt,  80BVBT  or  CANADA 
Tablm  29. 

Stbl-otckal  Uatibiaui. 

lUPDKTH  OF  BaSTREMWABC 


FumIYmt.               ,    V>lue. 

1 

FiaealYear. 

Value. 

•322.SSS 

1     *»:029 

6J6,rM 

9634,907 
748,810 
709,737 
696,614 
647,935 
676,493 
B9G.822 
675,874 
916,727 
969,526 

frM,6K6 
&11,)<S< 

tm,2>xt 

7B0,BS1 
697,W2 
6117.949 
686,aU6 

1W» 

ISMS 

isrts. 

ltW7. 

lenu. 

( 

1901 

EBTthravrara  ftnd  chin 
BmIik,  tuba  and  wu 

BruwD  or   ool(jur« 
Rockingham  wan 

N.K.H..:'^ 

laUnds,  of  («rt.henw«re,  stone 

of  other  muttruil.  N.O.P 

earthen  and  stoneware,   and 

Duty. 

30% 

"1 

30% 

SS2.620 
19,328 

391,»43 

'072 

lKt,726 
831,007 
34,413 

r  ipoQged,  and  alt  earthenware, 

an,  C.C.  or  cream 

Chink  uii]  ponvtun 
Enrthpnware  tile*.. 

1,114,877 

Table  30. 

9TRL'<7rt.'aAL  Matesiai^. 
UPOBTB  Of  SABU  ANIl  GeAV«1, 


Calendar  Year. 

Tooa. 

Value. 

IWO 

329,116 
82^656 
277,162 
224.769 
152,963 
106,954 
242,460 
197,668 
197:302 

121,796 
86.940 
118,369 

761729 
90,498 
101,640 
101,666 

117,465 

ma 

IMW 

ISff 

1H!)S 

l«!l« 

ISXK) 

ib.Google 


BxcTioir  or  umis 


MISCELLANEOUS. 


Antimonjf ; — There  baa  been  no  record  of  prodaction  of  aatimoay  Antimony, 
ore  siDoe  1898.  Id  that  year  there  was  a  resamption  of  work  for  a 
short  time  at  the  Bawdon  mines,  Hants  county,  Kova  Sootia,  which 
minea  had  been  idle  since  1891,  when  they  were  cloaed  down  owing  to 
the  reduced  prioe  of  antimony.  Frevioat  to  that  year  they  were 
wwked  more  or  leaa  actively  from  the  time  they  were  opened  np  in 
1884. 

Table  2  shows  that  some  antimony  bos  been  exported  from  Canada 
under  the  name  of  antimony  ore,  although  the  mines  recorded  no  pro- 
duction. This  discrepancy  ia  thought  to  arise  from  a  misapplication 
of  the  term  antimony  ore.  The  exports  probably  represent  some 
manufacture  of  antimony  produced  from  imported  material. 

Other  deposits  of  antimony  ore  are  known  to  occur  in  Canada,  some 
of  wbioh  have  been  worked  to  a  sma'l  extent.  Mention  of  these  has 
been  made  in  previous  reports  of  the  Section. 


MiSOBLLANBODS. 

Ahncal  FaoDircnoK  or  Antihoiit  Ore. 


C  Jendar  Yew. 

Tona. 

V^u. 

1B86 

1887 

1888       

666 
684 
345 
U 

Na 

1.3*4 

S31,490 

'S 

GO 
NiL 
20,000 

1891   

1898 

ib.Google 
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oiologioal  bubtit  of  cakai 
Tabu  2. 

MlBCKLLAN  HHJ:*. 

BxpoKTS  OP  Ahtihoht  Oris. 


YtM. 

Toia. 

V.la«. 

C>l««lu 
Year. 

TODI. 

V»hMI. 

40 
S4 

3SS 
16S 
4H3 

ii 

229 

mi 

•US 

11,678 
4.200 
17,876 
86.280 
91.-I9U 
0,720 

80 
38 

Hi,." 

'*« 

210 
10 

«  eae 

NiL 

3,441 

1,6« 

1882 

1892tol«i7-. 

18S6 

1B86 

1887 

1899 

Tabu  3. 

MlHCKLLANBOl'H. 


FuoklYow. 

Foimdi. 

VaIm. 

FitoAl  Yew. 

PouDdi. 

VAloe. 

42,247 

17,483 
17,680 
14.771 

1^300 
16,861 
20;001 

1882. 

1K83. 

1884. 

183,697 
106,S46 
44&.600 
82.012 
89.787 
87,827 
120,125 
119,034 
117,066 

16,044     '  1893 
10,360    1,  1894 
1G,&C4    "1896 
8,182  |.  1896 
6,951     ■  1897 
7,122       1898 
12,242     1  1899 

iilllll 

IWW. 

887 

888. 

8sa 

17.439    1 

J901  i     pulveriTOili}rothorwieeni»nuf«turod. 

Duly. 
Fr«u 

186,636 
166,111 

$7,799 
16,916 

300,737 

24,714 

. 

Aritntc. — The  prodnction  of  anenicin  1901  vm  696  tona,  valued 
At  141,676.  This  is  over  twice  the  quantity  produced  in  1900  and 
more  than  twelve  timet  that  produced  in  1899. 

It  is  alt  obtained  aa  a  by-product  in  working  the  auriferous  mis- 
pickel  ores  of  the  Deloro  mine,  Haatiogs  county.  Out.,  and  this  ia  the 
only  mine  on  the  continent  producing  arsenic  at  the  present  timeL 
The  world's  supply  of  arsenic  is  derived  largely  from  England  and 
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a«rmuiy,  the  production  for  the  past  six  or  seven  ^ears  havinii;  varied  Miboblu- 
from  7,000  to  8,000  metric  tons  per  aDnnm. 

Anenic 
The  greater  part  of  the  Canadian  product  finds  a  market  in  the 
TToited  States,  the  imports  into  which  counti;  in  1900  of  white  and 
metallic  arsenic  and  arsenic  sulphides  amounted  to  0,76i!,569  lbs. 
valued  at  $265,500. 


Tabu  4. 

MiSOELLANSOCB. 

Annual  Peodcotiok  or  Absbniu. 


_  Cnlendar  Year. 

Tons. 

Value. 

1885 

1886 

440 
120 
80 
30 
Nil. 
26 
SO 
HiL 

m' 

"67 
303 
G9fi 

«17,600 
5,460 

ilsoo 

1,200 

tin. 

1.600 
1,000 
NiL 

420 
Nil. 

4!b72 
22,738 

41,876 

1888 

1889 

1890 

1893 

1894 

Itflt? 

1899 

1900 

1901 

Tablx  ^ 

MlSCELLANBOUS. 

Imports  of  Arsenic. 


FiBod  Y^t. 

P™ndB. 

Vriue. 

Fiacal  Ye>r. 

PouodB. 

Value. 

4,027 

9,366 
12,907 
10,018 
31,932 
27.523 

8,378 
14,270 
24,208 
11,036 

8,361 

1880 
1881 

18,197 
31,417 
138,920 
61,963 
19,337 
49,080 

so,]ei 

32;43e 
27,610 

69,268 
138,609 

•     578 
1,070 
3.962 

1,666 

961 

1,116 

116,248 
302,968 

417,079 
292,506 
1,116.697 
664,854 
162.276 
291,967 
682.383 
230.730 
169.263 

less'.'.'.".'."..'.'..' 

1896 

1896 

1886 

1887 

1898 

^434    ,  1900 
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Chalk  and  Whiting. — The  needs  of  Cuuda  in  raspeot  to  these  two 
•rticlea  ue  entirely  met  by  inip<»^tioii.  The  total  valne  of  the 
imports  of  these  two  prodDota  amoiiDt  to  over  (70,000,  eo  thftt  »  home 
market ftwaits  ihe  6nder  of  depoeiu  having  the  neceeaM;  qanlities  to 
meet  the  needs  of  users  of  the  imported  ftfticlea. 


p  Chalk. 

1 
1 

V»loe. 

FireJYew. 

VIJUB. 

IHNO 

«,U7 
2.768 

2.882 
0,067 
2.589 
8,008 

6,635 

6,865 
6.3»6 
7,221 

1891 

8.193 

9.966 
11,308 

7;7» 

6,467 
7,432 
9,338 
10,461 
12,212 
11,629 

.  1»86 

1897 

1899 

1900 

■  Chalk  prepvn]    DuCy,  20  |>.  o. 
Tam.1  7. 

MlSOSLLANSOt^ 

lurosn  OP  WsmNo. 


FiMstl  Yrar. 

Cwt 

Vdue. 

1i^ 

36,270 
76.012 
7^268 
67.441 

76,619 
84.668 
96,243 
84,679 
102.980 
88,830 
103,633 
102,761 
113,701 
102,463 
166,293 
134,884 
127,400 
209,868 

16,318 
39,334 
38^230 
23.493 

aloss 

16,181 
30,608 
32:736 
27.471 
27,604 
26.867 
20,663 
36^649 
25,441 
27^822 
22,041 
26^761 
34,310 
94.670 
M;878 

1881   

1H82 

1883     

1886 

1887 

1889 

li? 

1893 

1894 

1898 

1900 

1901" 

•Whiting  or  whitening.  giWera  whiting,  *Dd  P«ri»  white.    Dutj  free. 
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Fetdipar.—Tbe  production  of  feldapiir  in  Cfcnada  in  1901  was  5,350  Miaowo-i- 
tons,  valued  at  114,548  at  Montreal.     A  few  hundred  tons  were  sold 
from  Mr,  W.  A.  Allan's  mine,  township  of  Templeton,  Ottawa  county,         "'*'' 
Quebec,  but  the  greater  part  of  the  output  was  mined  by  the  Kingston 
Feldspar  Mining  Company  from  their  property  in  Bedford  township, 
Froatenac  county,  Ontario. 

Tabi^  a 

MlBOBLLAHIODB. 

Pboocctiow  op  FBLD6PAB.  Pwdootion. 


C>l«iid»r  YeftT.    '   j       Tone. 

Value. 

1890 

700 

#3.600 

•2.646 
•2^688 

6.260 
6,000 
1,112 
14,648 

1892 

1893 

1S94 

176 
675 
Nil. 

1899 

1900      

1901    

972 
1,<0I> 
2,600 
3,000 

318 
6,380 

Fireclay. —  Returns  of  fire-clay  production  were  received  f rom  Kre-cky. 
British  Columbia,  Nova  Scotia  and  New  Brunswick,  the  importance 
of  the  value  from  each  province  being  in  the  order  named.  Practically 
the  total  output  is  obtained  in  connection  with  the  mining  of  coal 
from  thin  beds  usually  underlying  the  coal  seams,  and  the  material  is 
mostly  used  locally  in  the  conatniction  and  repairs  of  coke  ovens  and 
in  connection  with  metallurgical  operations. 

Id  connection  with  refractory  materials,  it  might  be  interesting  to 
mention  that  experiments  were  made  on  samples  from  a  deposit  of 
felaite  near  Ooxheatti  Hills,  Cape  Breton,  N.S.  This  aeries  of  ex- 
periments conducted  in  the  laboratory  of  the  Geological  Survey  of 
Canada  some  years  ago  has  shown  the  material  to  be  well  adapted 
to  the  manufactare  of  fire  bricks. 
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Tabu  B. 

m i wtkixanboum. 

Paoi>c<noN  or  FibI'Clat. 


Cftlendw  Ymt. 


Tun*. 

V»lue. 

too 

•4.H0O 

ZfiO 

760 

1,»91 

4.46T 

MO 

700 

ras 

2,187 

1.329 

3,492 

2.118 

S70 

1.245 

4.130  ■ 

3.»7S 

3,920 

Mercury. — There  bu  been  no  output  of  mercnij  ainoo  1897.  The 
smaU  output  for  the  yeftra  169R,  1896  and  1897  wu  obtttined  from  the 
cinnftbar  mines  in  the  ricinitj  of  Kamloops  lake,  B.C. 

Theae  deposita  are  the  only  known  occurrenoee  of  mercury  ore  in 
Ouuda  which  appear  to  be  of  economic  ralue,  but  the  mines  have  in 
reality  never  been  worked  beyond  preliminary  development,  nor  have 
the  redaction  works  built  near  them  pasaed  the  ezpsrimeotal  stage. 
The  main  depoeita  in  Lower  Kamloopa  Uke  diBthct  Are  those  of  Cooper 
creek,  and  of  Hordie  mountain  which  are  aituatnd  at  a  distance  of 
about  three  milea  from  each  other.  The  country  rock  conaiate  of  a 
Tertiary  eruptive,  very  basic  in  character  which  ia  traversed  by  feta- 
pathic  xones  containing  veina  of  quartz,  calcite  and  dolomite  with 
cinnabar,  which  in  aome  places  oocnra  in  very  rich  pocketa.  Deacrip- 
tioDa  of  the  deposits  and  of  work  done  in  the  district,  as  well  as  of  the 
planta  erectad,  will  be  found  ia  ^e  reports  of  the  Minister  of  Mines  for 
British  Columbia  for  die  paat  few  years,  as  well  as  in  reports  of  this 
Section. 

'  The  propertiee  owned  by  the  Hardie  Mouotaio  Cinnabar  Company, 
have  been  the  subject  of  negotiations  which  it  is  hoped  will  lead  to 
the  speedy  resumption  of  work  on  a  large  scale.  On  the  other  claims 
on  Hardie  mountain  the  necessary  assessments  have  been  performed, 
and  on  the  "Toon-Kwa"  situated  12  miles  south  of  Saronas,  the  work 
done  shows  a  good  body  of  cinnabar  ore,'* 

*  Rep.  Mbiiter  of  Mines  for  B.C.  1!»1  p.  1020. 
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Table  10. 

KutCVBI. 

Fboduotion. 


G*l«duYe<^. 

Flixk 
(76ilb«.) 

Price 

Value. 

71 
58 
9 

tssoo 

33  44 
30  00 

•  2.343 
1,940 
324 

1898 

Mercury. 
FiodooCioii. 


Table  11. 
Mebodbt. 
Ihfobts. 


Fiscal  Yrar. 

Pounds. 

Value. 

1883 

2,443 
7,410 

5,848 
14,490 

w 

27,981 
22,931 

15,912 
29,776 
30.936 
50,711 
36.914 
63.732 
77,869 
7«,058 
69,769 

103.017 
86.342 

140,610 

1  see 

2,991 
2,441 

4.781 
7,142 
10,618 
14,9« 
11,844 
7.677 
20,223 
15,088 
22,998 
14,483 
25,703 
33,343 
33,634 
36,426 
61,695 
51,987 
-94.564 

188S 

1886 

1887 

1888 

18W) 

1892 

1894 

J896 

1896     

1897 

1898     

1900 

1901 Dutyfree 

Moulding  Sand  ; — ^The  flguree  given  in  Table  12  are  derived  from  MouldioK 
returns  of  railway  shipmente  and  do  not  therefore  nearly  represent  the 
total  prodnction.  Deposits  of  sands  answering  the  requirements  of 
moulding  sand  are  known  to  occur  in  almost  every  province,  and  in 
many  cases  are  worked  for  the  local  wants.  Of  thooe  it  is  atmoat 
impossible  to  keep  record  or  to  obtain  returns  of  outpnt  from  the 
producers.  The  greater  proportion  of  the  above  railway  shipments  is 
derived  from  deposits  in  the  Ontario  peninsula,  and  is  exported  to  the 
United  States. 
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Tabli  13. 

MllKIICLLAKKOCH. 

<p  MoL'LDiNO  Rami. 


Quartz : — No  ratnros  of  production  of  quarts  have  been  received 
for  the  past  two  years.  Quartz  mioing  in  Canada  is  irregnUr  and 
spaantodic  and  ia  not  the  object  of  a  definite  industiy.  The  unall 
qoantitieB  which  have  been  mined  at  different  times  were  used  moetlj 
as  refractory  material  entering  the  compoeition  of  furnace  linings. 

There  are  nnmeroua  other  uses  to  which  quartz  maj  be  put. 

In  the  United  States,  the  production  of  quartz  represents  a  subetan- 
tial  figure.  The  output  of  quartz  of  that  country  ia  mainly  derived 
from  the  mining  of  vein  quartz  and  is  used  chiefly  for  the  maun- 
tacture  of  certain  potteries. 

Tabue  13. 

Annual  Pnoiwcrioji  or  Quarti. 


CAlendu  Yeur.                Ton.. 

V»Iue. 

imo 

200       »  1.000 

i«i« 

loo          eoo  i 

is;« 

10 

00 

1K!W 

IMSKI 

284 
GOO 

670 
1,260 

IWl 
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Tabu  14. 

MiSC'BLLANBOUB, 
IHPORTSOP  "SILBX"— CHTaTAlUZKIlQl'iMn 


Fiscal  Yew. 

Cwt. 

Value. 

5,252 
3.251 
3,2B3 

8:543 
3,259 
3,027 
2,820 
14,63.1 
4.808 
6,130 
1,768 

fm 

2:451 
2,882 
3,289 
2:564 
3,104 
a,951 
4,021 

1.678 
3,068 
1,709 
1,443 
1.313 
6.073 
2,385 
1,211 
2.G17 
1.929 
1.244 
1,301 
1,631 
1,881 
2,174 
3,415 
2,773 
2,.'i95 
2,876 
2,106 

1881 

1884;.'!!!!;!!;!;!]."!'" 

1886 

1B87 

1892 

1893 

1894 

1897 

1898 

1899 

1901 Dutjftwi. 

Quaitz. 
Importa. 


—As  may  be  seen  from  the  following  table,  soapstone  U  SospaWoe. 
another  material  of  which  the  production  is  irregular.     "So  output  has 
been  reported  tor  the  year  1901.  but  it  is  not  due  to  absence  of  deposits. 
A  list  of  steatite  deposits  of  workable  size  was  given  in  the  report  of 
this  Section  for  1897. 

Tablb  15. 

Miscellaneous. 

Anhdal  PaoDuonoN  ov  Soapstonb. 


ColeadAT  Year. 

Tuns. 

Value. 

C  Icndar  Year. 

Tone. 

Value. 

60 
100 
140 
195 
917 
Nil 
1,374 
717 

t  400 

800 
280* 
1,170 
1:239 
NU 
6,240 
1,920 

1894 

916 

475 
410 
157 

405 
450 
420 

1,640 

2,138 
1,230 
360 
1,000 
1,960 
1,366 

1887 

1896... 

1897 

im 

1889 
1890 
1891 

1900 

1901 

Tm  : — N^o  oreaof  tin  are  known  to  occur  in  Canada,  and  the  v 
reports  of  finds  of  tin  ore  have  never  been  substantiated ;  there  is 
therefore  no  production  to  record. 
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The  importanoe  of  Cuudian  trade  in  titk  and  tin  nwoufactiiru  majr 
be  gathered  from  the  acoompanTJng  table. 


^autd 


Tabli  16. 

MlBCKLL&HIOU». 

Ihtoms  or  Tim  and  Tinwau. 


Fi.e.1  Yait.              1      VJue. 

1 

Fi«»I  Y<*r. 

ViUue.       i 

18H0 1    •  JKl,fl80 

1891 

81.306,918 
1,6W,206 
1,242, 9&4 
1,310,386 
973,387 
1,237,684 
1,274,10K 

^,^-l0.8^^] 

1,372.813 
2,418, 46S 

1883 !      1,274,160 

1HU6 
lifiW 
IS9T 

-EE 

18KS 1.060,KBS 

IR«6 1,I17,36« 

1BM8 1      1,164,273 

!«I9 
IWN) 

:::::::::: 

1*« l,2HH,75tl 

laoi 

TincTj-td- 

Duty. 

Fm-. 

25 :; 

•         2.410 

697.664 

l,46e,»» 

49,758 

110 

«. 

121,873 
82,339.109 

Tin  ,ii.i«»„/r».u      ;■■::;:::■:::.:::::,: 

Tin  and  muiufactiiiVH  of :  - 
Tin  1)1.1^  in  -hwU.  di-c>rftt.-d 

T.>t»l 

TripoliU: — No  retaros  were  received  direct  from  operators  of 
tripoliW  depoaita,  but  Dr.  E.  Gilpin,  loapector  of  Mines  for  Nova 
Ssotia  estimates  the  production  for  the  fiscal  year  1901  at  800  tons. 
This  prodnct  ia  put  to  various  uses  such  as  polishing  material,  steam 
pipe  covering,  etc  The  followicg  are  the  chief  known  depoeita  in 
Canada. 

Quebec  Province,  Montcalm  county,  Chertsey  Tp.,  range  V,  lot  15. 

New  Brunswick,  Fitzger&ld  lake,  Pollet  River  lake. 

Nova  Scotia,  Colchester  county,  Bass  river;  Victoria  county,  St 
Ann ;    Cumberland   county,    Folly  lake ;    besides 


ib.  Google 


SUTTION  or  IIIKR8 

Tabu  17. 

MlSCILL&NBOlTB. 

PBODDtnoN  or  TuFOLm. 


Calendar  Yeu. 

Tom. 

ViUue. 

1896 

664 

IB 

1.017 

l.OM 

3.16 

• 

9,960 

150 

16.660 

15,000 

1,960 

1899 

Tripolite. 

Production, 


Zine  : — The  only  operators  were  the  Qnuid  Calumet  Mioiiig  Com-  Zi 
pany,  who  operate  the  Zenith  mioe  near  Nipigon  bky,  Lake  Superior. 
OperatioDB  at  the  Calumet  islaod  miDea  which  hod  been  a  producer 
for  three  or  fonr  jeftrs,  have  been  disoontinned. 

The  production  of  sine  for  the  past  four  yeara  stands  as  follows : 
1898,  tons  394,  value  136,011 ;  1899,  tons  407,  value  $46,806  ;  1900, 
tons  106,  value  |9,342. 

Although  the  Ontario  Mining  Bureau  reports  some  production  from 
the  Zenith  mine  nothing  has  been  credited  to  the  year  1901  herein,  as 
from  returns  received  directly  from  the  company,  no  ore  was  sold  or 
shipped  or  otherwise  utilized.  As  frequently  explained  on  former 
occasions  "  production  "  for  purposes  of  this  report  is  always  limited 
to  mineral  sobstances  realized  upon  in  some  way  in  distinction  from 
that>merely  mined,  quarried,  etc.,  and  stored  in  dumps  to  be  utilized 
ornot,  as  may  happen  in  future  years. 

T&BLI  18. 
MlHCUXAHllOUS. 
lMFO)tTB  OY  ZlKC  IN  BLOOKH,  PNS  AND  SUKCTS.  Il 


MBoal  Year. 

C*t. 

™- 

Fiscal  Year. 

Cwt. 

Value. 

13,K05 
30,920 
15,021 
22,765 
18,945 
20,!)64 
23,146 
26.142 
16,407 
19,782 
18,236 

94,015 

76,631 
94,799 
77,373 
70,5!>K 
85,599 
9H.557 
65,827 
83,935 
93,530 

17,984 
21,881 
26,446 
20,774 
15.061 
20,223 
11,946 
■15,148 
18,796 
28,748 
20.527 

»10S,023 

127,302 
124.360 
90,fi80 
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Magnetic  surveying  in ...     142  h 

Bbaciibt  sibikt,  Montbbal,  Qdb. 

Urscription  of  wril  at,  belonging  tu 
Rowan  Bros 62  o 

Beauhamola  Oo.,  Que. 

Potsdam  sandstone  of 19  o 

Development  of  Caloiferous  forma- 
tion m 30  o 

Bkacharnoih,  Bsadbarhoih  Co.,  QUB. 

Potsdam  formation  of 29  o 

BRArrat,  EtiwiK, 

PresenUtion  to  Miueum  by,  I90I. . .    360  A 

BEArRROABn'H  cornir,   Hhcppord  Co. 


Faribault's  ackoowledgmenla  to 


QUB. 

Essexitp  of.. 


186  A 


ib.  Google 


BeaT«r. 

Wigwam  river,  K  Eooton&y,  B.C. .      75  A 

Abitibi  district,  Out 129,  143  a 

AntioMti 196  A 

S.EKeew»iiii 117A.13f 

Nipigaa  dUtriol,  Oat lOG  a 

BCAVBB  AsBHTCia  Co.,  N.T. 

Ref.  to  mining  hy.. . 21  b 

BuvBB  Bank,  Halifax  Co.,  N.S. 

Lu.  and  long,  tlied  at 251  A 

Bkavbr  Hodsi  lasb. 

Sa  Micemikowuh  lake. 

Bkater  lakk,  SuBmiLU  Tp.,  Addins- 

TON  Co.,  ONT. 

Shell  marl  in  brook  from,  to  While 

lake ISB  A 

BeOBsuimeo  river,  N.K 

Ordovician  foaails  from. 196  A 

B«okwith  lake,    Luiark   Oo., 
Ont 
Glaoul  Btriw  uev T!  3 

BccKHiTH  Tf.,  Lanabk  Co.,  Out. 

CbazT  «halM  of 13, 11  J 

Calciferone  dulomjte  of. 16  J 

Pealnf 76j 

GUcial  atrin  io 77  J 

Bedford   Tp.,  EVontenao   Co., 
Ont 

Examined  b;  Elli,  1901  173  A 

Hematite  in ISl,  183  a 

Mioain ..181,183  a 

L™d  dtpoaitii  in. 184  a 

Feldnpai-  qiUH^  at 184  A 

BailFDRI)  STATION,  Hauvax,  N.S. 

Lat.  ADd  long,  fixed  at 251  a 

Hocks  of 38a 

Bbbb  and  Sons,  Boston,  U.S. 

Large  chromite  producers 22  a 

BKIBI    SEITL 

Ont. 

Rocks  of 

Bbbch  cobner,  near  Plevna,  ysoNTR- 

HAC  Co.,  OST. 

Olacial  strJES. 

Beekmantown  rOHXATIOX. 

See  CalciferouB  formation. 
Bbsob  cove.  Bast  river,  Piirrou  Co., 
N.S. 
Thin  coal  seams  of. 

BIPK4NA,  G.  H. 

Caretaker   Murray  mine,  Siidbury 

district,  Ont 

BsIEBN,  NORWAT. 

Ricb  nickel  or«  at 


Beldiko,  Paul  &  Co.,  Messrs. 

Dmoription  of  well  owned  by  ;  w«ll 
of,  ooiDH  in  Class  lit  of  Sten? 

Hunt's  elaaificaiton  .    ..    .      36,66o 

BeUnnilet, 

Crowsnest  coal  fields,  B.C. 81  A 

Belfflum. 

Value  of  exportB  to,  from  Canada, 
1901 108 

BeU,  J.  MaoklntoBh. 

Work  by,  1»99,  1800 11a 

Sean*  by,,  for  C.  Bunn H,25\ 

Map  work  by,  1901 . .      .    349  A 

Eef.  to  work  by  roand  Great  Slave 
lake 144  A 

BBLL.  DR.  BOBT. 

Summary  Report  by.  of  operations, 

1901 3-28  A 

Field  work  by,  1901 .        7a 

Prediction  by,   re  L.  Cambrian  of 

Kee. 7A 

Ref.  bi  discovery  by,  of  iron  depoaitt, 

Naatapok  islands,  Hodson  bay. . .      11  A 
Conglomerate  of  Abram  lake,  Ont., 

noticed  by,  1871. 90  A 

Instructions  from,  to  Parks,  1901 ...  106  A 
Ref.  to  Borvey  by,  of  It.  Nipigon, 

Ont  105  A 

Iron  mentioned  by,  Sturgeon  river, 

Thunder  Bay  district,  Ont.,  1870.     107  A 
Reasons  by,  for  T>owling'a  1901  ex- 
pedition      109  A 

Latitude  obHervatione,   James  bay, 

confirmed Ill  A 

Prophecy  by,  rt  age  qF  Ekwan  ri  ver 

beds 1I6a,  Or 

Instructions  by,   to  W.   J.  Wilson, 

1901 117* 

Ref.  to  eiploratioDB  near  GrAat  Slave 

lake J44  A 

Ref.  to"TheOnlnrioOil  Fi^ld"of.  161  A 
Ref.  to  description  by,  of  Erie  oU'  s, 

etc 167a 

Rocks  collected  by,  Mackeniie  dis- 
trict, 1901 230  A 

Ref.  toaetronomicalobeei'vatioDBby, 

inBafiBnland 247  a 

Remark!   by,    on    "Catalogue   of 

Marine  Invertebnta  of   KaHtem 

Cwisda"... 264a 

Presentations  to  Museum  by,  1901. .  3G9  a 
Ref.   to  report  by,  on  Mauitonlin 

istandB.  L.  Huron 264  a 

Letter  of  instructions  by,   (o  Ami, 

1901 B86-267A 

B«f.  to  good  entomoloaieal  work  of.  26!)  a 
On  drift  of  Attawapiekat  river,  Kee.  6  r 
Ref.  to  survey  t^,  of  Attawaiuskat 

river 14  P 

Hef.  to  description  by,  of  Attawapis- 

kat  river  limeetonw 18.  36  If 

M  anitounuk  group  described  by 32  F 

Limit  of  submergence  in  Sutton  lake 

district  given  by 37  p 


ib.Google 


rAQi. 

PAom 

BXLU  DR-Om. 

BiuT  cuu,  Ru>  Dm  Kirtk,  Alta. 

Ref  to  report  hj,  on  Sudboir  dim- 

ToMili   betwwHi,  and  Dau]  Ledge 

<»nj"'- 

Vieviof.  on  tiyrrhotiU  of  Sudbury 

dutrict 

Rrf.  (o  work  br,  on  Roy«l  Conmm- 

laH 

UtTONCA,  Okt. 

BnWBHU  MATTE. 

Ud.  to  CambrUn  (!)  of,  Sudburr 

Analyaia  of,  Sudbury  dUtriei.  Onl. 
BnMEHn  PBOCCBB. 

ansa 

Pmper  read  by,  to  OeoL  Soc.  o(  Am. 

78  u 

USA 

Nickel  broaght  by.  frwn  Pigww  kke, 

ftWap-pm/f". 

B«v«L«t.  LniM  Co..  Out. 

ivcordi  and  «amp1n  of  water. 

■.Mo 

FoeiU»fr«n. 

82] 

Bell,  William. 

BlBUO0BA?Hr. 

Of  Caoadian  xookigy  for  IWOoan- 

Bill  ihuhd,  N^wpoiTNnLAKi). 

BlCTCTLW. 

U.eof  nickel  in 

228h 

Bill's  Abbkstl-s  Co.,  Ltd. 

Bio  bat.  Fbowtikao  Co.,  Oht. 

Ref.  to  miring  by 

aoa 

Graaitenear 

178* 

Importaof,  1901 

BlLLII'lLLt,  UAmNUH  Co.,  Ont 

Rocki  from,  to  Innea  puol 

222a 

Fault  croming. 

Rrf.  to  iraverw  to,  of  18D2  6S 

Bnggnteil  water  power  of  

Bin  Hobs  mointai.ib.  Wt. 

AEK  Co.,  Out. 

40a 

Ponition  o(  [  OTM  of 

&4J 

Bro  HoB-N  bivbk,  Montaba,  U.a 

Bolly  Biver  aeriM  (Oretaoeous) 

JVwnyr  rayam.  Cope,  f  Kan  near. . . 

85a 

Ref.  to  Limbe'«  Mudy  of  vertabnU 

«2i 

On  RmI  Drar  riTer,  Alt*. 

«2a 

Work  on  ;  orea  of,  pniapecio  of 

lEhSen 

Bio  Oma  chbik,   Diuhau  Tr.  Oi- 

roBD  Co..  Ont. 

BFLCEIL  MTS.,  ROL-VILLK  CO.,  QlK. 

1«Ga 

Bic  Salhox  bivib,   3.   m>bb,    Yikok 

Gold  field  E.  of. 

25a 

BtsNUT,  B. 

20b 

atA 

BiNNEiT  UKK,  Lanark  Co.,  Out. 

Bar  mining  cnmnienced  on,  in  IMHl.. 

6b 

tJranit*  gneiw,  8.  of. 

THJCJ. 

Soun*  Of  gold  in 

36b 

197  a 

Abieace  of  coal  on 7S  A 

Fo*.il»  [wm  n«r WS,  1D9  A 

Syeniteof 

imiA 

Awintant  to  Dowling 

110  a 

Bkkg.  J.  Fb. 

BicsEV,  H.  B. 

HSa 

X 

i 

ib.Google 


Blcnell.  John. 

Befereruw  to  auireyi  by,  E.  of  I. 
Abitibi,ijue "l. 


C.    Breton  bnu:hiopod»  determined 

Kef  to  biographical  sitetoh  of 2 

Ref  to  p»pfr  of,  on  [omU  from 
Clinton  Md  Ni»K»r»  tormatioiia. . 
Ref.  to  early  foMiUuit)  by  ...-. 
PoUdMin  loa-'il  «pecie«  recotdofl  by. . 
On  fowiilB  from  nekr  Pakenham,  Out 
L>ke  Clew,  Ont  . . , 

In  L.  Etoheminikn  of  C.  Breton  .  .  2 
moUte  ffselss. 

TbundaT  Bay  diatrict,  Ont  . . .  .90,  91, 1 
Blotlte  BOhlsts. 

KinoJBvis  Uke,  Ponti»c  Co.,  Que. . .     1 
Gnhkm  Tp.,  Algumn,  Ont.   .    .     - . 
Blroh. 

Yukon  didtriut ... 

a*.\aa  lake.  Thunder  bay  duiUiGt, 

Ont    

W.  of  L.  Nipipai,  Ont 1 

Klondike  diitnot. 

Northern  limit  of 

a.    ot    U    Abilibi,    Pontile    Co., 
Que. 132,1 

Kewaguoi,  lake,  PtMitiu  Co.,  Que  .     ] 
Birch  chkek,  Thlni>kb  Bav  dihtbmt, 
Ont. 

Travelledby  Wil«on,  1901 

BriCK  CBKEK  SEB1I8. 

Sub-division  of  Nuina  neries 

"  Birds  of  Canada." 

By  Prof.  Macoun,  ret.  to 

Birdsaya  formation. 

FcHail  cnral  fiom 

83 

Scanity  of,  in  vicinity  of  Montreal. 

•'  BlHira  KVB  "  POBPHIHT. 

Local  name  for  certain    volcanic^, 
Bimnilary  Creek  district.  B.C.... 

Biemutb.  ^ 

Scarcity  of  compoundg  of,  in  3ud- 

liniKHtaof.'iobi.! 

BiSHLTHlNITB. 

In  area  irf  "  Perth  sheet,"  Ont 

BlBMKTHlTB. 

Kewagama  lake.  Pontine  Co.,  Qne. . 
Bituminous  ehalee. 

North  Pictoii  Co.,  NS 


BLACK. 
Blaci,  F. 

Poole'a  thanks  to 308  a 

Black  bbook,  Coohbahe  lake,  N.^. 

Analyna o(  coal  from 232  a 

Blaok  damp. 

Pietooooaliield^N.a SOU 

Black  Diamond  acice,  Kloxdik*  dis- 

Tributary  of  Sulphur  creek 52  b 

BLACE     DlAHOND     MINE,     PlCfTOD     OOAL 

riELD,  N  .S. 
Strata   o(,   eompwed    with  Acadia 

Quality  of  Aowlia  aeam  in. ..... .  IB  M 

Trial  piW  on  leams  underlying  be- 
hind 2911 

Black  Donald,  RtNFBiw  co..  Out. 

Limestone  of 37  J 

(Jraphite  mine  of «*  J 

Black   Donald   mine,   Rin^bbw  co., 

OST. 

Graphite  of,  sent  to  Buckingham, 

Que.,  fortreatment...   02  s 

Black  Hark. 

Museum  spednien  of,  received  1901.     360  a 
Black  billp,  Dakota,  U.S. 

Source  of  Artesian  vPAtera 15  o 

Black  Lakk,  Eastbbs  TowNamps,  Que. 

Ref.  toasbeslusanduhromitoof....  20-31  B 
Black  lakk,  Lanark  co.,  Ont- 

Potsdam  sandstone  on. WJ 

Black  Mink,  Pictou  to-,  N  S. 

Cauaeof  higher  altitude  of 7  u 

Black  mokntals,  B.C. 

Limestone  summit  of. 48a 

Vae  of.  abolished,  Pictou  ooal  mine^ 

N-S SI" 

Black  bivbh,  AsmBi  riveb,  Ont. 

Description  of 123  125  A 

Country  round  headwalere  of. 125  a 

ludian  rrfica  from. 128  a 

Mf-xeof 129  A 

BlACK  RIVER,  PONTIAC  CO.,  P.Q. 

Clranito  gneiss  ot 24  J 

Black  biveb,  KiNii!<  co.,  N.S. 

Beauty  of  falls  on. 212  A 

Graphitic  shalee  on       215  a 

Black  Biver  formation. 

Kington  district,  Ont. 173-180  A 

FcMils  from im^' 

!!  '.['.'.'-'.'.'.'.'V.'.'.'.'.V.'.\V.     '280 

In  area  of  "  Perth  sheet, "  Ont. 

6.15,  63,  GO,  60,  62  J 
Building  stone  from 73  J 


XUI 


ib.  Google 


BlBOk  River— Cbn. 

Drill  bloclu  from 

ScuTritf  of,  in  Montrakt  dintriot . . , 
Black  bualib. 

BiBck'i  mill-nte,   Pictou  oukl  field, 

N.S    

Blaok  Btunreon  bay,  Lake  Nipl- 
flron,Ont. 

Euminod  by  WUroo.  1901   

IMoniiM  betw««n,  and  Chief  l»j. . . 

Hanilntune  of 


Black  BtuTKeon  lake.  Tbunder 
Bay  dlstTlot,  Ont. 

Wilura  dpI&yHd  K,  19U1 

L-iurentian  rockaof 88,1 

HuTMniMi  (juarttiU- near...    1 

DuloDiitic  undatoni-  of 101,  1 

Tn(i  un  LturrntiMi 1 

a»adatuo<-  of... 103,  1 

In>Dorene4r 100,  101,  1 

White  and  red  pine  on 1 

Blaok  Stutireon  river,  Tbunder 
Bar  d&trlct.  Ont. 

P«nl}-  lurvejp.^  IWH 

T™|m.        ■■  ■ 


I>n), 


Imn  orp  oear  . 
Bla(?klasii 

Pittoucwil  field,  X.S 

Blackhall  mk'A  hin'k,  N.  Bi'i 
Lanabe  oo.,  <)\t. 

B LACK »' ATI B  LAKl,   TH|-M>EI1 
TBKT,  OkT. 

M»gneliw  8.  of. 

BLACKHATIR  BlVKl,  THrKt>IB 

—  T.  Ont. 


Bat  i> 


Tr«cli-»«rvey  of  . .   

Jw|WT  on. 

Blackh  coiiNKK.  Las-ark  co,,  Ont. 

Chftzy  nbalm  M 

Blackx  mill  hitk.    McLkllan  brc 


Cur 


t'lrttd  Bi 


K.uU..  

Black  Hhalr-  and  unditonm  at. 

Blackivells  fixnoK. 

Miniirim  tor  Bbckwood  broot 

Blackwood  brook.  Bast  river, 
Plotou  Co.,  N.a 

Fault  B»ni«cd  on 

Cotitnct  PerniiAD  and  carl»niten>u8  ; 

hm^HUm^  aidttomi-ratc  of. 11, 

Conirliinierate  De»r  coiil  muasurea  on. 

BlACKIVOOII       MOINTAIS,       PirTOU      COAL 

KlKLl^N,a 

Contacl*  of  ignrouB  dikes  on.      


Blauo,  Whatcoih  00.,  Wa. 

Ref .  to  tu^clifla  of 46  A 

Blairhica  kihi,  Bathi.-bbtTp.,  Lakabk 
oo..  Out. 
Poutioo  of 71  J 

Blairuobe,  McLeoii  dihthkt,  Alta. 

Mimpnia  ipwiiaen  of  coal  from 33T  A 

Coal  developments  at 33  a 

Production  from 34  a 

BLAKCHEBIVRR,NlPtS8IK0DiaTRI(Tr,0l(T. 

Vi«il«l  by  PmU  1901 IW* 

jlooKof 139a 

Blast. 

Vie  ind  itrength  of,  Sudbnrr  dia- 

trict    ....     *,.... 19911 

*  I  U~e  of  cold,  CoiiiMT  CliS,  Sudbury 

»  di.triot..    .    .     1 207H 

Of  Sudbur)'  diatrict.  Ont.M,  IS8,  I9S,  210  H 

ImporU  of,  1901 11  8 

Blattoidoe  rtnu  i  ™  rcka  ricrdem. 

Charaoteriatic  of  Chaxy  formatioo . ,       28  o 
"Blbachinu." 

Of  biotitf  in  norit«,  Sudbury  diatrict, 
Ont 66,  sen 

Blesard  mine,  Budbury  dletriot, 

Ont. 
RpF.  torruortbyG,  H. WilliBinioii, 

18B1 16  m 

Discovery  of 25  H 

History  of.  33  H 

Prujurtioii  iif  nickel  and  copper  in. .  ItKI  K 

Psrc('Utageu[nicki-l  inoreiof  ...    .  110  H 

copper        1 Ill  B 

Claaspd  in  "  marginal  deposit*  " 1311  H 

lirvx\i  of  workings  at. 122  H 

SuM-ltin^at..., 196  H 

Production  of 2S1  H 

Blezard  Tp ,  Sadbury  dlatrlot, 
Ont. 

Noritebeltof 147  a 

CrcwAHl  liy  Main  nickel  range  .     ...      SB  H 

C-san  bettof 122  H 

Buss  uiCA  MINE,  S.  Bi'HujfauTp.,  Lanark 

CO.,  o^■T. 

Positionof 71J 

BLtTHyiELD  Tp.,  REKrBBw  CO.,  Out. 

Limestone  of 80  j 

Graphite  of 70  j 

Block HOL' HE  iiiaTMurr,  N.S. 

Gold  statistics  of lis  B 

BL01fllM>N.  KlN<IK  CO.,  K.S. 

InHisn  relics  from  stune  of 211  A 

Marly  bed"  at., 214  A 


215  t 
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BU)Hn>ON  CAPE,  KiNQS  CO.,  N.S. 

Trapol. 216,216( 

Fouil  spoDgn  from 257 1 

Blohidoh  ut.,  N.S. 

Deacripcion  of  scenery  of 212  j 

"  BLOtCRRD  "  1JU4BT7ITK. 

Sudbury  district,  Ont 6B  I 

Blck  Bkach,  KiNOi  CO.,  N.S. 

CMboniferouB    limeHtone    between, 
and  HaatBpnrt. 214  . 

So-c^Ued  "new"iniueniJofEinmonR. 

14-ie,  97  i 

BLTTIiriKLD  TP. 

Stx  Blithfietd  Tp. 
Boat  BAB  BOCK,  V.I, 

MuMum  specimenB  of  Bponge*  from .     2!V9  i 
Bobs  lake,  Lakabk  co.,  Okt. 

Old  gneiw  near ,        39  ■ 

LimeaCODe  band  in M  ■ 

BoiiENHAia,  Saxokt. 

Division  by  Habermehl  of  pyrrhotite 
troni 132  i 

BOEBTH     aOLI>    HIKB,    CLAItBNDON     TT., 

Fhostisac  CO.,  Okt. 
DeBcription  of. 65-66  . 

Boo  IBOK, 

Kings  Ck).,  N.S 2lSt 

BOILEHS 

Pictouii«I  mines,  N.S    32  « 

ChtttacteriBtic  of  Chazy  (ornmlion  . .      28 1 

BOLTOK  CREEK,  L.\KAHE  CO.,  OKT. 

Bolton  Tp.,  Biuime  co.,  Qck. 

Miiierale  collectrd  in,  by  Willimolt, 
IWl 2*1  A 

"BOSSPIBL." 

Played    by    Diiners   300  ft.    undrr- 

ground,  Pictou  coal  mines,  N,3., 

18j4 33  u 

Bonanza  oreek,  Klondike  dis- 
trict. 

Gold  foutid  on,  1896 6b 

Foreat  line  met  by  shaft  near 8  b 

Serpentine  course  of  scbiets  on 17  b 

Peculiar  schist  band  crossing 22  a 

Gravelsof 21,  80,  82,  49,  Gl  B 

Detailed  desaription  of 33-4U  B 

Old  valley  of 49  B 

Dredging  on  58  b 

Tin  on  «4  b 

Kxhaustionot 

Kstimated  auriferous  deposits  of. . . .  dS  B 

Well  situated  for  hydraulicing 68  a 

Strike  of  sohisu  between,  and  Car- 
muck's  fork 17  B 


BoHAKZA  roana. 

Suggetled  hydraulidngof  bencbeeat      60  b 

BONAMEA  KtLUi,  KLOhDin  DIBTUCT. 

Yellow  giavels  of.   33  b 

BOKNK  Tebbe,  Misb. 

Ref.  to  arsenide  okb  of 143  H 

BONNECH^RK  BIVBB,  RENFRIW  OOl,  OkT. 

Caloif erouB  dolomites  of. 16  J 

Ells'  eiaminatioD  o( 23  j 

Gianile  fnieiss  on 24  J 

Limeatone  o( 81  j 

Borax. 

Scarcity  oC,  in  Sudbury  ores. .- 129  B 

Imports  of,  1901. lis 

BoRU  X  Piovyrs,  Latal  Co.,  Que. 

Chazy  formation  st 28  o 

Bor«  bole  reoorda— for  coal 

Near  Michel,  G.  Kootenay,  B.C 79-81  a 

MrLeod  pit,  Pictvu  field,  N.S 20  h 

Below  Widow  Chisholm  seam,  PiC' 

tou  field,N.S 21n 

for  oil 

UiiperDover.WeatmorlandCo-.N.B     209  a 
Memmmcook,    Westniorlaod    Co., 

N.B 204,20Ba 

for  water. 

Number  of.  on  Island  of  Montreal, 

up  to  19(13. 6  o 

Boring— for  Goal. 

Suraas  mountain,  RO. 50  a 

Advisability  of,  in  P.E.I 209  a 

I<e*mington,  Cumberland  Co.,  N.S,    216  a 

Albion  aie*,  Pictou  Co.,  N.S. 22  n 

N ear  Cul  ton's  adit,   'i 27  h 

Rear  brook  „  28  u 

—  for  oopper. 

Knob  hill,  Boundary  creek  district, 

B.(J 61a 

Advanta({es  of,  Boundary  creek  dis- 
trict, li.C. 06  a 

for  gee. 

Ontario 163.1(!eA 

for  Iron. 

Sturgeon  river.   Thunder  bay   dis- 
trict, Ont 107  A 

N.  side  of  L.  Opinicon,ODt 181  a 

for  nickel. 

Charlotte  Co.,  N.B -206  a,  154  h 

Sudbury  district,  Ont. ..  26.  32,  36,  38,  41  n 

for  oil. 

Lambton  Co.,Out 16210,161 

Elgin  ..  ...6  3a  A 

Oxford        Hi2,163A 

Grev  and  Bnica  Cos.,  Ont.  .166,  166  A 
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Camlachik,  Lahbtok  Co.,  Otn. 

Viiitad  by  Prof.  Mwwun,  1901 159  a 
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Gamp  McKikhit.  Bodndart  dibtbiot, 
B.C. 

Gold  and  copper  pioductioo  of 49,  CO  e 

CAVrBRLL,  A.  M. 

FoaaiU  oollnited  by,  1890. 84  j 

Cahfbill,  C.  S. 

DMcription  of  well  owumI  by.    . . .  37  0 

Cahfbkll,  J.  B. 

Specimen  of  Idllingite  received  from     1B6  H 
CUIPBELL    CHVTE,    MADAWASEA    MirSB, 
OST. 

Rockiof am 

Campbell  CRBUE,  Eootskat  lake,  B.C. 

Analyw*  of  Diokel  ore  from. 163  h 

Caapetoma. 

InEriocUyofS.  W.  Ont 168* 

CAMPTOHmi. 

Rue  variety  of  dike  rock  belongiDg 

to  nepheline^yenite  serim 23  c 

Canaak,  Kinqhuo.,  N.S. 

Shell  marl,  bog  iron  uid  nungaiiBse 

of  313* 

MArioe  tnnila  3.  of 21S  a 

CANADA. 

Ref.  tomivgeoloKioalniApof 109  a 

Rnf.  to  geoloirical  map  of  E.  of. 2fi3  i 

Canada  Atluttio  Railwat. 

Gnmite  gneiH  on,  in  Renfrew  ot>. . .      61 J 

Cakada  Cohukiiou  Co. 

Work  by,  1901 346  n 

ProdiicUon  of  "Craig  mine  of  " 1&  t 

Cakada  Fuhkace  Co. 

Mugnetite  m  Henlrew  Co.  worked  by63.  64  : 
Cakada  Ikon  Fuhsacs  Co. 

BlMt  funi.«e  of 621 

Bounty  figure*  of 63  I 

Canada  Maltino  Co. 

DeacriptioD  of  veil*  owned  by 37,  88< 

Cakaua  Paint  Co. 

MuNnunspeoimensof  iron  oohre  from.    237  i 

Workof,  St,  Johnoo..N.B Ki 

Ochre,  iH«iuctiooof 84  i 

Cakada  Sl'qab  RiinHiNa  Co. 

DeacriptioD  of  well  owned  by 38  ( 

Canada  Switoh  and  SpiuNti  Co. 

Steel  plant  of 621 

Canadian  Amrrioah  Coal  akd  Coki  Ca 

OperatioDi  by 34  I 

Canadian  AasEsruB  Co.,  Bi,aok  Lake, 
Qde. 

Ref.  to  minii^  by SI  i 

Casadian  Birds. 

Catalogue  of,  preparation  of  pt.  11 . .     Ifi6  j 
Canadian  Brkwino  Co. 

DeacriptioD  of  well  owned  by 37  < 


Oanadtan  Copper  Oompaay. 
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InstalUtioo  by,  of    plant  to  work 
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Hiatory  of,  capital  of. 26  H 

Mines  belcH^ciDg  CO 27  H 

Indiuioti  of,  in  Intertiatioaal  Nickel 

Co 29h 

Diagnai    of   croaa-aection   of   new 

amelterat..   .. part  H 

Photo*  of  plant  of '    H 

Copper  oTwinally  in  eioew  of  oickul, 

in  mines  of 106  H 

Peionica»  of  copper  and  nickel  in 

mines  of. Ill  H 

Ref.  to  analTwa  by  of  Sudbury  oree.  112  U 

Minea  of,  fimt  operated  for  copper. .  118  M 

No.2niineof. 18?  H 

Haula^  of  ore*  of. 189  h 

Roaat  yards  of .   190  H 

Anayiofinatedoreirf 193  n  ■ 

Beaaemer  matte  prodoction  of 197  H 

Beeaementinfr  by 201  H 

Refinement  of  mattes  of 201  B 

De«ription  of  new  anielter  Of 207-211  H 

Option  of,  on  North  Star  mine. 211  ■ 

Matte  of,  refined  by  Orfocd  Copper 
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Statiatioaof. 2S0h 

"  Canadian  Fomil  iNsion." 

By  S.  H.  Scudder,  pnbUeation  of . . .      24  a 
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Work  by,  for  Sudbury  amelter 210  H 

Canadian  Minino  iNHnnrTl;. 
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Lanark  CO.,  Ont 13  J 
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Lanark   co.,  Ont.,   and   Sharbot 
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Conatruction  of,  in  Sudbury  diatrict, 
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Montreal  well  ownnd  by    39,  S6  o 

Sodium  carbonate  in  Hocbeliva  well 
of 670 
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Ouiadlan  Plants. 
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Cararp,  Koniacia.N.S. 

IndiMiRiliaM HI  A 
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Owimor*.  Banif  dlstrtot,  Alta. 

Coal  miDui(  at ;  prodao^oo  from . ,  S3,  81  s 

Caxniko,  Kraaa  cxt.,  N.S. 

Soenio  bauitr  of 2iaA 

Ouioe-blroti. 

ObHhinii lake,  Pootiw ea, Qos. ..       IIHa 
Wrvwo^  Uk«,  Nipuriuduftrwt.     119  a 

&  o(  L.  Abitibi,  (ju*.   I2Qa 

Bkokriw,  NipiwiaKdirtriM 125a 

AnikojifMni  1^«        UT,  128  A 

CAHOrBCIUIISO. 

ladtMtTv  ol,  ertkbliilMd  bj  H.  B.  Co. 

■t  Albany,  Junea  bay 6  I 

CANonv  Tp..  Okt, 

SfeNorlkOaiumloaiidSoiilACluumUK 
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UraptotitMof  UpprrCambrianfTum.    IBT  J 

Eruptire  nicki  in 109  j 

Fouili  between,  and  Benton 199  i 

Caittlrt,  Hull  Tp.,  Qcc 

Baryta  near. 8C  i 
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Pontioa  of 71  ■ 
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CAMtON  CtMMK,  KUOmiUM  DUTUCT. 
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CAr'i'L'AIILB,  AKTiccwrn. 
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Carac  marttima,  Slull. 
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Oaribou. 

E.  Abitibi  dutrict,  Que 

W.  Abitibi  district,  Uot     

Attnnpttoaeclimatiiti,in  Anticoati. 
H.E.  Keemtin 

CaKIBOO  COHttOLIDATID  HIN^  CaBIBOO 
B.C. 


HoMum  ipecimen  o(  ir 
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Amount  ol  coal  raieed  in. 31  e 

CAPB  D'OH,  CDMBBaUND  CO.,  N.S. 

Indian  rvliM  fnu  ooptier  o(    ill  A 

Lttft    expenaea    at,    t^    Colooial 
Copper  Co. tit  A 

O»p*lton,  tti«rtH«ok«  Oo.,  Qua. 
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Oold  produotion  of 121  ■ 
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Cabboll,  J. 
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CaBBOLL  IIINB,  CHAHu>m  Co.,  N.B. 
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Production  ol,  1901 33  i 
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Noritebellof ,..      87i 
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Oasaiar  district,  KO. 

Gold  production  of 121 

Silver  125 

CASaiTKBITE, 

Klondike  district. M 

In  iperrylite  of  SudbuiT  diatriot, 

Ont. 1061 

Cast  iron. 
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Caildlcia  pallida,  Kanth. 

From  mouth  of  Ekwan  and  Albany 

rivers,  Keewatin 60 
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CaTABAQUIMABSU,  .VEABKlNGaTOM,OtlT. 

Eggs  of  swamp  sparrow  and  cowluRi 
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Chaay  liniBitone  of 21,Wo 

Caduplowebb. 
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Ret.  h>  nickel  mines  ot. .   IH  H 

CHABAzmt. 

Collected  by  Willhuott,  1901 !tS9  a 
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Ohftmberlaln,  Prof.  T.  O. 
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PreaentMion  to  MoMtiin  b;.  1901. . . 
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Tribatary  to  Dcauinion  etvek. 
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Ochre  pniduotion  by 
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Flat  creek  beda  north  of 
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Ckapmak,  R.  H.  G. 

Pyrrhotite  examined  for  160  B 
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Ntckei  b  ooball  minea  of 148, 174  B 
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Peculiar  breccia  of 24  O 
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atadt 

xxiv 


ib.  Google 


Alto  B 

Ohemlstrr. 

232 
Chebtset  Tp.,  MomxialhCo.,  Qck. 
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Cotopoeition  of 

Chinese. 

Scati«tio»  of,  in  coal  mining 

AVork  by,  on  TmnquiUe  river,  B.C, 
Chloakthite. 

In  cUh  II  of  Vogf.  diTiaion 

224b 

87a 
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Cmehtbb,  Albebt  Co.,  N.B. 
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N.rf.    ....-..: 

CHIOAOO  HlilB. 

Chlorite  eohlats. 
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18,29  J 
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Ckbome  niceel. 
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Cirques. 
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B.C 234b 

"  Eta KQE LIKE." 

Home  of,  Grand  Pre,  N.S 212  a 
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FAIRBA.VK     creek,     AlOOUA      niSTBIOT, 

Ont. 

Erection  of  smelter  on 41  H 

FaIRBANE  lake.  SUIIBUBT  DISTBICTT,  OHT. 

MicTopegmatite  phase  of  norite  on. .        7    n 

FAIBBANK  TP.,  SirilBUBT  IHSTBICT,  Ont. 

Norite  belt  of 147  a 
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Cruwmeet  cnal  field  in  a 

(H  NanuMTiee,  Klondike  dinriot, 
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Cokeovenaat 79  a,  39b 

FoMila  frooi  near 81  a 
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FOBTl'Nl  LAKB,  FRONTINAC  rO..  OST. 
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Collfctiuguf  ahould 
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NoT»  Sootia. 

Sumy  Rep.  on,  1901 21G-223a 

RepnM<nt.At  Patu  Kihitution,  1900    216  a 

GOLn  HlLt,  BOKANZA   CBUK,  KLOKDIEI 

While  »nd  yellow  jrrA^ela  of;  exCnt 
of  Aiirift^uuadrlMvituf.... 32,36,11,  13  b 

GOLlI  MIKISO. 

Nt«r  Flintnn,  Addin(rlon  oo.,  Ont..    Ifl*  a 
Minniuki  like,  A1^>iiuk  district,  ..        90  A 

Sturj[»wi  river.  Out 92-94  A 

Gold  trvcH  i>ieiBi<rr,  Lcnihbcki  co., 
S.». 

DetAiled  .arvej  of.  1901 SW  a 

Note*  oo  ttruoture  of. 319-223  A 

CiuLrBOTTOH      CHIBK.    Hl'NUR    ORU. 

Klomiiki  niariiicr. 
Gold  found  on.'  1896  ;   wmroe  of  ; 
gravel*  of  ;«■*  of R,7,*3-46b 

UOLDBN  ChOWH  HUCI,  BOI'HIIABT  CbXCK 

iiiHTBicr,  B.C. 
Working  And  ahipmenta  of  ore  from      66  A 

GOLTKS  LAKK,  R«BPB«W   Oa,  OKT. 

Gnnite  gneiM  iM»r 24  J 

Liiueatone  of 31  J 

GOLO-BV!!     ORBU,       POHWIOK     CBIK. 
Kl/)M>IKI  nitlTHlCT. 
One  of  the  moat  produccive    Klon- 
dike .tre«n. .   -.    7,*7b 

ReBsxn  of  low  poaicion  of  White 
Channel  (rraveU  on;  Klondike 
aeriee  owr ;  richneaa  of;  deecrip- 
tion  of  ;  worki  on  i  barren  ground 
near;  elaima  worlced  below. .32, 

48,  BOSS,  OB,  67,  68  B 

Ooldsohmldt.*Prof.  Vlotor. 

Work    by.    on   cryatallogrAphy    of 

operryRte 19  B 

Goon  Roam  Abbociatiom. 

HinU  to,  of  BroDie  Co.,  Que 189  A 


Qoodrioh.  Harold  B. 

StAtemrtil  by, «  peiroleom  in  Wot- 

morUndoo.,  KB ^.   .2W-2»a 

Kef.    to    hi»Wrio«l    anrvey    by,    ot 
Upper    Ynkon    gold    duoovenea 

(lffl6-fl7) "■ 

Goodwin,  Prof-  ^.  I- 

Diacovery  by,  of  nidtelifecouapynte      17  h 

GOBOBLAOODATBE.  RCIBIA. 

FUtlnumof 106-107  B 

.Sirfbary  diatrict,  Onl. "^')Sf 

Niekel  Wing. .  -  - ,«  Imh 

Charlotte  ooTN.B 103,  IM  H 

GovLBOCBN  Tp.,  Cabiitoii  00.,  Out. 

Black  Bivef  frmation  in 12  J 

Chaiy  ahalea  m "  ' 

Peatof "■" 

OOL-Lll  COU)  SlORACl  DWOT. 

Montreal  wdia  of 45,63,690 

"GOI'LDBIVBB." 

Swd  to  be  originAl  name  of  Gold 

river.  Lunenburg  oo.,  N.a. ■    a"* 

OonB,  A. 

Deacription  of  Montr«a  wen  belong- 

inirio 10,11.0 

GOTVt,  F. 

Dewripdon  erf  well  atCAte  de  Neige 
viU.«,  HoohelAg»  00.,  Que.,  be- 

longingto. «0 

Qbap,  Anton. 

Smellera  dfaigned  by  S8  H 

Oraoalt«n  mini.  Nobwat. 

Ratio  of  nickel  to  copper  in  ore  of  - .    168  B 

Oraham  Tp.,  Alffoma  district, 
Ont. 
Auaen  arophibolite  and  biottte  wbUt 

of S" 

Altered  quartiite  in 66  a 

Older  n<R^te  of  WM 

UanMWfrom 236  A,  104.  lOB  B 

AnalyKia  of  nickel  ore  from 160  b 

Barlo«'i  examinations  in *«.  1*5  * 

Noritebeltof "'* 

Graniutegneivof....   MT  a 

AnAlyiiB  of  pyrrholite  from Z3Z  a 

Gbaih  oulbhrbb. 

Import*  of,  190L Ha 

Grain  rousr,  ANTiooen. 

Depoaits  ne*r,  prove  u[Jifting. ...  19*  * 

Marinear 1»  * 

G  BA  NBT,  BOI!  H  DABT  CbUK  DIBTBIOT,  B.  C 

Sinelterof 64,  67  a 

Gbahbt  Com  pant. 

Output  of,  limitsd  by  imelting  fatnli- 
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GRAim  BAT,  Lakb  NtriooN,  Oht, 

Eumined  by  WilBon,  1901 97i 

GnHJaio  bait  nmr 100  i 

TiapiQ  lAiirMitiftD  near 102  j 

Grand  Caldhkt  HwiNa  oa 

Zinc  operatiiMu  of ISl  t 

Grakd  Form,  OsAHn  Foua  DtrisiON, 
B.C. 
Smelter  of «!  i 

GRAKD  FOKES  UlUVfO  DITIatOH,  S.C. 

Work  by  Brook  in,  J901 62  t 

Copper,  BUtiBtios of 48t 

Gold  ,. 121 1 

Grahd  lAKE,  Caps  Bbmom. 

Ccnlseanuof,  eiamined  by  Fletcher, 

1901 2101 

GHASD  LABI.  POBTIAO  00..  Qul. 

Ref.  to  Bell'i  reaeardm  aruand.lMl.  8 1 
QuRCN'a  00.,  N.B. 

Ret.  to  ooal  fields  at 202  / 

FroduotioD  of 203  j 

niBTBtor,  N.B. 

Ref.  to  coftl  areaivof 33  r 

GAAN-n  MlBA,  C.  Bbktoh. 

Ref.  to  hematite  bade  of 281/ 

Ghahd  TKt,  KuroB  oa,  N.S. 

Homeof  "Evangeliae". 212/ 

Grand  rivib,  Ont. 

Ref.  to  fauna  and  flora  of IBl  A 

Cot. 

Ref .  to  canyons  of 41  A 

Oranlte. 

Statialicaof 8,H,]82,184( 

Aa  a  baildiufc  atone. 74  j 

Of  Boundary  creek  district.  B.C.. .  .B5,  68  a 

Klondike  diatrict 11. 13,  2&  26  E 

Kingston       ,.      Ont 17B,  176, 

„  178-180,  183  A 

W.  of  L.  Nipigon,  Ont.   100* 

II         Anikojinmi,  Nipisaiog  ...     128  a 

Minnitaki  lake,  Algoma  dutiiet 90  A 

In  areaof  "Perth  ShBoL"  Ont 6-68J 

Outlined  in  Barlow's  Sudbury  map.         6  H 

Sudbury  distriot,  Out. 61,  03,  76-7B  h 

E.  of  L.  Abitibi,  Fontiac  oo..  Que. 

133,  134,  138. 141  A 

York  CO.,  N.B 197,201* 

Head  of  w.  branch  Avon  rivbr,  N.S.     211  A 

Gray,  of  Atlantic  ooart,  N.S. 213  a 

Cummeroial.  of  King*  oo.,  N.S 215  a 

Halifax  oo.,  N.S    2I8a 

GKAsmCnr,  B.C. 

Selling  price  of  platinum  in 100  e 

GlIANrrX  CBBBK,  SlHIUCAHEKM  DIBTIIIOT, 

B.C. 
FlaCinnui  and  gnid  on 1OO-108, 104  a 


UnfaToorable   for   agricultural   re- 
in Div.  I  of  Vennor'a  olauiBcstion .       19  J 
Fnndamental     rocks    of    Grenville 

A>  a  building  atone 74  J 

Of  Klondike  seriea,  Klondike  dutriet  18-20  b 

OfYukonvaUey 31  A,  13,  M  B 

Siity-mile  distiW,  ¥kn .13  A 

Sisrtz  vein  in,  o(  Twelve-mile  creek.      38  A 
ionitaki  lake,  Ont 00  A 

l*c  3eul,  Ont 91  A 

Dog  river.  Out 92  a 

Savan  lake,  Oct 95  A 

Of  "Ualiburton"  and  "Bancroft" 
sheela,  Ont 149  a 

"GOANITK"  IKDUVritT. 

West  ShelFord,  Que 189  a 

Boiindsry  Creek  district,  B.C 68  a 

Ref.  to,  of  Thai  and  Odenwald,  Ger. 

Okakititb  qniiss. 

Sudbury  district,  Ont 147  A 

QnAKiToib  ONiiw. 

W.  of  L.  Nipigon,  Ont. 100  a 

Age  of,  oompued  with  Dorite 76  h 

GSANOPBTBL 

Prevalence  of,  in  gneisaoid  rocks, 
BudbtuT  diatricl,  Out ;  compoai- 

^on  of. SG,  86  H 

Gbant,  Col.  C.  C. 

Foarila  received  from 2S7  A 

Oraithlte. 

Progress  of  industry,  1901 244  a 

Statistios  of 8.  11,  60.62  s 

In  area  of  "Perth  Sheet,"  Ont.CS.  69.  70  J 
Lady  Macdonald's  mine,  Sudbury 

district,  Ont 107  B 

Kings  00.,  N.S 215* 

GaAFHin  SCHISTS , 

Of  Adams  creek,  Klondike  diatrict.  34  B 
OBAPTOIilTElS. 

Eel  river,  Carloton  oo.,  N.  B 197  A 

Fredericton.  York  oo.,  N.B 200  a 

Leading  genera  of.  in  0.  Breton .  .224, 225  A 
From  L.Ulica  formation.  Clear  lake, 

Ont SGj 

Of  Sutton  lake,  Kea. 28  F 

Gkahs  bitir,  Nklbon  rivib,  Ecc 

Ref.  to  map  of  d:atrict  of. .    249  A 

Gbabst  Nabbows,  Minkitaki  LAKB,  Ont. 

Gold  mining  at 90  a 

Gbation  Tp,  Rbk^rcw  00.,  Ont. 

LimMtone  bMid  of 32  j 

Statisdcsof. 8,10,  U,  146  s 
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On  ilMm  north  of  Ek«ftarif«T,  Kee.      10  r 
Obavil  bivbr,  THcriiiiut  Bat  niaTBiar, 
Ont. 

Snrray  ot.  IMI lOB  A 

Grat,  D.  Q. 

FomU  l«av«B  giTGO  to  Survey  bj 60  A 

Qkat  Eaolb  claim,  Bodhdait  Crkbk 
DiBTRrcT,  B.C. 

Probftble  extauion  of    Kitob    Hill 

letdiD 6lA 

Grat  Ha*i. 

MuKnim  ipedinen  of,  raoeived,  tMI.  SHO  a 
Gkai  tbodt. 

Of  Sntton Uk«,  Kett. Vtr 

Qrajdiis  land. 

BoaoduT  Creek,  (inmd  Fork*  diti- 
mon.  B  C 68  A 

3beffoT<l(»..Qiie...   1ST  a 

Kings  and  HknUoaa.,  N.S 211,  313  a 

Gbkat  Beak  lake,  Maok. 

Rrf.  to  J.  M.  Bell's  eiplontionof. .       11  A 

Kvf.  Co  R.  BeU'a  eiplormtiun  i>»r. . .      IM  A 

R«f.  tomapuf. ...     348  A 

Orbat  Boulueb   Pmsivibakcb  vikb, 
Kalgdsi.1,  W.  AL'BTBAUA. 

SpeoiineD  of  petiito  from. 338  a 

Oreat  Britain. 

K  ickel  n>finuig  in 173  n 

Value  of  miDrral  vxporti  lo,  from 

C»OKi»,llWl lOt 

GBBAT  EaBTBBII  OLAIH,  Klokuibb  dih- 

Poaition  of;   sohiabi  of;  workingi 
of ;  cyanide  pJuit  of 6G  I 

OSBAT  HORIfBD  Owi. 

MuwumipecimeDfromHudwinbky.  209/ 
Ubbat  Lakkr. 

Chngw  in  levebi  of. U»,  170  J 

Geiat  Laeeh  Copfer  Co. 

OpenCionaof. 3R  l 

Great  St.  John's  wort. 

Huron  00.,  Ont 156  i 

Gbeat  9lave  laee,  Mack. 

RdI.  to  Bell's  visit  to,  1899 Ill 

..  ,  mapof. 24»> 

Obbat  Wbhtbrn  Minis,  Ronhland  dib- 

Coptier  production  of 18  i 

Oreeoft 

Niekeloreof 1731 

GRBBN  (tULCH,  HL'T.PHUH  cbeee,   Kloh- 

111 EIE  1>IBTRI(7T. 

Width  of    Sulphur   creek   Kt,  pay 

revel- Mow. 62-641 


Green  Riixb.  East  Kootmai,  B.C. 
Ref.  to  work  on  coal  Geldi  of,  by 

Leach  and  Den  i*. 33  a 

Sumy.  R«p.  on  by  LcMsh 70-73  a 

Sketch  map  made  of,  by  IiMch 75  A 

Fowil  plaula  fnim. 81  A 

Obbbn  laee,  Fhovtehac  do.,  Otrr. 

Dolomitea  expoeed  at  45  J 

GRBRN  MODHTAINi,  VEHHOITr,  U.S. 

Micanotu  limettonee  of IK  J 

GrsenBtone. 

Use  of  the  term 54  R 

Boundary  oreek  dirtriot,  B .  a . . .  H-60,  63  A 

Ekwan  river.  Km I6r 

But  ween  I^byrintfa  and  Ofaaahins 

lakea,  Ont.  118  a 

Abitibi  rivrr,  and  tributariea  121,  123-136  a 
K.  of  L.  Abitito.  Que. .  .134,  136,  13f^  141  A 

S.  „  119-121  A 

BonDdarieeof-SodburydurtriattOnt.        7h 
Analyaea  of,  Sudbnij  district 114  H 

GSBBKSTONB  HCHIHTS. 

Sudbury  district,  Ont M-61  H 

Gbsehwooi),   Kutle    hh'ir    division, 
B.C. 
Ref.  to  Brock's  examinations  near. .        6  A 

Brook's  headquarters,  1901 62  A 

Gravgnmiteof. 66,68  a. 

Smelter  of 64,  67  A 

C^reoTllle,  Arg«nteull  00-,  Qa«- 

Graphite  of..    Ms 

Grenvillb  Tf.,  Aumma  oo..  Que 

Minerals  oollnjled  in,  by  WiUlDtOtt, 


Perth  sheet,"  Ont, 

Composition  of  j  economic  value  of..       18  o 
Occurimces  of,  around  Montreal. . .      29  o 

Qrey  oa,  Ont- 

Borinfii  for  gas  and  oil  in 166  A 

Grit  and  Bruce  Oil  and  Gab  Co. 

Operations  of 166,166* 

Grbtwaoke. 

CompoMition,  ix-iipn  and  petrography 


GaiprrTH  Tp.,  Renfrew  co,,  Out, 


.  .G3-U  u 


Graoitf  ir 
Sand  drift  ot 


IS  of.. 


Gold  reported  in 6fl  J 

Gbihhbt,  Lincoln  oo.,  Ont. 

OrtluKerat  eorfmui,  Billings,  from. .  .55,  66  f 
Gbimrthobpe  Tf.,  Habtikiih  CO.,  Ont. 

S  E.  comerof'Haliburton  sheet.".     148  a 

Gianite  gneiee  of 26,  28  J 

GBIMmTDBEH. 

Pictouooal  fields,  N.S 38,  38  H 

Statisticsof S,  10, 13  a 
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EKtourioo  of  CombM^aod  ou  roofctin. 
Guar  KILL. 

McLelksn  brook,  Pictou  oo>]  field, 

N.3 

Gmmbotau  M. 

DeacriptiOD  of  Hootml  well  bdonfc- 

GBDNIL',  WlBTFHAUA,  HdB. 

Polydymite  from  

OCKRKA,  RbmL 

Mineral  ooUectioD  sent  to,  1901 

GOLCH  eKAVBLB,  Klohdics  dwtbktt. 

Youngeat  BariMof  Low  Levelglkcel*. 
OoLL  KAT,  L.  NinooH,  Out. 

Sarveyi  on,  1901 

Trap  of 

GtJLL  ORHK,  FbOHTKHAD  OO.,  ONT. 

ContMit  gntait«.|pMiM  and  liuiert<me 


GVLL  LAKB,  FsaSTEHtf)  00.,  OhT. 


Gruiite  fcneiM  of 41,  4% 

Limi«toDe  of 

Gull  lakb,  NiFisHuni  distriot.  Out. 
Drain*fto  of 

James  b»>.  Km. 

Gdks. 

ImporU  of,  1901 

GcBD,  Cbaii.,  Go. 

Description  of  Montreal  well  owned 
by  6R 

OwiUlm.  JO. 

PetroKFapbr  for  Atlia  report  of 

Botanical  oiilleotion  rec«ived  from  ■ . 
Colleotioo  ol  rockB  by,  in  Atlin  die- 


t,  B.C.,  1901.. 


Colleotion  of  f  c 

triot,  B.C.,  1901 : 

Roiignatioo  of. ' 

Oymnodadui  eaiuuleiuil. 

Pelee  iilani,  L.  Erie. 

Gvpeum. 

BUokStnigODnaodNoowatinriTen, 
Thander  Bay  dutrict.  Dot 

Nmt  MomansUnd.  James  ba;  ... 

Fibrous,  from  KiDga  00.,  N.S  

Avonrivor.N.S -   .. 

Of  Piolou  iwal  field,  N.S 

Swcistiosof. 8-U,  S 

Gttsdmvillr,  Lao  Makitoba. 

Openttiau  in. . 

Gtrkalooh. 

Museum  specimen  fnnn  Hudsoa  bay. 


Gurmttma  brtvitpira,  sp.  nor. 

Ekwan  rirai,  Kee. IT,  Bl  P 

Oyrontma  dowiinffii,  tp.  nor. 

From  Ekwan  river,  Kee IT,  GO  P 

Ojnvnema  iperiomm,  sp.  nov. 

FitMoEkwan  riTer,  Kee 17,  CO  P 

Haanel,  Dr.  Buffeoe. 

Kef.  to  raport  br,  on  msgnatonietrio 

mcasnrementa  lA  ore  depoaits. 1411  B 

ZToAeiMrui  Jilatata,  Giaj. 

From  month  of  Bkwan  and  Albany 

riTera,  Keewadn 60  P 

Sabenaria  kgptrtiOTta,  B.  Br. 

From  mouth  of  Ekwan  and  Albany 

riven,  Keewatin SO  P 

Habermehl,  F. 

Ref .  to  analyses  by,  of  pyn-botite  . .    116  H 

Bodeninaia  pyrrtiatite  divided  by. . .    132  B 

HABrTART  HITia,  KlNOB  CO.,  N.S. 

Dike  protected  meadows  of. 212  A 

Hadfield,  MiseBB.  B.  A. 

Ref.  to  paper  by,  on  nickel  steel 229  H 

Haoabti  Tp.,  Bb(pbbw  oo.,  Ont. 

N.Koomerof  "HaUburtonSheet"    143a 
UAoaixrT,  William. 

Assay  of  pyrrhotite  tor   166  H 

Hailetbuht,    TiKiSKAiiiMa     DDrraior, 
Ont. 

AtBenide  oree  near 143, 155  H 

Uaklyu  t  SOOIErT. 

Extract   fnnn   publicatiOD   hy,   on 

shores  of  Hndion  bay. 13  p 

Haloikahd  00.,  Okt. 

NatDi*)  gas  (^. 165  A 

HALP-WAT     KItHT,    Alooma    DIBTBICr, 

Limeatooe  frapnents  or  shore  of.  .113  a,  6  r 

miviB,  KiNOBOo.,  N.S. 

"Hortcnssrifs"in,.. 314  a 

Quarry  sandstone  of 214  a 

Gra[diitio  shales  on 216  a 

Halibitbtoh,  Haububtom  <xx,  Otrr. 
R«t.  to  work  in  distriot  of,  by  Adams 

and  Barlow.   . 6a 

Of  "HalibuTtmi  Sheet" 14Sa 

Halibdxton  Fire,  Ficrou  ooal  puld, 

N.a 

Trial  pits  east  of. 23it 

"HAUBOBrOH  Shdt." 

Snmy.  Rep.  on,  1991 147-149A 

Halibdbtok'b  Histobt  (1829). 

Ref.  to  ooal  sectioDB  given  in S3  m 

BALIfAX,  N.d. 

Surveys  in  region  of,  1901 217  A 

First  loondty  eMt  of,  enoted  1828. .     31  x 
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rAOB 

rABB. 

HuL,  Juim. 

Ref.  todaKription  of  XtytetoH  by. 

33DA 

SMCMtoUmiDB, 

Gn;  gtmlr  at. 

Ua 
Ma 

,1«B 

Of  Ekwu  rinr.  Kee 

ITf 

HtM  Tp.,  Worn  CO.,  Qm, 

240a 

UOb 

Hailowk,  Vksktesao  c!a.  Ovt. 

Rock>  faetWMn,  ud  MArUe  lAke. . . 

lAt 

943a 

41  r 

41  S 

mbary]  fiom. 

InrnfnratOHof 

HMrlnston.  Frot  B.  J. 

Hahiltoh  CUItNT  WOKKH. 

Ref.  to  itDdy  br,  of  intranTO  mMHi 
ioQue 

R«(.  to  BD>Iyii>  of  njokxl  ore  bjr . . . . 

MBa 
worn 

Hamilton  tHALn. 

InoUfifM.  BoUiwdl,Oi>i. 

M2A 

8344s 

Blwt  funiace  of;    itwl  piMit   of; 

Rsf.  to  dioritg  dikn  of. 

Habbibok,  Gbobob  C. 

Flelcber'i  thAok*  to 

213  a 

Hamwoh,  Robt. 

DauriptioB  of  Moatnal  weU  owned 

216  a 

Habbdit,  D.  T. 

Mnwnm  apedmen  of  tUo  from 

ColbctioD  by.  of  tock*  from  Uudwn 

Habtikotoh,  Adpihoton  00.,  Out. 

UaKI^    HICA    MINI,   «.   BvBaC88   TP.. 

Immau  to.,  Ont. 

cUl  Bridi.  N.8. li;i8.21.2 

).24M 

HarttO-PrwL 

Virilad  b;  WilKo,  leoi 

HAKOvia  PoBTLAHu  CiHurr  Co. 

Habvbt.  Waitib. 

oeivad  fnmi 

254a 

Sumy.  Rep.  on  «<da|(7  of.  1901 .. .  210-214  a 

Id  BreB  of  ■^^ithlwW,"  Ont.M, 

18J 

Hantsfobt,  Hantb  oa,  N.a 

214  a 

For  linw  burning  Bad  bnildinft 74  j 

LBt.  Md  loDg.  fixed  M 

261a 

White  OhAIUldRTBxdl  of. 

*6h 

Hatbb.  Fbancb. 

Erection  <rf  tbe  '  La  Nickel '  pUot  »t 

163« 

Vtlne  of  axporU  to,  from  (^UBda, 

v^nooow'ciiii'to;;:;;"::::'.:::.: 

E»port.  of.  1901 «.71a| 

38b 
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PAOt 

Hay,  Dr.  O.  P. 

Lunbe^  Mknowledgmmta  to. Ma 

Wwk  bf ,  on  IVHHtyx  avnu 86  a 

Hat. 

Qooa  atop  of,  L.  Abitibi,  Que Iti  a 

Hayoook,  Bmeat. 

Fletcbv'a  thftnki  to,  1901 311  A 

Hayden,  Dr.  V,  V, 

SVimjn:  niira<u,  Cope,  foano  by.  Id 
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Porphyry  dikes  of ;  ore  body  of 61  A 

Country  rock  of 63  A 

Copper  of 68  a 

Methoij  of  mining  at 64  a 

Working  and  prodnction  of,., 66,  67  a,  49  s 
Moulding  sani). 

Statisticsof 8,llJ3,lMs 

MODLTOH  Tp.,  HAbDIHAND  00.,  OUT, 

GasweUsin 166a 

MODNT  DBNinBOK,  Haotb  00.,  N.S. 

Carbonifennu  limestone  of 214  A 

Mount  Niokil  mikb,  Sui>burt  Draraira, 
Out. 

Workinaaof 88  H 

Assay  ol  pyirbotltes  from 118  h 

Classed  in  "  Marginal  deponts  " ISO  e 

Maimetia   separation   of   ore   from 

13B,  136, 139  H 
Magnetic  surveying  in 142  h 

Uount  Royal,  Montreal. 

Ref.  to  petnwaphic  work  on. 1S6  a 

Root  of  an  oM  volcano.   14  O 

One  of  the  Monteregian  hills IT  0 

iDttusives  o( 18-19,  92-28  o 

Dike  eitpo«ur«B  in  park<rf 23  o 

Volcanic  ejaotamentaof. 24  o 

Ancient  sea-level  at. 3Q  o 

Description  of  wells  at 60,  61  O 

ESeot  (rf  drainage  from 71  0 

MoontSt.  Patbioe,Renpbbwoo.,  Ont. 

Limestone  neat. 37  J 

Mount  Uniaokb,  Hants  oo.,  N.S. 

Lat.  and  long,  filed  at 261  a 

Mountain  boat. 

Remains  ol,  b>  gravels  of  Klondike 

district 29  b 


14— 6i 


ib.  Google 


MocMTAUi  Gbotv,  FHnrnii40  oa..  Out. 

BMitioafnim,toHMlwniik»ri*«r..       46  j 

UoOMTAUr  MArLB. 

ObMtuBcIftlM,  PaatlMi!o.,QM....    118« 
MoDifTAiH  UFiofl,  Madawadca  rivir, 
Okt, 

LinMBtoorkt S3,S7,  MJ 

Portap  M   S7j 

MOUMTAIN    BUM,     PlOTOV     GOAL    VIILD, 

N.S. 

Dani]  lory  work  on. 22  m 

MoiTNTAix  Bunr. 

K«nuu[u   of,  in    pvveli,  Klondike 

diitrict 29 1 

JiocHtnto  FOINT,  Jahm  bat. 

Fint  wooded  point  S.  ot  0.  Heori- 

■tu  Muu 11)1  A,  11  ■ 

NonienclAbira  ot 13  I 

Exact  position  of,  doubtful 31 1 

MoTDAXT,  AjmoonuB  oo.,  N.S. 

SUuTun  tftona  Irocn 262  / 

Mi-cic 


Mci)  FLATS. 

JamMbky,  Km 31,  32  i 

Uui>  uit,  Madawabka  iivis,  Ont. 

Rocki  S.  of. 4*  J 


Gne 


Muli  LACB,  MMBIMIPFI  UVM,  QKT. 

Viiited  by  EIU,  1901 173  A 

LimcBtone  of.  $7,  38,  47  J 

DokiaiiMof 41,  42  J 

HcLBnuT,  Rao. 

Btmex  and  Linoolii  coa.,  Ont. 153  a 

Muu.inb(Camkill)sbam,  C.  Bbxton. 

Bonng  tot 211  a 

MuHoo  Paik  Forar,  L.  Nifiooh,  Ont. 

Survey  of  Uke  N.  ot,  1901 106  A 

MuNBLOw  HioA  inifx,  N.  BuBonB  tf., 
Lanark  co.,  Ont. 

Pontionot 71  J 

Mdhbtm,  CARiiBroR  00.,  Out. 

Contact  ChAiyihAlea  And  I  imeatonta.       14  j 

FiiNU  FAkenhnt,  I^awrii  on.,  Ont .        S4J 
ilurekitenia  (Bvrmaloma)  ffraeSii,  HkU. 

FroniMcNBbtp.,lUiiifnwoa.,  Out.      S4  J 
MuTtkitoHia  (LofluarinJ  Mitttri,  UaU. 

From  McXkb  tp.,  Renfrew  oo.,  Ont.       B4  J 
JTurefciMMMa  or  Zimwmvu,  pp. 

From  McNkb  t|iL,  Renfrew  oa,  Ont.       84  t 
UnxTHT,  A.  H. 

AibntuB  mimng  br,  Bt  BUck  Uke, 

Que 9lB 


Uuiray,  AlAx. 

IM.  tovorkbymlSSl 174,  180  a 

Sutimait  by  re  ibell  mwrl 184  a 

Extract  Erooi  report  by,  Sndbnry  di>- 

thct,  Ont .      22  b 

Raf.  to  report  'bj,  on  W^Ibcd  minea.  117  h 
work  by,  on  "Perth  ibeet" 

district 6,  8,  17,  24,  39,  38  j 

MORBAT  RROOK,  YORE  OO,  N.B. 

KlniiAD  gnptoliteB  OD ^...     301  A 

Horray  mla*.  Sudbury  dlstriot. 
Out. 

Oeologiokl  nwp  of.  aoconiiwayiiiff. .  ■  Pkrt  B 

Photoi  of,  at  end  of R 

Nickel  bearing  erapti  ra  ftom.    15  b 

MATGUtte  (nnn. 17  H 

Dieoovery  of. 24  H 

Selwyn'i  opuiion  ot , 3BlI 

OpenaioDB at . . . . .   ...   30a 


49h 

sea 

TBs 


Cauie  of  failure  ^ . 

Diabate  dike  near 

Hornblende  porpbyrite  of 

Fine-^ined  graruce  9.E.  of. . 

Ac  Junotioa  of  norite  witi)  loliuU. . .  89  H 

Analyni  of  olivine  diabaw  n«ar 91-92  H 

Rri.  to  analyuB  of  Beuemer  matte 

from lOlH 

Magnetite  ot lOS  h 

Perc«ilaf[e  of  mlpfaidea  in  nick  of , .  108  R 

PropoitioD  ot  nickel  to  copper  in. . .  109  B 

Percentage  of  nickel  in  oree  of 110  H 

Claaaed  in  "marginal  d«ponti". 


Magnetic  surveying 
RoHting  ibed  of    . . 

8>D«ltiD|^  -■ 


122h 
143  H 


Emoe  minsi  quarti  used  at 203  h 

Analysii  of  matte  from 303,  301  B 

Production  of 331  H 


IXuaooTlte. 

Crookwl  lake,  Pootiae  ca,  Que. . . . 
Stuleyville  mine,  N.  Buigew  tp.. 


>.,  Ont.. 


71 J 


liuasum. 

Addition*  to,  1801 SIMWa 

Visitorm  Co,  1901,  37,880 270  A 

MoaiFOHtairr  1.AIK. 

8«SwAn  lake.  Thunder  B^diitrid^ 
Ont. 

Uuskes. 

ReportediaintwiarW.ofJaMMabw    IITa 
Long  itretch  of,  from  Waahagnmi 
riv«r  eMtward,  Km. Mr 

UUBK  OX. 

Retrains  of.  In  gravcb,  Klondlledi*- 
triet 29b 

McaiKAT, 

In  oountry  W.  of  L.  I^JfMgan,  OnL .     lOS  A 

Abitihi  dirtrict,  Ont _ UtA 

IL  of  L.  Abitibi,  Que. 141  a 


i  by  Google 


MoBKRitT  LAI  I,  THDHDBB  B&T  DIBTBtCT, 

Out. 

Snrvey  on  Htst  above M  x 

"Mdssblhdh." 

Beda  of  in  P.ELI 909a 

Vya  lrun«*a. 

From  EkwiD  river,  Kee IIS  A 

.■    SuttOT  Uke,  Keo 37  r 

MrlBSOAVE,  FbONTKMAO  00,,  OfiT. 

LilpMtoDe  with  hornblende  at 43  J 

mux,  Fbohtwiao  oa,  OST, 

Rockior 43  J 

MfUlaraa  penuMa,  Ip.  nov. 

From  Ekwui  river,  Kee 17,  47  F 

NAnUD     AND     TOFFIKO,      BUCK     LAU, 

Qua. 

lATge  chromite  producers 22  s 

Naiu.  ' 

Statiaticaof 4&B 

Nauw  Tp.,  Sudbdht  DrfTTBiOT,  Okt, 

PenwntBge  of   nickel,  ODpper   and 

oobalt  m  ore  from 113  H 

Nanalmo,  V.  L 

Cretaceoni     of.      compu«d     iritb 

SumM  mt.,  B.O. BO  a 

Nakbtt,  N.S.W. 

AnalyiiB  of  ^mierite  from 1S2  B 

ifanno,  up.  imiet. 

From  Ekwan  river,  K«n.  (Swalso 

Sndoeerai.). 17,  M  r 

Naktil,  G. 

Montreal  well  ot SI,  71o 

Napjnbe,  AnmHOTON  oo.,  Oht. 

Ice  markioga  ne^ir 77  J 

Nafahee,  Tp.,  Addinoton  co.,  Okt. 

Trenton  limestone  in 179  A 

Limestone  quarries  of 184  a 

Nabbowb,  The,  RincAir  lake,  Okt. 

Arkosebedaat 180  a 

Nabina  SIUIB. 

Definition  of,  eharaater,  atnioture, 
diatribution and  litbDloB;of...13, 

R,  43,  48.  96,62  » 
Nabuwaak  biveb.  Yoke,  co.,  N.B, 

SiluTiui  fossils  on 300  a 

Bocksof 301  A 

Kabtapoea  island,  HuceoN  bat. 

Bocks  of,  siinilar  to  those  of  L.  Ni[ri- 
gon  district 32  p 

Bef.  to  manganiterous  iron 

If  ASTAFOEA  BEBIBS. 

On  Ekwan  river,  Kee  .... 
Natal  Botamoal  Gabderb. 
Botanical  apeoimens  lent  t( 


11 J 


National  Portland  Cbhekt  Co.,  Ltd.  - 

Manufactnrera  of  Portland  cement. .     137  B 

Native  oopfkb. 

Sudbury  district,  Ont 106  H 

Natcbal  qab. 

Summary  Rep.  co,  in  Ont 163-166  A 

Inborin8sinWeatmorlaiidoo.,N.B.    204  a 

I^w  prohibitioff  eiport  of 246  A 

Statistics  of 8,  S,  88  B 

Natchal  watees. 

Analyses  of,  during  190L 233  A 

Navigation, 

Of  della  ot  Moose  river,  Jamee  bay.        9  r 

Xawapfteohin  bivbb,  PotmAO  oo.,Q[ii. 

Fork  of  Kinojevis  river IStA 

Description  of. 187  A 

Lynx  on 143  A 

Neelon  Tp.,  Sudbury  dlstrlot, 
Ont 

Intrusive  rooks  of B3k 

Pyrrhot 


Ihorite  and  norite 

Eruptive  rocks  of. 

Percenta^  oF  nickel,  copper   and 


68,7011 
71  H 


oobaltTii  ore  from 

...  lis 

iBLim,F. 

ABsistiint  to  Daly,  1901 

41 

?ELHON  niVIBIOR,  KOOriNAT  DIBTM 

Set'*^":"™'^ 

48 

Copper  and  gold  tonnage  of . . . . 

123 

^EHATAQOI  EIVEB,  KeEWATIN. 

20 

fKFEAH  POINT,  OTTAWA. 

Ref.  to  the  folded  itrata  at 

...    261 

iiPEAK  Tp.,  Cabletom  oo.,  Okt, 

RidppfcrTStaUine  rooks  in.  ,. 

...62,W 

NeF  BELIKE. 

From  Brome  mountain,  Que 18S  A 

Nbpbeunb-bteb  rTE. 

"  Haliburton  sheet ",  Ont 14S  A 

"  Bancroft  sheet",  Oni 14S,  ISO  a 

Island  of  Uontreal,  Que  .....' 23  D 

Nbpihquit  biveb,  N.B. 

Ref .  to  copper  orcB  on 206  A 

NiSAQCATCn  BIVEB,  B.C. 

See  Middle  river. 
Nettle  teek. 

Felee  point.  Easex  ock,  Ont. 1S4  a 

Nevada,  U.S. 

Nickelia 146a 


ib.  Google 


Nktaqa  cwmmk,  Klohdiii  Dinvicr._ 

Tributa<7  to  Domioion  cnek.   ,'.  47  b 

Bof.  to  ooal  aeAmi  in IT  m 

Nbwau  nBTUt. 

Example  of,  iwAr  Tmro  ■ution.  Col- 

cbcateroo.,  N.8. ...        en 

Nbw  Dohavia  claim,  VicrouA  qulch, 
Klonuiu. 

QnarURoldoD 38  a 

Very  nch  qumrtc  from 64  ■ 

mrW  BBUNBWIOE. 

IiMltii  niAp  i4 put  A 

BttilFf't  report  tn  geologr  of  wrt  of, 

1901 Ia7-a064 

CMbuaifennu  of,  compkccd  with  C. 

ofN.s. aojA 

Vklue  of  minenl  production  of 9  a 

Stktiitioa  of  Abiaaive  mMeriala  of. . .  13,  13  i 

Cod  lUtijtia  of 2S-2C  32,  33  it 

Gjrpium  (tatiotici  of SS,  Ma 

UuKUicBe  export*  of 8S  a 

Niw  Bbdnhwioi  Coal  axu  RAiLWAt  Co. 

Uood  Teaulta  hoped  (or  fiom S3  a 

NlWBTB  BAHm,  Gbahd  Fobkb  niviaiOH, 
B.C. 

CryMalline  Khjata.    53  A 

J!iw  Calriionu. 

Ref.  to  nilphide  one  of 144  u 

petidotite  of 14S  H 

Nickel  producHoD  of .146, 

147.  170,  1H6,  1B6,  2ie,  331  h 

..      oreaof 180-186  0 

Orel  of,  compered  with  an*  oS  Peoii.    177  u 
NlWCASTLB,  MoirniiiiiBBRLANDoa,N'.B. 

K«f.  to  quarriee  Kt. 13  a 

RW.  to  co»l  ara*  of 33  a 

Nkwcabtlb,  U.S.  Walw. 

N'ickel  refinery  at 185  a 

Nbw  Coal  Fiiliib. 

Boundary  Crwk  district,  B.C 68  A 

Nkwcobbe,  Dh.  C.  F. 

Fuaaila  received  frooi. 2BT  A 

Nbw  £i>iNBC«oH,  Ottawa. 

TriarlKnu  frota 208  a 

HewfouDdlaad. 

Spleitdid  ooel  ihippiDg  faoilitiea  of. .    243  A 

Kickel  of    147  h 

Eipurts  to,  from  CanadB,  lUOl.. ...       10  a 

CoAl  to,  fromN.8 328 

Iron  ore  imporia  from. 61b 

New  GLAaoow,  RBNnisw  co.,  Otrr. 
Set  Glaagow  atMion. 

Nbw  Glamow,  Tbbubbonhi  co.,  Qub. 

Anorthoeite  maaiaa  at. IS  o 


Hew  GiaMgow,  Piotou  oo.,  N.8. 


(iood  (or  geoiogiokl  study 1! 

Coftl  MMiia  E.  of. Z 

Coal  Msme  and  trial  mt*  <rf. 2! 

SlMiaticB  (if  coke  uiea  in 4 

Ntw  Glasgow  ooNaLOMESATt,  N.S. 

Pictou  ooat  fieUs 13,14.16,31 

Nbw  Hobtok,  Albbbtco.,  N.B. 

Eiteoaiotiof  CumberUiidco.rocluto.    201 
Nbw  JiMBT,  U.S. 

D  water  aupplj  of.      li 
Nbw  Minat,  KiNcaoa,  N.S. 

PeculUr  rocka  W.  <rf. 211 

NbwMbiioo,  U.S. 

Nickelin H; 

NawroBT STATIC V,  Hastk  CO.,  N.S. 

L>C  ud  ioog.  fixed  at 25 

Saw  Silvkl" 

AnalyKB  and  uaea  of 22( 

Niw  SocTH  Walis, 

well!  at II 

1  productioti  of 10 

Nbw    Vamcouvib   Coal   Mininu   akd 

Operating  Naoaimo  colliery 3 

NbwWalb*. 

iDie  aiven  by  Button,  161^ to  land 
j.WT  of  Yrvk  Factory,  Uudaon 


Nbi 


bay  . 

r  YoBE  BcrrAinoAi.  Gabubkb. 
Botanial  specimena exchanged  will]. 


Nbw  Yobebhibb. 


Kee.. 


if  mouth  of  Wmiak  river. 
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Nbw  Zbala 

Ref.  lu  nickel  ore  of Itf  H 

Niw  Zealanu   cheu,   Ihulan   bitbb, 

KlONDIKB  DIBIVICT. 
bUaiive  diabaK*  below 11,  20  B 

Nlasara,  Llnooln  oq.,  Out. 

Traea  between,  and  Teui '.     163  A 

NiAOABA  FALLB. 

Planta  in  vicinity  ol. 162  A 

Botaoioal  spncinieDB  [mm  oekr. 153  a 

NlAOABA  FOBHATION. 

Bruc«oo.,Ont 165  A 

Foauli  from,  at  Hamilton,  Ont SS7a 

NiAOABA  BiviB,  Ont. 

Fruit  country  between,  and  Owen 
Soond IBl  A 


ib.  Google 


NlABKOff  FOIRT,  jAIUa  UT. 

Riven  beiwMn,  >ad  U.  Hennette 

sUiria 10  J 

MekaiDgfd  Name. 29  P 

Hlooolite. 

McCoDDdl  mine,  Sudbury  diatrict, 

Ont. 87  H 

DeKTiMion  ud  Kiutlria>  of 101,  102  H 

In  clsM  I.  of  Vogt'B  di"!«iMi 1*3  a 

MichipicoCan  ialud,  L.  Superior- . .     148  B 

ThuDder  bfty  diitrict,  Ont. 149  B 

Timuluming  diatrio^  Ont IM,  ICT  H 

NioHOLAB  St.,  Ottawa. 

Drilling  for  mtor  in 261  A 

NioBOLS  Chimioal  Oa,  EAarssH  Tpb., 

Pyriiea  output  of    127s 

Nicholson,  Mrs.  U,  A. 

Fooail  otoala  received  from. 267  a 

NlobolsoQ.  ProC  H.  A. 

Foaul  coraU  deacribed  by 267  a 

HIOEBL. 

Proffren  of  induatiy,  1901 242  a 

Sudbnrr  diatrict,  Ont.  Sumy.  Rep. 
on,  1901 144-WTa 

Sudbury  diitrict,  Ont.,  report  on  by 
Barlow Part  a 

Diaoovery  of,  Algoma  diatrict 9  H 

Sudbury  kud  N.  Caledonia  ores  of, 
oomjMred l&H 

Hiitoo'  of,  in  Sudbury  district 31-4C  a 

SUicitea  of 144  h 


In  N.  Caledonia 180-186  B 

Roasting,  smelting  and  refining  of.  189-224  E 

Analyaea  of 236  B 

Ueea  and  atMiBtioa  of 216.238  h 

Statiatica  of 8-10,  89,  90  e 

Near  Wataon's  oomer,  Lanark  co., 

Ont. 6e,76j 

Powibly    on    Nawapitediin    river. 


Nickel  bka: 

Of  Sudbury  district,  Ont.145  A,  03,  80,  89  H 

Used  by  king  Euthydemoa 224  H 

Use  of,  in  Europe  and  Ajnerie*.   . , .  236  H 
NiCKKL-CtoppEB  Co.,  Hamilton. 

Ref .  to  inauguration  of  worka  of    . .  242  A 

Workby 88  H 

NlOKBL  COHPORATION,  LTD. 

Licluaion  of,  in  International  Nickel 

Co 29,  18BH 

NlOKBL-OTHNITB. 

See  Genthite. 

Ref.  to  Walker'a  researcbea  in 106  H 


Hiokel  ores. 

Analyaea  of.    See  Analyaia. 

Olaaufication  and  geneaii  of.. 143-146  H 

Diatribntion  of 146-147  H 

Canada. 148-168  H 

Scandinavia 166- m  h 

Snrope. 171-173  h 

United  Statea 174179  B 

New  Caledonia 180-186  H 

Eaalem  Townahipa,  Qoe 146  B 

NiCKBL  STXBL. 

Qualitiea  and  iropuritiee  of 337  B 

UBearf 238h 

Great  future  for 228  h 

PaperaoQ 229  a 

NiOKCL  VITSIOL. 
See  Uorenoaite. 

NiCKSLinnouH  ptbite. 

Murray  mme,  Sudbury  district.  Out.      17  H 
InclaaalLof  Vogt'ediviaioDiL 143  H 

NioKaunBooa  pTuiHOTni. 

Magnetic  aepaiation  of 132-139  H 

la  there  aucb  a  thiiu  aa  T. Ill  H 

In  daaa  II.  of  Vogt'a  diviaions 143  a 

NlOEKLOID. 

Uaeaof. 237  H 

Hlool,  'WllUam. 

Work    by,    on     oryBtallography    of 

aperrvfite 18  H 

Analyeu  by,  of  Timiakamingorea.  .1S7-1C8  H ' 

NiooucT  Srao.,  N100UT06-,  QcE. 

Six   Biiringa    riaing    through    Utiea 


NiKITOWABAKI  HIVBB- 

Stream    between    Opinnagan    river 

and  Cape  Henrietta  Mana 11  F 

NiHt-HILB  CBKU,  ELONmSB  UIHTBIOT. 

Drainage  u«a  of. 7  b 

High  Lerel  river  gravelBOf. 80  b 

NlFIOON  HOUBE,  NiPIOOH  LAKK,  ONT. 

Viatted  by  Wilaon,  1001 97  A 

Hiatoiy  Ol  aurveyB  of 106  A 

lake,  Th 
:,  Ont. 

Ref.  to  Parka'  worka  on,  190L 7  a 

Report  on  ooontry  W.  of 96-106A 

E.of 106-109A 

Rocka  in  region  <^  aimilar  to  Mani- 
tounnk  group,  HudBon  b»j 33  r 


riot,  Ont 
Report  on  country  W.  of . . 


Trap    between,    and   Poahkoka^n 


ib.  Google 


NnOHKI  TAOIL^It,  URjUS. 

TAOl, 

North  Burffoas,  Aw.-Ow. 

""■ 

pS3.™:s^ii'"" 

190H 

Rock,  in  vicinity  of 

!8J 

Ap>ti(>AKlmi<»niinin(in 

"^'Sl 

Inporu  of,  1301 

Nmio  ACID. 

ECFector.  QopUtinum 

11  a 

fl9A 

NOMH    CaMOKTO   ».,    FtOHTTOAO   00., 

NOLiK.  A.  W. 

lUf.  to  P»P«r  br,  "n  the  geology  of 

Chkiricic  rocki  of 

LinuMoneof 

28j 
60j 

Duoite  from 

145  H 

Deeper  Wktvrfnnn.  U>  Xonh  |K>int.t  IS  A,  ft  f 

NoBTH  Cbobbt  n..  Lkum  00..  Out. 

FUt  ibore  Irom,  to  Altmnj  river. . . 

10  r 

NOMCNOUTl-RS. 

71 J 

Mioamineaf 

Tfticr,  Out. 

GlaoiAl  itriAa  of 

78  J 

NoarBUN  Liout  laki,  Ont. 

inoA 

101  A 

TBicrr,  Out. 

Coontry  rocks  o( 

16  K 

Ti»»elled  by  Wil«m,  1901 

98a 

101  A 

Aulytii  of  pyrrhutite  from 11 

87a 

ClwncUr  of  T»lleT  o( 

G1»™1  dejx»iW  of 

NOMWATlNOni  LAEI,  ThUMWR    BAY    tllB- 

SS»A 

NoBTH  «■.,  KiKOB  00.,  N.a 

Viiited  by  Wibon,  1901 

GoeiHic  Celt  iM*t 

9«A 

Drift  WMWlBl  of 

213  a 

Tr»p(rf 

NOBTH  POIST,  JaMBB  BAT. 

I0». 
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SPKI'CI     WOOII    HIDINO,    ThDHVBB    BAT 

i>iirrRi(-r,  (Ikt. 

Vi.Lt«l  by  Wilson.  1901 

Spurr,  J.  B. 

Ret.   Ui  deecriiition  by,   of   Miller 

Work  by,  oo  Nmiiui  •eriiw 

Pelly  gneiHsM  called  tiMal  gruiites 

Rniiarkaby,  on  Forty-tnila  district. 81, 
Staff. 

64  employes,  1901 

STALACnTKH. 

Copper-nickel,  !^udbary  district,  »u- 


is  of... 


■  DiaratCT, 


dTAHFIULU. 

Iniport«of,1901 71  » 

Stanuaiu  AsBBtna  ca,  Mohtbbai. 

Kef.  to  mining  by 21  9 

3TANI.OT,  York  oo.,  N.B. 

Hi«bly  altered  rodu  of    201a 

STAHLIT   DMT  Pl^Tl    CoMPAMT,   MOBT' 
TRKAL,   Qn. 

Description  of  well  ovned  by 6S  O 

STAKLn  isLANn,  St.  Lawiencc. 

Specimen  of  CtDvas-back  dnck  from    260  A 

STAKLnTtLLl  MICA    MINI,    N.   BCBOnS 

TT.,  Lahabk  00.,  Oht. 

Position  of Tl  J 

Stanton,  I>r.  T.  W. 

Atlin  district,  B.C.,  foMila examined 

by 3<I2a 

STAmATBU. 

Mininff  system  in  Hoiaia. 106  B 

Stab-Kobb  HOLK. 

Specimenot,tromtheCaM»dea,Que.  399  A 
Stabbb'  roisT.  KiHos  oo.,  N.S. 

Indiu  telice  at. 211  A 

STATHia,    R. 

Sfcy.  Canadian  aibsatnaco.,  IWl.. .       31  B 

STATIRTlCe—  N  ICOl- 

Fint  detailed.    fiom'Sudbnry   dis- 
trict   10,14H 

SntAN  HHOTILB. 

Klondike  district Mb 

Stsatitb. 

Set  also  Soapstone. 

Collected  bj  WiUimott.  1904 !40  A 

Statuitiosof 11,61.68a 

MTKIL  BAILS. 

Fropaaed  manufaetaie  of,  Sudbnij 
district,  Ont SB  H 

Imports  of,  1901 738 

SrB«vi,a  A. 

Boring  (or  petrolemn  on  bum  of 203  a 

SltBaria  lonffiptt,  GotdiiL 

Frim  mouth  of  Ekwan  and  Albany 

rivara,  Keawalin 60  P 

Stbllabitx. 

Piotou  coal  field,  K.S 38  M 

Stellarton,  Plotou  oo.,  N.S. 

McUre«or  Mam  ooteroppinB  at.  —        7  H 

Substitution  of  saiidatone  for  shale 


Messurement  of  slate  brtnreen,  anl 

W«tville 

Shales  aL 

I>arg»  erratic  n«ar 

OiUhalosal 

Fetroleom  in  quarry  S.  ol 


ib.  Google 


Stillabton  sbotion,  N.S. 

Set  Albion  divigjon,  N.S. 
Stbwabt,  Uisa  Mabib  C. 

Woik  by,  1901 1B7  A 

Stkwabt,  jA¥«a. 

MiueiuD  Bpecimeos  received  from  . .     E38  a 
SsTiWABT,  Wm.  , 

Desoriptiqn  of  Montri«l  wall  owned 

by. 64,  71o 

Stewabt    bbook,    MoLellan    shook, 
ProTon  CO.,  K.8. 

FaulU  on  ;  Silurian  nn 9,  Ifi  tl 

CoDtwCexpcaedin  rmvineof..    11  M 

Stewart  river,  'Yukon  Ty. 

Reason  for  coarseneeB  of  gold  on 39  A 

Bar-mining  commenced  on &b 

Naiina  BcbuU  on IS  B 

Klondike  series  in  vkUey  of 16  B 

SrawAST  SKAll,  PiCTOlT  OOAL  PIILD,  N.S. 

AlMndonment  of  23ii 

Strwabtvillk,  Behfubw  oa,  Ont. 

RevetBfl  dip*  of  strata  M fil  j 

Stilbitb. 

Collected  by  WItlimott.  1901 ...        240  a 

STILLWAR  TBSTATIOH,  HANTa  CO.,  N.S. 

Lat.  and  long.  Giad  &t S91  a 

Stilpnohblanb. 

Specimens  of,   collected   by  Broad- 
bent,  1901 23Sa 

SinraviLLB,  Cablvfoh  co.,  Okt. 

Trenton  litDsstones  at. 8,  12  j 

Stoble  mine,  Sudltury  dlstiiot, 
Ont. 

Reported  on  1^  Collins,  1SS7 10  b 

Munetic  separation  of  caes  from ...      16  b 

Ref!  to  geologiotl  map  of.     21  n 

Discover]!  and  floatation  ot 26,  26  B 

Cloeing  of 27  H 

Con{;Ioinnrat«  of. 66  h 

On  isolated  masses  of  norite. 89,  120  K 

Percentage  of  nickel  in  ore  of 110  H 

Assays  of  pyrrbotites  of 118  h 

Depth  o(,.      ..   133  H 

Browne's  ciperiments  on  ore  from 

133,13411 
Magnetic   separation  of    pjrrrfaotite 

from 136,  irw  B 

Haulage  of  ores  of 1S9  H 

Statiitioeof 280  b 

Stone. 

Statistics  of 10,  131,  132  a 

SrOfEHATBH,  CHALKCB  HAT,  N.B. 

Ref.  to  quarries  at 13  B 

STONEHOCSE,  Ct'UBEBLANn  CO.,  N.S. . 

Silunan  fauna  from. 262  A 

U— tIJ  c: 


Stonks  mihb,  Bvok  lak^  Lnmoi  and 
Addinotoh  cx>.,  Oht. 
Calcite  in  mica  deposits  of 182  a 

In  bathylitha. 79, 1S2  h 


Gold 


or,  N.S 


..114,  lie  a 


Examined  by  Ells,  1901 173a 

Sandstones  of 178  A 

Hematite  of ISl  A 

Mica  ot. 181  A 

Statistics  of 64,  71  a 

STBAIOHT  ROUIB  LAKB,  RAIKT  DiSTBlCT, 

Ont. 

Rocks  of  9eA 

Stbatbooma,  Addihotoh  oa,  Oht. 

Cement  works  at 186  a 

Stbatiorapbt. 

Of  Anttaosei. 190  a 

Stkawbbbbt  oovb,  Ahtioooti. 

SubsuU  between,  and    Ste.    Claini 
bay 198* 

Of  Klondike  district H-lOB 

Gold  bearing,  of  Salmon  river  gold 

fields. 27,  80  a 

Gold    bearing,  of    Sixty-mile  gold 
fields 8S-36A 


StroiBotop'tTonidtfi. 

From  Skwan  river  and  Sutton  lake, 
Kbb 17.89P 

STBaNTIANm. 

Collected  by  Williniott,  1901 240  A 

StmphoiuttM  oUsntalo,  Connd. 

From  Hunll^  tp.,  Carleton  CO.,  Ont.       83  i 
Stmpktodonta,  sp.  indet. 

From  small  island  in  Sutton  take, 

and  from  Ekwan  river,  Kee 17,  41  r 

StrapholBlui,  HalL 

Quoted  by  Eastman  as  a  synonym 

at  Plaiyotloina,  Conrad 6S  F 

BtrophoHyliM  amplut,  Whiteavea. 

From  Ekwan  river,  Kee 17,  03  p 

StrophattyliuJUicinetu;  Whitoaree. 

From  Ekwan  Kver,  Eee 17,  64  F 


ib.  Google 


atrafktMrlut  in/Mut,  Wfaimna. 

Prom  Blcwan  river.  Km 17,  03  : 

antim-uL  ruTCBu. 

PiobraotMllMd,N.S «-lS,»l 

Sraccrren^L  NATHRinLa. 

SuUitioaof 131-146I 

On  AT,  Gk),  W, 

Fkribault'*  uknowMiiiiienti  to 318 . 

SrcBuBON  Liti,  Aloona,  Otnr. 

Ref.  to  RobotHM's  tuntj  of.  W3, 

SniBOH>KLAU,TucNi>>«  BATDUnucr, 
Obt. 

Quwtxit*  o( ;  rarv«7  of 99, 9fi : 

IfonbdtN.  of B6. 

G<dd  mintDK  oa    93-!IC> , 

anumH  Lau  Mikino  Co. 

HUinp  mill  rrectcd  b; II3,d3i 

Vfatk.br B6. 

STCBonN  BTTn^RAiKT  wn  i>inmi<7r. 

Cunftlonienite  on 90 1 

Ilii»  ii|ili f  :  pild  prwinctingoo.      92. 

ArCROION  ■ITKB.ThUHDU  DAI  DUTKIOr, 

Ref.  ti  Hclnnn'  warr-y  of.   106  . 

AgglomeratMKt  mouth  of 107, 

Picuiu  oobI  Batd,  N.S. 8 1 

Surciiwn  Miqua. 

0(  Krie cUy,  8.W.  Out 168, 

SccKu  oBsu,  H.wriNOM  00.,  Out. 

Xaeftaailitei  in ITS  , 

St'CKCB  i^it,  Tbcndib   bat  Ditmior, 
Out. 
flurve;  of 98  j 

Hl'CKBBH. 

Id  IbIm*  B.  of  L.  Abitibi,  Qua 143 , 

Sudburr  district,  Ont 

Sumy  Rep.  on.  1901  M3, 1*T  i 

Owkiincai  nwpof,  with  pkrt  f 

Rfliort  on,  by  Bwlow,  1904. 

LiMrkture  of. 9-30  I 

FhenomenAl  output  of 43  I 

C>u»4i  of  fulurr  in 44,  45  I 

Phy»iaJ  fmtar«*  <rf. 4e-fil  I 

Orologyol M-92i 

MinemloBT  of 92-11(1 1 

Origin  of  an  (t»|>oaita  in 120-l.tI  I 

Mininimpthudiin 1S6-1KI I 

MeUllurgy  of  om  of    189-223  I 

Statistioaof  produi-tion U9-23S  a 

46,  47.  89  I 
Analyut  of  pUtinum  fiom 103  i 

8uoAR  Bcrr. 

Around   WkllAoebarg,     Kent    oo., 
Ont IM; 

SCOAB  KATU. 

In  vicinity  of  Sanu^  Lambton  oo,, 
OnL 164j 


Sulphur. 

From  nickel  oraa,  Sodbary  district .      39  a 
VEmtation  diHtniyed  by  fume*  (rf.. .     191  H 

KfTbCt  of  f  unMB  oF,  on  iron 192  B 

Pncentage  <rf,  Bfler  nickel  roasting..    196  H 

FnMD  Sherbnwke.  Quo. 45  s 

lo  ooftl*  of  Pictoo  oo.,  N.8 36  H 

Siri.mDH  (obcdb). 

Import*  of. 11,  ISS  B 

Sulpbur  oreek.  Dominion  <n«ek, 
Klondike  district 

Source  of 7b 

Gold  of  ., 19  B 

Description  mad  rocks  of 47-B4  B 

While  chsmiri  gmTsIs  ol DSb 

Tinoo 64  b 

Unworkndduinsoii. 68  b 

SdliPBDllO  ACID. 

Imports  of.  1901 lis 

SVLPHCBBKntl)  STDBOOIN. 

In  wsUs  ol  Montreal  and  Ticintty. .  .66-63  o 

SDUBCB  BfRINO. 

Gr««n  Hill  area,  B.  Eootenay,  B.C.      73  A 

SDLPHDIHIL-H  AOrD  OAB. 

Mannfactiire  of,  from  pyrrfaotite ,  . .    190  H 

SUbruDBODH  WATBBBr 

9.W.  Ontario 187  A 

SULTAHA  NIKB,  SCUBCBT  DIRTUCT,  ONT. 

Levaok  rmogn  D«*r 88  H 

TB1<^.C. 

Natural  history  collection  from. 1&9  A 

Entomolofficsil  oolleotion  from S6B  a 

Pruposal  to  empty  and  oultivat*  ...       46  A 

SUMAH  HOCNTAIH,  B.a 

Reported  on  by  Daly,  1901 42a 

Streams  from,  affected  by  Cbilliwack 


fan.  . 


Coal  beariBf;  shales  n 


IP,BOIINIIART0I 


46a 
GOa 
SI  A 


StlHHITCAl 

Visited  by  Brock,  1901 

LimestoDe  of 

Rueksof 

List  of  claims  worfcing  in,  19(ll 

Sun  NTT  OITT,  BOCHDABT 

RC. 
Qreenslmie  and  tat*  ol 64  A 

SoNHtT  cBxii,  Salmon  bitib  dibtbict, 

Description  of. 29  A 

OXTi 
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Son  Pobtlasd  Ctuvn  Co.,  Ltd. 13T  a 

Somn  utsK,  Boundary  cbeek   diht- 

TBICT,  B.C. 
Working  uid  production  of 06,  67  A 

StTBPAOB  FKArCHXS. 

Of  Klondike  diBtriot,  Yukon  Ty . . . .    7-8  B 
CM  Ehwan  rirer  udSuttoQ  l&ke  dis- 
trict, Kee 6-11  t 

Sudbuiy  mining  district,  Out.  - 46-60  B 

Pictoo  oo«l  field,  N.S 6-811 

Surftuie  Oeoloffy. 

Soniiiury  Report  on,  in  Ont.,  1901.    160  a 
Prince  Edwud  Islud 209,210  a 

BuTvejrtns- 

Okrelem,  Sudbury  miDing  district, 
Ont...    Wh 

SCRVinSa  IKSTBCIItNTB. 

List  of  puTchsBee  of,  1901 2SS  A 

StnUCRLAKD,  J.  W. 

Qoanr  owner,  Woodbourne,  Pictou, 
co„N.S 168 

SUTHBBLAND  RIVEB,  PlOTOC  CO.,  N.S. 

Faulted  ground  at  mouth  of 7  m 

Cont»Ct  exposed  on 11  M 

Cnmbo-Siluri»n  of H  M 

Hematite  in  conglomerate  on, 37  H 

SonoH  Mill  UKK. 
Set  Sutton  lake.    ' 

Sutton  lake,  Keewatln. 

Kef.   to  DowlingB  track-survey  oE, 
1901.. 


Summary  R*p.  o 


.J,  116,116*,  23-29  ( 

Full  report  on,  by  Dowling parti 

Clay  and  banks  of 6  i 

Origin,  elevation  and  depth  of 6-8  i 

Sketch  of  trap  cliffs  in  naitowa  ot. .  8  ( 

Fishot 12i 

Canoe  route  from,  to  Ekwan  river. .  20  i 

Sketch  of  gorge  on 33  f 

Of  Ekwan  river,  Kee 7l 

SWAUP  CBBEK,  FBONTKNAC  CO.,  ONT. 

Discbuge  of  L.  UisBisBagagon.  ...  44  . 
SWAUP  bparbow. 

near  Eingakin, 


Oat.. 

SWAH  LAKE,  NlWHBlKO  DWTBICT,  OKT. 

Drainage  of- 126  a 

Swan  bivbb,  Jauis  bat. 

Latitudeof 113  a,  10  r 

Perhaw  "Raft"  river  of  the  map. 

'^                                        113  A,  10  F 
Deecription  erf  montb  of.    30  r 


Association  of  nickel  ore*  of,  witb 


Biperta  from,  in  Sudbuty  diatrict, , 

Mafroetic  surveyinR  in 

Production  (rf  niokel  in 


171  H 


Obashing  lake,  Pontiao  00.,  Que....  118  a 
SWKXTaBDBO,  UlSBIBQnOI  oo,,  QuK 

Section  from,  to  KiKiwIton 188  A 

SwitserlAnd. 

Ref.  to  preeent  glaciation  of 44  a 

Niokeloreof 17SB 

StPKKHAH,  FROimHAO  00-,  Oht. 

Mica  mine  near. 163  A 

Stuknham  rivkb,  Ont. 

Flooded  by  lake  water 169  a 

Stdhkt,  Capb  Brbton,  N.S. 

Smelting  operations  at 39  B 

Ref.  to  VKM  famaces  of 61  s 

In  area  of  "Peitii  sheet,"  OnL .  .23,  K,  63  j 
Eewagama  lake,  Fontiae  oo.,  Que.. .    I8B  A 

8hefIordoo.,Qne 186,187  a 

Around  Benton,  Carleton  CO.,  N.B. .  199  A 
Silvia    ohkk.    Bra    Salmon    bivbb, 

Gold  on 27,30  a 

Sthheb,  Mr. 

Giold    development    by,    SCuigeon 

river.  Out 98  a 

SlKCLINAL  FOLD. 

Diairram  of,  to  iUustnte  principle  of 
artesian  wells 9  0 

STNCLINAL  BTRtJCTOBB. 

York  and  Carleton  coa.,  N.B.  ....  198  a 
Stnolinb. 

Of  Indian  river  area,  Klondike  dis- 


Statjetiosirf  Canadi 

1886-1901,  facing. 

Tamana  biveb,  Columbu. 

Platinum  on 


of,  from  Huntii^- 

).,  Ont 

production  of. 


Green  Hills  area,  S.  Kootanay.B.C.  73  A 
Of  Ekwan   rivsr  and    Sutton   lake 

districts.  Kee..ll7A,  6,  T,  16,21,  22,28  r 

Dead  in  Abitibi  diatrict  Ont 130  a 

W.  of  Obashing  lake,  Pontiao  oo., 

Quo. 118a 

Kakameonan  lake,  Pootiao  oo..  Que.  136  a 

E.of  L.  Atntibi,  Pontaao  oo.,  Que..  143  a 
Tauiht  cbckk,  Frasib  bivxb,  B.C. 

Ref.  to  deep  canyons  of 42,47  a 

LaVBB  west  of. 49  A 

McArtbur's  camp  at,  1901 1S9  a 

oxvii 
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TAMwona,  ADDnaTOR  oa,  Oirr. 

PAOl 

fAGl. 

180a 

"Ta»mii"«hjc«. 

SS3A 

formofoiniueiDB.C 

Ma 

Tehiboooata,  lau,  N.B. 

Tamoiu  Dwnicr,  Hautai  (xx,  N.& 

leobeis),  from 

4lF 

From  moulh  of  Ekwu  Md  Albuir 

TuiMjrroN  tp.,  Ottawa  do..  Qoil 

Mr 

Mionmla  <»U«>tad  ia,  bf  WiUiinoU, 
1901 

T4M8. 

SSQa 

ChilUiKckUk«dwtriet,B.C   ....44,4Sa 

"TmroMAST  Babdhob." 

Tatiock,  Laxabk  00,,  Out. 

To 

Uj 

TOIA  ALBA. 

TAn>Bivra,N.B. 

038 

R«bIr«JMndn>okiof. 

Ml  A 

(jiKiAiwi-oo..:::::::::.";..': 

TAi«M«,You:a)„N.R 

77* 

39^  39.  4S,  H  M,  BB  ■ 
TermoM. 

C3iilliw«k  river,  B.C 

FrMerriTer.  B.C 

Tatlor,  E.  T. 

.'Mection  by,  of  ooal  UiKb  for  p>n, . 

SUA 

TBa 

U<.Seal,K« 91  A 

Klondike  giavelc.  ..8,  3B,43,  48,  SO,  eS,  60  B 

Taylob,  F.  B. 

liUnd  ol  MontiTAl,  Que 

Siitr-mile  disCrict,  Yukan S 

200 

*,36a 

8a 

TkbbaCoita. 

Tarlor,  a«a 

»ketch  nirrn  br,  o(  ronU  t«  WiDi*k 
nv«T  via  \VuW«i>i  liver,  Kw.. 

Wf 

TnaiBo.vKK,  Tdbbbokkb  co.,  Qck 

S8o 

Tatlob,  0,  K 

130* 

Of  Europe,  yielding  \ignite. 

17  ¥ 

78  J 

TMLIN  aiTBR,  YCKOSI  DIBTBIOT. 

UiubI  route  tor  SAlmou  Rirer  gold 

UUci>l<tn«OD 

QSa 

IlMmWw..,.T; 

,Wa 

Gnn«icbelt»t.....     

Tenll.  Prof.  J.  J.  H. 

From  Ekinm  riTW  Aod  Sntton  Ikk^ 

WAlkBf'.  "Hu<lbury  Nickel  Di.trict," 

Loodonby 

18  a 

176  a 

WoHe  iiUnd.  Ont. 

179  a 

SB 

0(Uwa  river.  Renfrew  oo.,  Ont. . . . 

tion 

ib.Google 


TKTBAHIDBnX. 

BounfUry  Creek  district,  B.O SS,  63  A 

TETT'b  iniU  HINR,  BimOBD  TB.,  Fbok- 
TBKAO  CO.,  OnT. 

Roclm  <rf 183  A 

TCXADA  ISLAND,  B.C. 

AofdyBii  of  Dickel  ore  from. 163  H 

Vtui  Andft  smelter  of 49  b 

ThAL,  ThCBINOIA,  GEUItAMI. 

Altered  qiutrU-porphyriaa  of 21  B 

TBALKH'TIBNU]  UAONBTOMrua. 

PjTrhotite  proapeoting  with. 141  H 

Thames  {Bncr) 

Setlinfton  fire— etroneoaa  interpreta- 
tion of  expressioD M  H 

Boring  for  water  in  vallerof US,  16  o 

Thames  river,  Ont 

BotMif  of  *sller  of 153  a 

Oil  pool  N.  of 182  A 

Natuml  if>s  in  vklle^  (rf 1S4a 

Sftlt-beunng  formations  on 16Ga 

Flooded  b;  L.  St.  CUtt  water 16S  A 

Suppljing  inter  to  Loudotl 171  A 

Tbawiso. 

Bf  itoun  and  vatar,  Ek»dike  dis- 
trict        B7B 

Thelon  riveb,  Maok. 

Eatomological  oolleotion  from 26S  A 

Thkhalitk. 

Ut.  Boyal,  Montreal 188  A 

Thttpokd  tp.,  MraA.STrc  oo.,  Qdb. 
Minerals  ooUeoted  in,  by  Willimott, 

„1901 239a 

Kef.  to  asbestuB  of 20  b 

Third asAH,  Picroti  ooal  fisld,  N.S. 
See  Albion  Third  seam. 

Tbibtbbn  Islakd  lake,  Frontbkaoco., 
Out, 
Feldspar  depocit  of 183  a 

TUIBTEEN  PUP,  ElONDIKK  DIBTBIOT. 

Auriferous  tributary  of  Eureka  creek.      SG  B 
Thibtt  iblahd  lakb,  Addiboton  CO., 
Okt. 

BM'kaoD 27  J 

Thiotlk  creek,  Yukon  bivis. 

Description  of  81  A 

Productionof 32  a 

Museum  specimen  of  rutile  from. . . .    237  a 
Thouas  Davidson  Mandfactubiho  Co. 

DBSCriptioo  of  well  owned  by 40  O 

Thompson,  Robert  M. 

DiBCOVery  of  alkaline  sulphide  pco- 

cens  by 219  H 

Thohfson's  panm,  St.  Stephen,  Chab- 

Anatyais  of  pyrrhotite  from 1&3  H 


Thorbum,  Dr.  John. 

RepoH  on  Ubaay  by,  1901  ...  268,  270  a 
Thobbdrn,  Pioiou  00.,  N.S. 

Canae  of  higher  altitude  of 7  ■ 

TBBBE-mLB  POBTAGB,  Ib  IBEHAODBBI  BIT- 
BE,  QDB. 

Depth  and  Ineadth  of  river  at  . . .  120  A 
Thru  Rivbbb,  Chauplais  co.,  Qdb. 

Ochrefrom S4  a 

Thuga  oeeidentaii*. 

Anticosti 106  A 

Obaebing  lake,  Fontiae oa,  Que....  UBa 

TiBBEIT'e  HUL,  BbOHK,  QuE. 

SeoCion  from,  to  Oala  mtu. 188  A 

Igneous  lock  of. 188  A 

Tides. 

Bay  of  Fnndy 213  a 
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